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Abstract: The state of New Jersey has one of the more progressive solar energy
policies in the nation and is currently second in the United States for total installed
capacity of solar photovoltaic (PV) technology. This paper examines the financial
viability of a 2 megawatt solar photovoltaic installation in the industrial sector of
New dJersey given current federal and state renewable energy incentives, solar
market dynamics, and projected utility rates. The financial analysis compares the
outcomes of a power purchase agreement and private investment to the finances of
a business-as-usual approach to fulfill the energy demand of an industrial sector
site. The analysis will measure the ability of a solar photovoltaic installation to
leverage against rising and volatile energy costs while serving as a means of cost-
reduction or investment opportunity. Finally, the results and inputs of the analysis
will additionally give insight to the effectiveness of New Jersey solar policy.



Introduction:

Energy markets during the past several years are accurately described as
tumultuous and volatile. In 2008, international fuel prices soared while consumers
and the economy absorbed one of the largest energy price shocks in history with
crude o1l setting a record high of $143.95/barrel (Brent-Europe)! and coal prices
rising to highs of $150/short ton in the Northern Appalachian regioni. The effects of
the endogenous relationship between energy prices and U.S. macroeconomics were
delayed but certainly portended the negative financial outcome. The economic
downturn which began in late 2008 brought a subsidence in energy prices with oil
and coal markets rendering commodity prices of $60.48/barrel (Brent- Europe)it and

$46.50/short ton Northern Appalachian respectively in July, 20091V,

The uncertainty of energy markets has catalyzed the search for more stable
operating cost solutions. Powering lights, heating and cooling, and operating heavy
machinery and appliances, energy is at the foundation of every business and home
in America; thus, energy demand is inelastic despite the fluctuation in price,
leaving consumers with little choice but to endure price increases. Not surprisingly,
fuel costs are primarily responsible for the augmentation in energy price along with
an aggregate of other factors including rising capital costs, taxes, services, supplies,

cost of depreciation, amortization, etc.

One key to price stabilization in energy markets is the diversification of fuelsv.
Renewable energy provides several distinguished fuel sources including wind,

geothermal, hydro, and solar. Similar to the electricity generated by coal-fired



power plants, there are capital and maintenance costs associated with renewable
energy technology; however, the fuel is derived from renewable and unconstrained

resources, decreasing price volatility.

In pursuit of sustainable energy solutions, the state of New Jersey has
mandated one of the more aggressive Renewable Portfolio Standards (RPS) in the
United States, which requires that 22.5% of its energy supply be generated from

renewable sources by 2021. The RPS contains a solar set-aside of 2.12% by 2021.

This paper demonstrates the potential of solar photovoltaic installations as a
means to leverage against rising and volatile energy prices in New Jersey. More
specifically, one examines the financial viability of a 2 megawatt solar photovoltaic
installation in the industrial sector of New Jersey given current federal and state
renewable energy incentives, solar market dynamics, and projected utility rates.
The financial analysis compares the outcomes of a power purchase agreement and a
solar installation investment to the finances of a business-as-usual approach to
fulfill the energy demand of the industrial sector site. The analysis will measure
the ability of a solar photovoltaic installation to serve as a means of cost-reduction
and/or investment opportunity. Finally, the results and inputs of the analysis will

additionally give insight to the effectiveness of New Jersey solar policy.

The objectives of the report are the following: to describe the attributes of the
industrial sector site used in the analysis; to provide a brief overview of solar PV

technology and total cost of installation projections; to list potential utility rate



outcomes estimated with pending climate change legislation; to discuss renewable
energy incentives on the federal and state level of New Jersey; to define a Power
Purchase Agreement (PPA); to identify model inputs; to demonstrate the potential
economic outcomes for the industrial site under a PPA; to assess the financial
results of an equity or debt-financed structure to purchase a 2 MW solar array;

and, finally, to gauge solar market response to policy in New Jersey.

As the results of the solar PV financial analysis are dependent on several
different cost inputs, a sensitivity analysis was performed to indicate the degree to
which the economics of the project were affected given varying costs and discount
rates. Financial indices of the economic outcome of the project will include net
present value (NPV), net present value of cost savings, internal rate of return (IRR),
and payback period (PBP). A spreadsheet model was built to reflect value inputs
and outputs. Additionally, in order to account for the variance in Solar Renewable
Energy Credit (SREC) prices over the next 20 years, a Monte Carlo simulation was

conducted to produce a distribution of possible outcomes.

Background:

Industrial Sector Site:

The industrial sector site used to perform this analysis was a Parts &

Distribution Center (PDC) in Newark, New Jersey.

