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ABSTRACT

Rapid market growth for customer-sited photovoltacs
(C3PV) iz the ditect result of new policy, program and
tatiff related incentives developed by a variety of energy
industry stakeholders. In past publications [1],[2], the
authots investigated the geographical distribution of the
econotic feasihility of customer-owned commercial PV
systems in the T3 to assess the commercial market value.
The matket value iz presented as a breakeven turn-key cost
(BTC) by analyzing the installed and operating costs
telative to incentives, energy savings and externality walues
ovet the ife of the system.

This paper provides an updated snapshot of the commercial
BTC walues for the U3, Included it the paper are:

o Current federal state and local policies, programs and
tariffs (production incentives)

e & fiered map of commercial BT C walues.

e Bepresentative commercial BTC, in a chart for 50 states
plus DC, with stacked walues of policy, energy, and
externalities.

o & chart indicating the additional value of local
government and utility policies.

The paper provides a measure of both the market walue for
industty targeting and the potertial for incentives to affect
market growth,

INTRODUTCTION
Energy industry stakeholders have responded to a seres of
economic and political pressures in the past decade. First
restructuting, then the western energy crisis, and more
recently energy security have caused all stakeholders to
conzider extended energy values and choices. Utilities have
developed customer policies and tanffs, federal state and
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local policies have emerged, and the building industey has
embraced distributed generation. Photovoltaics, the most
modular and market accessible distributed generator
realized a rapid market increasze in customer sited
photovoltaie (T3P V) applications as a result. T3 installed
capacity of grid connected C3PY systems has doubled in
the past two years. CEPV systems participating in the
Californis Energy Commission incentive programs
accourted for nearly 12 MW in 2002 of the estimated 22
LW of grid conmected PV installed.

The commercial CEPV matket sector economics are
influenced by the wide variety of available rate structures,
federal incentives, building integrated PY wvalues (BIPV),
building energy management/CEPV interface, emergency
values, and envvitorumental values, in addition to emerging
incentives. To measure the market walue, a geographic
distribution of the commercial CEPV breakewven tusn-key
cost (BTC) iz developed. Datlet potential is high when the
installed price of the system is approximate to o less than
the BTC. The objectives of the state-by-stae BTC analysis
are to:

& Tdentify high-value markets for the industry to target.

& [lustrate the value of incentives to consumers and
therefore the potertial for consumers to participate in
polcy.

& Tabulate and monitor commercial incentives.

The information is targeted for use by the PY
matmfacturing industry, federal state, and local
govettunents, as well as wtilities considering renewable
energy policy. The information is not appropriate for use
by consumers making investment decisions. States and
matmfacturers have developed software specifically for



consumer investment decisions, such as the Clean Power
Estimator [3].

20APPROACH

The breakewen turnkey cost represents the installed turnkey
cost of a PY system that a representative comimercial
consumer i each state could pay for the system and neither
make not lose money--but rather break even--over the life
of the system. Itis the market hurdle wvalue. The
assumptions used it the analysis include the following:

* & C3PV system has a 30-year service life.

& & C3PV system is financed by a commercial loan at 6%
fior 10 years (buy-downs and grants were subtracted from
the financed cost), unless other financing is available as
notedin Table 1. The loan’s interest is a deductible
expense on federal income tax. A 34% tax bracket is
assumed.

o Orver 150 rate tariffs were analyzed for the largest utilities
i each state. The database of rates available in The
Policy/ IWatket Evaluation Tool [4]. This allowed CIPV
geterating profiles to be acourately priced according to
uzage ters, time-ofiuse periods, demand ratchets and net
metering policies. The electricity price is not escalated
over time.

& Operation and maintenance costs are included at a rate of
1g/EWh,

& The discourt rate is equal to the loan intere st rate.

The BT is caleulated by forcing the net presert value of
the benefits (energy savings, tax savings, and buy-downs of
grants) and costs (down payment, loan payment, and O&M,
utility bill tax effects) to zero by varying the installed cost.
The BTC is calewlated on a per KWW basis. A representative
BTC walue was selected for each state including only
incentives available statewide. The impact of local and
utility specific incentives is presented separately from the
state-by-state BTC walues.

2.1 Incentives

&1 BTC caleulations inchaded the federal 10% tax credit
for commercial CAPV systems as well as the accelerated
depreciation allowance, including the extra 30% i the first
yeat of service. A snapshot of stae, local and utility-hased
incentives ate presented by state in Table 1 [3]. These
icentives cortiniously change, including multiple changes
dutitiz the petiod of titme spent on this analysis. The
Database of State Incentives for Renewable Energy
(D=ETRE) [2] showld be consulted for curent information
and details concerning the application of incentives.
DEIRE includes Federal State, local, and utility incentives.
Incentive types include:

o Taxcredits ocour at the end of the first year of service,

and are a fall value ditect reduction of the commercial
husitiess tax bill.