The PDC possesses several attributes which are ideal for solar PV

installations including an extensive roof space and immense energy demand. The



roof area is 526’3” by 561’10”, producing a surface area of 295,664.79 ft?, about 6.8

acres. The energy load of the building is 2,374,734 kilowatt hours (kWh) per year

and a monthly average of 197,895 kWh. Peak energy use occurs during January

and July with 214,432 kWh/month and 223,326 kWh/month respectively. Real-time

pricing is available in New Jersey; however, the site has opted for a two-tiered

pricing scheme and the utility rates correspond to the following schedule:

Rate 1: (Winter/Fall)

Rate 2: (Summer: June, July, August, September)

Weighted Average

on-

peak:

10.7¢/kWh

off-

peak:

7.2¢/kWh

on-

peak:

14.1¢/kWh

off-

peak:

8.1¢/kWh

9.8¢/kWh

A time-of-use assessment showed that the building generally uses 52.9% on-

peak hours and 47.03% off-peak hours; thus, the weighted average utility rate for

the site is $0.098/kWh.

Projected National Utility Rates:

The Energy Information Administration has projected three utility rate

scenarios for the United States over the next 20 years varying from one rate case

which takes into account very little concern for greenhouse gas emissions, a

reference case, and a third rate case which applies potential price increases under

the Lieberman-Warner climate legislation billvi:




2020
No No

GHG LW GHG LW

Reference | Concern | 110! | Reference | Concern 110

9.11 9.41 9.33 10.23 10.43 10.08 12.7
0.25% 0.19% 0.95% 0.63% 0.46% 1.71%

1.78 1.92 1.94 5.25 2.04 2.16 8.72
0.61% 0.69% | 15.00% 0.64% 0.93% | 16.95%

Source: EIA Energy Outlook 2009

These rates are expressed in 2007 dollars and do not include inflation rates
which in the last 20 years have ranged from annual averages of 5.39% in 1990 to
.03% year to date in 2009vi. As inflation rates have varied widely over the past 60
years, economists consider 2 percent retail price inflation normal in our economyVi,
With a broad range in fuel and utility prices, investors and consumers are looking

for alternative measures to leverage against rising energy prices.

Solar PV Technology Overview:

The analysis is based upon first generation solar photovoltaic technology
which is manufactured using silicon wafer materials as the semiconductor. The

semiconductor material has been treated to form n-type silicon and p-type silicon,

' LW 110- The Greenhouse Gas (GHG) emissions reduction policy proposed by Senators Lieberman and Warner (S.
2191) in the 110" Congress is incorporated to illustrate a future in which an explicit Federal policy is enacted to
limit U.S. GHG emissions.
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activated by its exposure to sunlight.
Solar radiation varies according to the region and time of year. Areas in the
southwest portion of the United States have the greatest amount of incident solar
radiation. For instance, Phoenix Arizona receives between 6.5 and 7 kWh/m?/dayix,
whereas New Jersey receives between 3.5 and 4.0 kWh/m?/dayx. The amount of
solar radiation incident upon solar PV modules significantly impacts the economics

of an installation.

Solar PV Market Summary:

Since the energy crisis of the 1970s, solar photovoltaics have expanded
beyond space applications and into residential and commercial sector markets.
Costs of installations have experienced a dramatic decline as the effect of economy
of scales impacts the price per installed watt (DC-STC). In the United States,
prices have decreased from $10.5/W in 1998 to $7.6/W in 2007 (real 2007 dollars).

This translates to an annual reduction of $0.3/W or 3.5%/yr in real dollars. The



primary reason for the reduced overall installed cost of the system is due to the
decline of non-module costs. From 1998-2007 the average non-module cost fell from
$5.7/W to $3.6/W. This accounts for 73% of the average decline in total installed

costs over this period.

The overall installed costs are also sensitive to the size of the installation.
The average costs have declined since 1998 for systems <100 kW with systems <5
kW demonstrating the largest reduction, from $11.8/W in 1998 to $8.3/W in 2007.
Cost reductions for systems >100 kW were less apparent during this time period;
however, systems completed in 2006 or 2007 which were <2 kW averaged around
$9.0/W and systems >750 kW averaged $6.8/W, about 25% less than the smallest

systems.

Average installed costs vary greatly depending on the state. For instance, at
the lower end of the spectrum, costs range from $7.6/W in Arizona to $8.1/W and
$8.4/W in California and New Jersey respectively. On the higher end of the
spectrum is the overall installed cost in the state of Maryland which equates to
$10.6/W. Average costs and cost distributions stagnated from 2005-2007, remaining
essentially unchanged. However, international price comparisons suggest that
further near-term cost reductions are possible in the United States. The average
cost of residential PV installations in 2007 in Japan was $5.9/W and $6.6/W in
Germany. This demonstrates the cost reduction potential in countries and regions

with large PV deployment programs.



State and utility monetary incentives for PV have also declined in previous
years for all sizes of installations. For systems less than 5 kW pre-tax incentives
declined from 2002-2007 by an average of $1.9/W (from $4.3/W to $2.4/W). The
Federal Investment Tax credit (ITC) for commercial systems increased in 2006, as a
result the total after-tax incentives for commercial PV (state/utility cash incentives
plus state and Federal ITCs, but excluding revenue from renewable energy
certificate sales and the value of accelerated depreciation) were $4.0/W in 2007. On
the other hand, residential sector incentives averaged $3.1/W in 2007, their lowest
level since 2001. For that reason there was a trend shifting towards commercial
sector installations. However, after the renewal of the Federal ITC in 2008 which
also removed the incentive ceiling, residential PV will likely regain its share of the

market.

Overall, the total after-tax incentive for residential PV from 2001-2007
declined resulting in a net installed cost of residential PV (installed cost minus
state/utility cash incentives and tax credits) averaged $5.1/W in 2007, 1% less than
in 2001. Conversely, the net installed cost of commercial PV averaged $3.8/W in

2007, an almost record low at 32% below average net installed costs in 2001xi,

The Energy Efficiency and Renewable Energy (EERE) program under the
Department of Energy (DOE) projects the following installed costs up until the year

2050:



Central Generation Residential Buildings | Commercial Buildings

Installed Installed Installed

Price 0&M Price O&M Price O&M
Year (2003$/kW) (2003$/kW) | (2003$/kW) (2003$/kW) | (20035/kW) (2003$/kW)
2005 5,500 20 8,500 100 6,290 40
2010 3,900 10 5,000 40 4,000 20
2015 2,580 6 3,300 20 2,210 10
2020 2,193 5 2,805 17 1,879 9
2025 1,974 5 2,525 15 1,691 8
2030 1,875 4 2,398 15 1,606 7
2050 1,781 4 2,278 14 1,526 7

Note: Installed costs do not include the impact of the existing investment tax credit. The O&M costs shown in the
table are annual O&M costs.

Figure 1: Source: DOE, EERExii

Projection of U.S. Total Installed Cost of Solar
PV for Commercial Installations
Z N 3% Decline Annually
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Federal Incentives for Renewable Energy Installations:

Foreseeing the advantages of electricity price stabilization and the
environmental benefits of renewable energy sources, federal and state policies have
been instated to encourage their expansion. The Business Energy Investment Tax
Credit (ITC) was renewed by the United States government by the Energy
Improvement and Extension Act of 2008. The credit was further expanded by The

American Recovery and Reinvestment Act of 2009. The legislation provides a tax



credit for a percentage of the installed cost of multiple renewable technologies
including the following: solar water heat, solar space heat, solar thermal process
heat, solar thermal electric, wind, biomass, geothermal electric, fuel cells,
geothermal heat pumps, Solar Hybrid Lighting, Direct Use Geothermal, Combine
Heat and Power (CHP)/Cogeneration, Microturbines, and Photovoltaics. While
solar, fuel cell, and small wind installations are eligible for a 30% tax credit,
geothermal, microturbines, and CHP are only eligible for a tax credit of 10% of the

installed costxii,

Additionally, the federal government incentivizes investments in renewable
energy projects through allowing Modified Accelerated Cost-Recovery System
(MACRS) plus Bonus Depreciation. This depreciation schedule intends to decrease
the payback period by accelerating the number of years over which the property is
depreciated. For instance, the life of a solar photovoltaic installation is considered
to be, on average, 20 years. However, under the federal MACRS a set of class lives
for various types of technologies have been established, and most renewable energy
technology qualifies for a five year life allowing costs to be recovered at a more rapid
rate as the accelerated depreciation will result in avoided taxes paid on the balance

sheetxiv,

Solar Policy and Incentives in New Jersey:

New Jersey boasts one of the most progressive solar programs in the United

States. The state passed a Renewable Portfolio Standard (RPS) in 2001 which



mandated that 22.5% of electricity be derived from renewable sources by 2021. The
RPS includes a solar set-aside which requires that the state generate at least 2.12%

from solar sourcesxv,

Depending on the growth of electricity demand, the capacity of solar PV will
have to potentially reach an estimated capacity of 1500 to 2300 MW by 2021 to
reach the goal established by the RPS. Given the level of installed capacity in 2008,
90 MW, New dJersey will have to install as much as 2200 MW of solar PV capacity,

about 180 MW per yearxvi,

In order to reach the RPS goals, New Jersey has incentives to encourage
investment in solar technology. The finances of larger installations (>50kW), such
as the industrial sector installation used for this analysis, depend upon revenues
earned through the sales of Solar Renewable Energy Credits (SRECS). One credit
equals 1 MWh and is traded on the SREC market. New Jersey is the only state in

the U.S. to have a spot market for SRECs with prices based on supply and demand.

The New Jersey Board of Public Utilities established a ceiling price for
SRECs by creating the Solar Alternative Compliance Payment (SACP). Utilities or
providers of conventional energy are required to purchase SRECs as part of their
compliance with the RPS. The SACP price schedule was designed by policy and
financial analysts with the intention that the SREC market value price would be
$100 lower. With this design, utilities would be encouraged to buy the cheaper

SREC on the market versus the SACP.



The following chart pertains to the SACP costs, an 8 year schedule which
declines at an annual average rate of 3% annually corresponding to the projected

3% annual decline in total installed cost of solarxvii.