Tax deductions add to the expense deduction of the
taxable revenue and therefore have a value equal to the
tax rate.

Met metering, allows full retail walue for all energy
produced by the CEPV system including any energy the
may flow hack to the utility distribution grid during low
consumet load seasons of times of day. Some net
metering iz actually net billing in that the wtility pays for
the excess energy produces by the C3PV at the avoided
cost. (1.e. Arizona)

Sales and Property tax exemptions exempt consumers
from sales tax for the system and increases in property
values and associated taves as a result of the C3PV
systemn (does not effect the analysis, because of instafled
cost hasis).

By downs and grants reduce the net cost of the system
atid ocour in the first year of service. These incentives
often inchade mazimum limits based on $EW, ¥ of
installed cost andfor maximuam dollar amount.
Production incentives are an antual payment for the
ettergy (KW produced by the system. These incentive
payments are made for the first 2-10 years of system
operation. The Bonneville Envvitonmental Foundation
production incentive is a purchaze of the “green tag™ or
etrvironmental value of the energy produced. The
Chelary, W Public Ttility District and the Energy Coop
i PA are purchases of the energy walue of the KWh,

Al incentives are available in some geographic region of
the U3, Incentives available to only a local segment of a
state are highlighted and have been analyzed separately.

2.2 Commerrcial Rate Structures

The values of energy, @0, and demand, $/5W-mnth
havwe ditect effect onthe BTC matrket walue, but mote
impottantly is the rate sthucture. Maty comimetcial rate
structures are disincentives [6] for CEPV and energy
efficiency. A1 types of rate structures were included in the
analysis, with the exception of inclining tiered rates (not
available). The most comumon rate stractures inchade:

& Time-offuge (TOU) rates, which vary according to the

time of day the consumption occurs. Bince high demand
atid therefore high cost of energy typically ocours during
the middle of the day, when C3PV iz generating the most,
this rate structare can benefit PV, The exception is when
the TOU rate iz so tuch lower than the general service
rate that the savings resulting from CAPV are alzo lower
thaty if the consuther were on the general setvice rate
iritially.
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Tahle 1 Notes

(L) Local govertuments are granted authority to offer
property tax exemptions

(@) Offered by select wtilities, e.g, ComEd territory inIL;
LG&E and KT territory in KLY

Y Available from some TV A distribution utilities (300W-
S0EA), new, no participating utilities yet

b 230K, decreasing $0.20/ months beginning T/102;
$ SOW_50% for self zen program for=30KW

CFor PV manufactured in LA, §4. 50 watt $10I_T5% if
matmifactured outside LA State rebates decline over tithe.
4C0ORE 3un Power Pioneer Program, for Holy Cross
Energy or Aspen Mundeipal Electric custotmer; half up
front, the rest after 2 years.

1 Mew, must he Connecticut Light & Power or United

Myminating customer. 3% pavment wo font, 23%,
payment afier Lyr,

f Local vendor — highest of $4 per watt or 30%; non-local
vendor — highest of §2 per watt or 13% of total installed
cost;, $50K cap could be waived

EFor green hldgs: 20% of the incremental cost for BIPV,
25% of incremental cost for non-EIPY; 10-y. Catryover

h 70% after 30 days of successfiul operation, 30% paid
gquartetly production at a rate of $0.384Wh of electrical
output

U ¥eel Eneray sustomers 2003, sl MN grid-connectsd
electricity eligible starting 2004

I Can’t combine with irvvestment tax credit

E Grant is subject to advisory committee evaluation.

UOU territory (NYSERDA), BIPV 70% incr. costs, for
new hldes only

B Credit it 5 equal installments, cannot exceed 0% of tax
liahility, catty over allowed for the next 5 succeeding vears.
B Interest rate hiprdown iz good for 5 years, although loan
repayment terms wary by participating bank, for loans §3K-
F500K.

® Taken over five years: 10% 1% and 2 wrs | then 5% for
each year thereafter; 8 year canyover

P For compaties with 300 employees or less than §3.5
million it artsal gross sales of receipts

2100% from taxable capital or 10% from income

Wz 1.50 first year; 1. 21 for the 4102 - 33103 period
because amount depends on # of green pricing patticipants.