SREC Levels Required to Achieve Target IRR

Energy 2009 | 2010 ( 20111 | 2012 | 2013 | 2014 | 2015 | 2016
Year
SREC $611 | $593 | $575 | 558 | $541 | $525 | $509 | $494

Approved 8 Year SACP Schedule

Energy 2009 | 2010 | 2011 | 20112 | 2013 | 2014 | 2015 | 2016
Year

SACP $711 | $693 | $675 | $6558 | $641 | $625 | $609 | §594

Figure 2: Source: New Jersey Board of Public Utilities, Office of Clean
Energy ($/MWh)

New Jersey has designed its incentive policy to create investment
opportunity. The state treats a solar installation as an investment whereby
investors expect a reasonable return on their money just as they would if investing
in stocks. Thus, the SREC target price range is designed such that investors will
obtain a target IRR of 12% for industrial sector installations, 8% for public and

government sector installations, and 6% for residential sector installations.

The actual market price of the SREC, like any market price, is determined by
supply and demand. Since the market was instituted in 2004, SREC prices have
varied greatly, starting at a weighted monthly average of $160/MWH in August of
2004 to $500.19/MWH in May of 2009. Since the SACP schedule was introduced in

the summer of 2008, prices have steadily risen. According to industry professionals,



when New Jersey has had a similar incentive and compliance payment systems in
the past, the market has achieved prices which generally fall between 65 and 90
percent of the target price, in this case the SACP minus $100. They project that the
same will occur with the SREC market<ii, Given that the SREC market is based
on the supply of SRECs generated by solar installations and the number of SRECs
demanded by the RPS, it appears that the SREC market price will remain strong as

New dJersey falls slightly short of their annual RPS goal.

RPS SREC Requirement <)
140,000 — - e .
] 120,640 - { RPS Gap Assuming
120,000 I  Proiected SRECs Available ./’ . Maximum Use OF
, ] (assuming maximum use ~ Existing Program
— of current OCE Budget) //
100,000 — a —
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Figure 3: New Jersey's RPS solar capacity goals versus actual capacity
installation. Source: PowerLight Corp.xix

Power Purchase Agreement:

As a result of federal and state incentives which aim to expand the capacity
of renewable energy technology, companies have emerged to capitalize on
potentially profitable renewable energy ventures. Power Purchase Agreements

(PPA) have created an opportunity for a 3rd party to generate revenue from



renewable energy installations while the consumer benefits from fixed utility rates
and avoids the upfront capital costs of the installation. This paper will specifically
address PPAs as they relate to the solar photovoltaic (PV) installation proposed at

the industrial site.

A PPA is a third-party financier model whereby the owner of the PV
installation is not the consumer, but another tax-bearing entity. The PPA holder,
the third-party, pays for the installation and is, in fact, the owner. The consumer,
in this case, the industrial sector site, houses the PV panels and other equipment
necessary to generate electricity on its property while the third-party owner accepts

the risk of the investment.

A PPA is a symbiotic relationship which benefits both the third-party owner
and the host of the installation. A standard PPA requires the consumer to purchase
100% of the electricity generated by the installation at a potentially lower rate than
a utility company, and the PPA receives a surface area to house the solar array.
The first year of service, the PPA proposes a contract price of electricity at or below
the customer’s current retail rate which is designated by the local utility and utility
commission. The consumer generally enters a long-term contract for 20-25 years.
The price escalates annually at a rate of 3-3.5%*x. This arrangement acts as a price

hedge against the volatility of both fossil fuel and energy markets.

While the consumer benefits from avoided upfront costs of capital and fixed

utility rates, the third-party owner will profit from the aforementioned federal tax



incentives and renewable energy credits. Additionally, the PPA holder will be able
to sell the electricity generated at a near-retail rate to the consumer instead of the
locational marginal rate (LMR) to the utility company, normally less than half the

retail rate (i.e. 3-4.5 cents/kWh)xxi,

Despite hosting a renewable energy installation, the consumer cannot claim
any Renewable Energy Credits (RECs) or Solar Renewable Energy Credits (SRECs).
The credits belong to the third-party owner, the PPA, to assist in financing the
installation. Thus, the consumer may not declare that it is powered by clean or
green energy as the SRECs belong to the third-party. Some additional caveats to
the PPA are that the third-party must have access to the site for operation and
maintenance services and that if the solar array does not generate enough
electricity to meet the needs of the consumer, the consumer must buy the remaining

balance of kilowatt hours from the local utility company.

Model Inputs:

A financial model was created in excel to estimate the economic outcome of
three different scenarios which would feasibly satisfy the energy demand of the
industrial sector site. The business-as-usual outcome where electricity is purchased
solely from the utility will be used as a basis for comparison for the other two
scenarios, the PPA and the financed investment of the solar installation. The table
below provides a general outline of the inputs to the financial model. The inputs

under the utility and PPA scenarios are solely cash-out flows, and the financed



investment scenario has inputs for a cash-in flow (+) and a cash-out flow (-). Each

investment term is for a period of 20 years.

Utility PPA Financed Investment
20 Year Period 20 Year Period 20 Year Period
+ =
Electricity Demand | Size of Installation Federal Incentive Total Installed Cost
Time of Use Solar Generation Accelel'rat.e é Size of Installation
Depreciation

20 Ye;}])frgisstorlcal DC to AC Conversion| SREC Price (Varying) Loan Rate

Proceeds of avoided Cost of Purchasing

Price Escalation Rate

Case Module Orientation Utility Payments Electricity When Solar

(Reference Rate) Fails to Reach Demand

Discount Rate Solar Radiation Net Metering Loan Term

Locational Marginal

Solar Degradation Pricing (LMP) O&M
Electricity Demand ..
Not Met by Solar Solar Radiation Tax Rate
Fixed Escalation DC to AC Conversion SREC Tax
Rate
Electricity Demand Solar Generation Discount Rate
Discount Rate Module Orientation

Solar Degradation




In order to establish the weighted average utility cost of the industrial sector
site, a time of use sample was created by condensing hourly and annual energy
demand data. The rate of escalation for utility rates was determined by examining
historical data from the last 20 years in the industrial sector of New Jersey. The
rate of escalation was then compared to rates projected by the EIA for the 20 year

period of the installation.

PV Watts, a solar generation output model created by the NREL, was used to
simulate the output of the 1.98 MW solar PV installation. The annual output
amounts to approximately 2,500,000 kWh, slightly higher than the demand of the
buildingxxi, However, the installation output will degrade at a rate of .05%/year
resulting in the installation producing less than the demand of the building after
the 6th year of the potential 20 year PPA contract. At that point the site will have to

purchase additional kWh from a local utility.

The electrical output of the solar array depends upon the efficiency of the
system which for 1st generation installations can be from a low of 12% to a high of
over 20% efficientx<ii, The array for this application will be roof-mounted. For the
purpose of calculating the hourly, monthly, and annual output generation the
following array specifications were used: a system DC rating of 1.98 MW, a DC to
AC derate factor of 0.82, the array is fixed tilt at 40.7 degrees, and the array

azimuth is south at 180 degreesxxiv,



A significant revenue stream in the finance model is determined by the SREC
price. Because the market is new, there is not significant data upon which to
determine a trend for future prices. Therefore, a Monte Carlo Simulation was used
to randomize SREC prices between specified ranges, a most-likely scenario between
65-90% of the target SREC price, a worst-case scenario between 35% to 65% of the
target SREC price, and a scenario which includes a volatile SREC price between
35% to 90% of the target price. Solar PV installations are eligible to receive SRECs

for 15 years.

Results:

Power Purchase Agreement vs. Utility:

In a standard PPA, the provider will list a starting utility rate, an annual
rate of escalation, and an estimate of kWh generated from the solar array. The
consumer, in this case the PDC, is obligated to buy every kWh that the array
produces and will not have rights to any net metering should excess kWh be

generated. The PDC received the following bid from one PPA provider.

A | Escalati
Starting Utility rate Anud Raifea ation System Size PPA Term
$0.083/kWh 3% 1,989 kWp 20 years

Before agreeing to the terms of the contract, the PDC must consider its
average weighted utility rate as well as project the annual escalation rate of utility
prices. When examining the history of industrial sector rates in the state of New

Jersey, the average annual rate of escalation was approximately 3% (nominal rate)



with maximum rate of 13% and a minimum rate of -7% from 1990-2008 (EIA:

Average Price by State by Provider).

The table below depicts the outcome of the PPA when compared to three
different rate escalation scenarios when purchasing electricity from the utility
PSE&G. The actual weighted average of the starting utility price is used, and 3
different rates were selected based on the 20 year average escalation rate of New
Jersey (base case), a rate 50% lower than the base rate (low), and a rate which is
50% higher than the base rate (high). Coincidentally, these escalation rates are
comparable to the three escalation rate cases modeled by the Energy Information
Administration which include a reference rate, a rate which does not account for
greenhouse gas emission legislation impacts on price, and a third rate which
incorporates potential rate impacts of the Lieberman-Warner bill. However, note
that the rates listed by the EIA are based on real 2007 dollars versus the rates of

the analysis which are based on nominal dollars.

The comparative results between the PPA and the three utility rate cases

favored the PPA. The net present values are all negative, but the outcome should

be viewed as a cost-savings mechanism.

3.17% 1.58% 4.75%

$0.083 $0.0988 $0.0988 $0.0988




($2,111,337.20) (52,560,845.84) ($2,256,011.10) (52,922,149.06)
10%
20
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Figure 4: The PPA bid results in cost-savings under all three rate cases.

2nd PPA Bid:

A secondary bid was included in the analysis which contained the following

parameters:

$0.107/kWh 0.03 1,989 kWp 20 years

According to the PPA, the utility rates would escalate by an annual average of 6%

which makes the PPA appear to be an attractive offer; however, when compared to



the reference rate, low, and high cases, the PPA fails to provide savings to the

purchaser with the exception of the high escalation rate scenario.

3% 3.17% 1.58% 4.75%

$0.107 $0.0988 $0.0988 $0.0988
(52,687,175.66) (52,560,845.84) (52,256,011.10) *($2,922,149.06)
10%
20

Figure 5: *The high utility rate case is the only scenario whereby the industrial site would experience a cost-savings.

From the PDC’s perspective, the bid of first PPA provider is ideal, and savings are

certain in all three rate cases.