* 31O avadlable from some municipal utilities

* Demand and TOU-demand rates are the most common
commercial rate. A demand rate bills for KW demand on
a monthly basis as well a5 energy use. A TOU-demand
rate has varying KW-mnth charges according to petiod of
titne the demandis set.

o Demand ratchets include a KW-month demand charge in
the rate set by the highest demand incurred in the last 12
months. I some cases the ratchet sets a minimum
petcent of the demand charge for the following twelve
months o the full demand charge is set as the minimom

last highest demand charge. Customers installing PV
havwe to wait out the ratchet petiod before demand savings
CAr OCCUE

¢ Declining tiered rates are a holdowver from a period when
etergy was abundant and customers were encouraged to
use mote energy, but they commonly. The energy charge
declines in ineremental usage blocks. The CEPV energy
savings is valued at the highest usage tier, or the tier with
the least walue. For instatice several rates were analyzed
mPA AZ, and NI, where all savings were from the
lowest price tier. The energy rate at this tier was 7-16
W les s than the highest, low usage tier. Alternatively
i MC, the usage block on the first tier was set so high
that all savings were it the highest price tier.

2.3 Externalities
Four externality walues were included in the analysis.

e Building Integrated PV replacement or efficiency walue.
PV systems may replace building materials such as
glazing or stone siding at values of $1.50-$ 504 [2]. PV
integrated into window awnings and insulating roofing
tiles can dectease building energy usage. A conservative
value of increasing PV energy savings of 209 was
inchuded.

s Emergency Value is [2], $40/ KW based on a
conservative estimate of building insurance credits.

& Jolar load control integration with the building’s energy
matiagement systems was inchaded at 209 of the PV
systems demand savings., Solar load control is typieally
accomplished by setting back demand on air conditioning
loads in tesponse to changes in PV system generation.

s Environmental walues were included from the 1999
residential CEPV analysis [7], caleulated using the
average solar resource converted to KWh produced per
KW installed, multiplied times the average state emissions
for NOE 30 and C0OZ. Thiz was notincluded az a
value when Green tag purchases were patt of the
incentive base.

The values included inn the BTC are all tangible walues, with
the one exception of environmental. Comimercial
husitesses also realize benefits such as PR from
etrvitorurental stewardship and a degree of energy
independence. Additionally, the assumptions included in

the externalities were extremely conservative especially for
the BIPV and 3LC wvalues.

3J0RESULTS

The tmap in Figure 1 shows the geographie distribution of
BTC walues for the T3, With installed commercial system
prices across the U3 ranging from $7 to $127%W, there are
four states in the high value market (HY, MA, C& and
N, four states with strong market walue (M1, WI, HI, and
T and



Fig 1 State BTC Map
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Emerging Markets (34W to $6.99/W)
[ Significant Inceniives Needed (= $4/W)

eight additional states (IL, ME, AZ, BI, DE, HM, OR, and
CT) with near term market potential

value in the state, but rather a selected representative value,
It the top ranking states, the largest market
diver iz policy, and typically an array of
policies (multiple federal and state incentives).
The exception is Maine, for which the market
deiver iz the result of high energy costs.

Figure 3 shows the market walue contributions
of local incentives. The local incentives are
highlighted it Table 1. This is only a sample of
local incentives. hlaty soandcipal utilities in
California offer buy downs.

Ilany of the local incentives are production
incentives, which add substantially to the market
value. These incentives range from 0.15to 1.50
AW spread out over a mamber of years.

40 CONCLUSIONS

The market walues have increased substantialty

gitice 1999 Oinly three states, C&, HI and NV
had BTC walues above §3/W in 1999, The 2003 snapshot
tesults with 12 states sbowe this threshold and the
etmergenice of local and utility specific policies adding five
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Fig 2: 50 3tates plus District of Columbia BETC

The relative value components of the BTC s for the fifty

states atd the District of Columbia are presented in Figure
2. The walues graphed are neither the highest nor the lowest

local area BT abowe the $5 per watt level. Most of these
markets are a result of an array of incentives. Commercial
rates i the T3 are not favorable to CEPY values with only
afew exceptions
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Policy iz the main market deiver, seconded by rates. The
next largest market deiver will be building integration or
Fig. 3 Impact of Local Incentives
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conservative assumptions. The Internet based tool used for
the analysiz, The HREL Policy and MMarket Evaluation T ool
[4], now iticludes BIPY wahies, such az 3LC and efficiency
i addition to the rate databaze and shility to evaluate
icentives.
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