Financial Qutcome of Equity and Debt Financing:

Another investment option exists for the PDC, to purchase the solar PV
installation with means of equity financing or debt financing. Three test scenarios
have been designed to test the feasibility of equity and debt financing structures.
The first scenario is based on a cash-in-hand, equity investment, followed by a 10
year loan, and lastly a 20 year loan. An excel model was built with the parameters

below.



varying:
Scenario 1: 65%-90%
Scenario 2: 35%-90%
Scenario 3: 35%-65%

1.98 MW $6.5/W $0.02/kWh 2,500,000 kWh 0.05%

0 yr1=20%,
3?ofac|)f 2374.733.52 yr2=32%,yr3=19.2 | same as reference rate
6% | installed | kwh 10% 40% %yrd=11.52%, | ($0.0988 @ 3.17%
cost yr5=11.52%, escalation)
yr6=5.76%

' Figure 6: The values are based off of Ryan Wiser’s report, Tracking the Sun, and NREL.

Based on the cost and electricity output parameters, the levelized cost of
electricity was $0.28/kWh? for the 1.98 MW installation. In the equity and debt
financed scenarios, the largest determinant of the financial outcome of the model is
the SREC market value. The SREC price is determined by supply and demand of
the market. While SRECs have a ceiling price based on the SACP schedule, there is
no floor price. For the purpose of the simulation, SREC prices are generated in a
Monte Carlo simulation which uses the SACP-$100 as the ceiling, and a range of
prices from 65% and 90% SACP-$100 value. The simulation uses a triangular
distribution using 65% of the target SREC price as the low value input, 90% of the
target SREC price as a high value input, and an average between the two prices as
the ‘most likely’ price. For the first year, price inputs to the model resembled the
following and corresponded to a 3% decline rate, the same decline of the SACP

schedule:

’ The levelized cost is the total Net Present Value calculated without incentives divided by the total generation of
the solar installation (S/kWh).



Minimum: 38¢/kWh, Most Likely (Average): 45¢/kWh, Maximum: 53¢/kWh

The Monte Carlo simulation performed 50,000 iterations, randomizing SREC
prices within designated ranges. The model was designed to produce the results for
3 financial indices, Net Present Value, Internal Rate of Return, and Payback

Period, all used to gauge the financial viability of the given scenarios.

Results of financial model when SRECs are between 65% to 90% of the

target SREC price:
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The 20-year financed loan has the highest net present value due to the time
value of money which discounts the principal and interest payments over the 20-
year investment period versus the equity financed option which carries the entirety
of the investment cost in year zero of the cash-flow, decreasing the present value of
the investment. When the SREC prices achieve between 65% and 90% of the target
price, the net present values for all three financing structures are positive,

indicating an increased value or worth to the industrial site.



Internal rate of return was the next measure used to indicate financial
viability. The equity financed option has the highest rate of return because interest
payments are not distributed over the investment period which would otherwise
impact the cash flow in subsequent years. The 10-year loan has a reasonable rate of
return, and the 20-year loan is bordering an unacceptable rate of return as

investors 1n this sector seek a 12% IRR for their investment.

The payback period is quickest for the equity financed option and occurs at a
slower rate for the 10-year and 20-year financed options. In general, firms expect
investments to have payback periods of 5 years or less; however, the investor in this
case will have to compare the value of this investment compared to other

investment options available to the firm.

Results of Financial Model when SRECs are between 35% to 90% of the

Target SREC Price:
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Under this scenario where SREC prices are very volatile and extend between
35% and 90% of the target SREC price, the NPV is still most favorable for the 20-
year financing scheme, and the equity financed option again produces a more
attractive rate of return and payback period. The 10 and 20-year financed options
have nearly unacceptable payback periods at mean values of 9.25 and 11.9 years
respectively. The volatile SREC price affects the internal rate of return
significantly at 6.7% for the 10-year financed option and 3.7% for the 20-year

financed option, an unacceptable return for the latter.



Results of Financial Model when SRECs are between 35% to 65% of the

Target SREC Price (worst-case scenario):
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The NPV of the cash-in-hand, equity financed option results in a negative
mean value which means the investment would merely result in a cost-savings
opportunity. By most standards, payback period and internal rate of return become
unacceptable for the financed scenarios. Thus, in the worst-case price range for the
target SREC prices, within 35% to 65%, the investment would be viewed more as a

cost-savings mechanism rather than an investment opportunity.

Sensitivity Analysis:




A sensitivity analysis was also performed to indicate the degree to which
variance in the assumptions would impact the outcome of the model. The
parameters tested were discount rate, loan interest rate, the total installed cost of
the array, the purchase of insurance, variance of SREC prices and the escalation
rate of the utility rate for the demand (kWh) unmet by the solar installation. The
sensitivity analysis was simulated for the three scenarios: equity-financed, 10 year
loan, and 20 year loan. The results assume all other values of the financial model

are held constant while the test variable is given a range over which to fluctuates.

Sensitivity Results NPV, Equity-Financed Model:
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Corresponding Input Output Value Percent
Value
Input Low Base High Low Base High Swing | Swing”2
Variable Output Case | Output
Discount 15% 10% 5% | (51,521,753) $463,169 | $3,478,717 | $5,000,470 41.2%
Rate:

® For the Sensitivity Analysis, SREC prices were kept constant at the ‘most likely’ price, or the average between 65%
and 90% range, thus, 77.5% of the target SREC price.




Parcentageof SREC Target Price fichieved

LG aie

Discount Kate

15% 70% 100% | (S2,654,394) | $463,169 | $2,163,658 | $4,818,052 38.3%
9 6.5 5| ($1,711,131) | $463,169 | $1,767,749 | 3,478,880 20.0%
0.005 | 0.0025 0 $189,245 | $463,169 $737,093 $547,848 0.5%
1.17% | 3.17% | 10.00% $463,169 | $463,169 $463,169 SO 0.0%
Sensitivity Results NPV, 10-Year Financed Model:
15% 100%

Corresponding Input

Output Value

Percent

Value
Low Base High Low Base High Swing | Swing”2
Output Case | Output
15% 70% 100% $746,379 | $3,863,942 | $5,564,431 | $4,818,052 58.0%




9 6.5 5| $1,466,577 | $3,863,942 | $5,302,362 | $3,835,785 36.8%

8% 6% 4% | $3,283,290 | $3,863,942 | $4,415,271 | $1,131,982 3.2%
15% 10% 5% | $3,664,079 | $3,863,942 | 54,364,056 $699,977 1.2%
0.50% | 0.25% 0 | $3,590,018 | $3,863,942 | $4,137,866 $547,848 0.8%
1.17% | 3.17% | 10.00% | $3,863,942 | $3,863,942 | $3,863,942 S0 0.0%

Sensitivity Results NPV, 20-Year Financed Model:

Percentage of SREC Target Price Achieved

Cost of Solar Installation ($/w)

Loan Rate

Discount Rate

Insurance

Utility escalation (reference case)
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NPV:

Output Value

Percent

Value
Low Base High Low Base High Swing | Swing”"2
Output Case | Output
15% 70% 100% | $2,653,168 | $5,770,731 | $7,471,220 | $4,818,052 68.2%




Price
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Cost of
Solar
Installation
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6.5

$4,106,745

$5,770,731

$6,769,122

$2,662,377

20.8%

Loan Rate

8%

6%

4%

$4,909,423

85,770,731

$6,552,897

$1,643,473

7.9%

Discount
Rate

5%

10%

15%

$5,037,495

$5,770,731

$5,883,968

$846,473

2.1%

Insurance

0.50%

0.25%

0.00%

$5,496,807

85,770,731

$6,044,655

$547,848

0.9%

1.17%

3.17%

10.00%

$5,770,731

$5,770,731

$5,770,731

S0

Utility
escalation
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case)

0.0%

The equity financed model is most sensitive to the discount rate with the
other two scenarios’ sensitivity to discount rate being diffused by loan financing.
The NPV fluctuates significantly and, in fact, resulted in a negative value if the
discount rate is above approximately 11% in the equity financed scenario. Each of

the financial models is sensitive to the SREC price attained and the total-installed

cost. The 20-year financed option is more sensitive to the loan rate than the 10-year

financed option. None of the models demonstrate significant sensitivity to
insurance fees for the installation nor the utility escalation rate for kilowatt hours

purchased when solar does not reach the demand of the industrial site.

Comparative Results:

When comparing the results of the 3 basic scenarios, business-as-usual, a
power purchase agreement and a financed purchase of the installation, the 10-year
financed option has the most favorable net present value outcome along with a
reasonable rate of return and payback period. The power purchase agreement

would provide a cost-savings in comparison to the business-as-usual approach;




however, the 10-year financing option would actually create revenue for the
industrial site with a net present value of over $4 million. The results of the
financed options are very dependent on the target range of SREC prices. The 10-

year financed result below is based upon the 65%-90% range of target SREC prices.

Net Present Value Comparison
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4,000,000.00

3,000,000.00

2,000,000.00

1,000,000.00

(1,000,000.00)

(2,000,000.00)

(3,000,000.00)

& NPV Utility ® NPVPPA B NPVInvestment(10 YR Loan)

Discussion:

Results of New Jersey Solar Policy, Impact on Capacity Installation:

As demonstrated in the results, solar installations have been made quite
profitable for investors in the state of New Jersey provided the SREC market
continues to command current and projected prices. Solar markets of New Jersey
have responded to the investment opportunity and installed capacity numbers have

increased steadily since the implementation of the New Jersey rebate and incentive



program. By July 31, 2009, the capacity of installations was already 24 MW which

exceeds the installed capacity for the entire year of 2008 which was 22 MWxxv,

MNJCEP Installed Solar Capacity
(January through July)
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141 to 772109 539 23,581

Figure 7: Comparison of NJ Solar PV Installed Capacity during the first half of 2007, 2008, and 2009.

The chart below demonstrates the number of solar installations which were a
direct result of funding and policy in the state of New Jersey since its
commencement in 2001. It is a record of all solar PV installations subsidized by
New Jersey’s state incentive program entitled Customer On-site Renewable Energy

(CORE) program. The state of New Jersey currently offers rebates for smaller



installations (<10kW) to offset the higher cost of installation; however, the state
plans to discontinue the program because it projects that the reduced cost of
installation in the upcoming years will be sufficient to make projects affordable.
The proposed rebate schedule for smaller solar systems is $3/W in 2009, $2.25/W in
2010, $1.5/W in 2011, and $0.75/W in 2012 after which the program will be
reevaluated but most likely discontinued. No rebates are offered to installations

>50 kW; SRECs are used as a stream of revenue over 15 years versus rebates

distributed for upfront costs.

Solar Installation Projects

Solar Installation Projects (CORE)

MNew Jersey Solar Installation Projects (CORE) by Year
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Figure 8: Source: New Jersey Clean Energy



Mewy Jerzey solar installstions now provide owver 87 .3 MW of installed capacity through 3,917
projects that have participated in the CORE Rebate Program, the REIP Rebate Program and the SREC
Regizstration Program.

New Jersey Solar Installation Projects by Program
Installed Projects 2001 to 05/31/2008

Program # Projects Total kW Total Rebate $
CORE Rebate 3,797 63,3268 | 3 2649 062 051
REIP Rebate 15 1348 | $ 196,015
SREC Reaqistration 105 184133 | % -

Total* 31517 873748 |§ 269,258,066

Figure 9: Source New Jersey Clean Energy

The fact that New Jersey has comparatively low solar insolation levels and
relatively high solar PV installation rates can be attributed to its solar renewable
energy policy which boasts a lucrative return for those who choose to invest. The
state 1s second in the nation under California for the highest installed solar PV
capacity. However, New Jersey could refine its policy to make it the most efficient

for its ratepayers and potential investors.



Solar PV Capacity by State

500 —
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W Solar Installed Capacity 2008 178.6 | 22.5 | 21.6 | 149 | 11.3 7 6.4 53 4.7 4 15.3
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Figure 10: Total Solar PV Installed Capacity by State as of 2008

The state of New Jersey could consider revising its current solar policy to
resemble that of California who is currently the 1st in the nation for total installed
capacity. The solar policy of California is seemingly less lucrative, only offering
incentives for the first 5 years of an installation’s life. Its policy follows a declining
schedule of incentives where once the state reaches a certain total installed
capacity, the incentive rate is loweredxvii, Additionally, the starting incentive rate
in the first tier of the schedule is lower than the current incentive rates in New

Jersey. The California incentive model is effective in the sense that it provides a



budget and a guaranteed rate, differing from the SREC market of New Jersey

where incentive rates are given a ceiling but not a floor price.

Conclusion:

New Jersey’s current solar policy encourages investment into the technology
and provides significant returns pending a strong SREC market upon which the
revenue stream is dependent. It appears that the SREC market prices will remain
relatively high given that the demand of the Renewable Portfolio Standard for
SRECs is greater than the current SREC supply. In fact, the gap between the
SRECs demanded and the SRECs supplied is only becoming greater as New Jersey

makes progress in total solar PV installed capacity but falls short of its RPS goal.

New dJersey’s solar policy possesses several positive attributes. New Jersey
does not limit its incentives to one sector which allows for a balance of residential,
commercial, and industrial installations. Other states such as Arizona and
Colorado have a lengthy application process for industrial installations where the

incentive rate is determined by the proposal on a case-by-case basis.

Another strength of New Jersey’s solar program 1is its central authority for
rebate and incentive distribution. In the state of New Jersey, the Board of Public
Utilities establishes the rebate and incentive schedule according to the size of
installation whereas other states have several different incentive programs based

on the city or utility under which the solar array is installed. Multiple venues for



rebates and incentives can complicate what should be an otherwise simplified

process.

Furthermore, New Jersey’s solar policy has created incentives which are
responsive to market activity. For instance, if the installation capacity were to rise
above the demand of the RPS, the incentive levels would decline or completely
diminish. Other policies around the globe and nationally involve static pricing

schemes which are not receptive to supply and demand.

On the other hand, New Jersey’s policy has not created incentives which are
predictable. Although SRECs have a ceiling price, there is no floor price to insure a
consumer’s investment into a solar installation. Perhaps, with some form of price-
guarantee, there would be less risk in the market and, thus, an increased number of

investors.

With such variable SREC prices also comes an impact on the rate-payer. If
incentive prices were contained within a certain range and designed more like a
tariff rate, studies show that the rate-payer would be less impacted and the investor
would still be able to earn a reasonable return on the investmentxxviii, Along those
same lines, it is not clear that New Jersey has established a budget to define what
the state and its utilities can afford. With incentive rates determined by a spot-

market price, it will be challenging to determine an all-encompassing budget.

Under current projections of SREC prices (65% to 90% of target price) and

total installed costs for solar, solar PV installations are financially viable in the



state of New Jersey and will not only create a means of cost-reduction but an
investment opportunity. By capitalizing on its policy strengths and addressing
some of its shortcomings, New Jersey will enhance the financial viability of solar
photovoltaic installations, bringing the state closer to its Renewable Portfolio

Standard resulting in the end goal, environmental and energy security benefits.
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