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Abstract: While the majority of electricity generated in the United States comes from fossil fuels such as coal and natural gas, a
comparatively small amount comes from renewable sources such as solar and hydropower. As global environmental issues become
greater concern, more generation may need to come from renewable sources. One often-mentioned alternative is residential solar pho
voltaic (PV) systems, which could be an especially attractive source of energy in the southwestern United States, where high amounts ¢
solar radiation are available. In this paper, we compare the life-cycle costs of current solar photovoltaic technology in Arizona versus New
York to highlight the relevant issues related to the economic and environmental renewable energy decision-making process. We find the
solar PV systems alone are currently inferior to grid electricity across a wide range of scenarios, including prospective technology
improvements. Net metering with PV systems, where customers sell solar electricity to the grid and buy back their demand, may be
competitive given real-time electricity pricing. Using PV systems in remote systems looks to be a viable alternative.
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Introduction natives on the market that provide examples of successful

Electricity services are essential to maintaining today’s daily liv- implementation are wind farms, solar cells, nuclear, biontaks
ing standards and to prolonging vital economic activities world- cohol fuels, wood and waste combustiohydropower, and geo-
wide. The United States relies mainly on the consumption of fos- thermal energy. Beyond generation and transmission, conserva-
sil fuels to produce electricity: 71% of the electricity generated tion is an important component of the portfolio of electricity
and 86% of the total energy consumed in the United States comeS€VICeS. . _ _
from fossil fuels, with 20% of the remaining electricity generation 1 he objective of this paper is to evaluate one of the alternative
obtained from nuclear generatof®OE 2003a,h A growing technologies currently available in the market to generate
economy with an increasing demand for energy and rolling black- electricity—solar photovoltaics(PVs). We will apply a net
outs in California in 2000 and 2001 have drawn attention to elec- Présent value and equivalent annual net cost approach to evaluate
tricity issues nationwide. Transmission constraints are further the economic implications of installing and using a fixed solar
confounding the ability to provide sufficient quantities of electric- €Nergy system to provide electricity to a typical household in
ity to certain regiongDOE 2002. Regional transmission prob- ~ Phoenix, Arizona, and to one in Albany, New York. These two
lems can be solved either by building more transmission lines or Citi€s are chosen in order to evaluate the economic feasibility of
by siting more generation in areas with transmission constraints.USing solar energy for electricity generation in regions of the
Both options attempt to match electricity supply with demand. Unlte_d_ Stgtes that are obvious as weII_ as less ObVIOL.lS locations
The generation of electricity is a capital- and energy-intensive for L{tlllzgtlon qf solar resources. In addition, some envwonmgntal
process that needs to be carefully planned and executed over timemplications will be commented upon as part of the conclusions.
Electricity generation is also the primary source of air pollution NOte that most electricity consumption data are at the state level,
and greenhouse gas emissiéB®A 2003a,h Alternatives to fos- SO these cases will be representative of Arizona and New York
sil fuels should be considered at the same time as potential greenfather than of the specific cities. Similar work has been done for
house gas emissions targets are considered. Currently, the altef€ommercial PV installationgHerig et al. 1998
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the rotational axis of the Earth shifts to lengthen or shorten days. Table 1. Monthly Solar Radiation for Flat-Plated Fixed Collectors
As an example, the daily amount of solar enefgy kWh) per Facing South at Fixed TilfNontracking

square meter in Phoenix can be 1.5 to 2 times greater than in Solar radiation(kWhin?/day)

Albany (NREL 2003. June(the month with the longest days

generally is the highest solar radiation month in the northern MoNth Phoenix Albany
hemisphere. In the premier solar resource areas of the UnitedJanuary 3.2 1.8
States the average annual solar radiation exceeds-8/kwday. February 4.3 2.6
The PV array should be positioned based on the amount of sunMarch 55 3.6
striking the modulege.g., fixed in an optimal position, or with a  April 7.1 4.7
system that tracks the sun throughout the)ddy addition, PV May 8.0 5.5
systems produce direct curref@C), so it is necessary to install  june 8.4 6.0
an inverter to change direct into alternating curr@t) for com- July 7.6 6.1
patibility with most household systems and appliances. Such aaugust 71 5.2
system also requires the use of a secondary power source to mainseptember 6.1 4.1
tain the power in case of unexpected sunlight blockage or power gcigper 4.9 2.8
outage. November 3.6 1.7
In this paper, we consider the implementation of currently pacember 30 14

available PV modules—due to their ability to be fixed on roofs of Note: Source is NREI2003
houses—and not tracking systems, which could lead to aesthetic ' '
or land-use concerns. At present, these modules are each approxi-

mately 2<1 m in size. We assume the modules are attached 10 g|ative noncloudy months as this value varies significantly, even
houses such that they are facing south at a fixed ilt of 0°, as if 3cross noncloudy months. As an example, the monthly solar ra-
placed on a flat roof. To minimize cost, we design the systems gjation values for modules placed on a flat surface relative to the
based on assumed average solar radiation for noncloudy monthsground(that is, zero tilt in Phoenix and Albany are provided in
Table 1(NREL 2003. These values have a listed uncertainty of
9%. Note that solar radiation data are also provided for modules
Costs of Photovoltaic Technology installed at a tilt equal to the latitude of the sifer example, 33°
for Phoenix and 43° for Albarnyand at tilts of+=15° from lati-
In the consumer retail market, the average price for emerging tude. However, the average annual solar radiations are at most
solar PV cells at the end of 2003 is approximately $4.50/Wp 15% greater with any of these nonzero tilt configurations. In prac-
(Watt-pealk while the overall average is about $6/WolarBuzz  tice, if installed on top of houses they would inherit the existing
2003. A Watt-peak unit represents the maximum amount of elec- tilt of the roof. Houses in Phoenix tend to have flatter roofs than
tricity a module is able to providghus a 100 Wp unit would cost  Albany, but since the variance in solar radiation rates due to ftilt
approximately $450 Most of the modules in the SolarBuzz are small, we ignore these differences.
sample were in the 100 Wp range, which is typical in residential  Phoenix is chosen as a case study because it is in the south-
installations. western United States, with high levels of solar radiation and also

The average household spent $75 on electri¢fyr 877 in a geographical area with a fast-growing suburban population.
kW-h) per month in 200XDOE 2003d. The amount of electric-  Albany was chosen because it is representative of the northeastern
ity per household is expected to increase in the short run. Theunited States, with a large population base but not known for
U.S. Department of EnergiDOE) offers two main reasons that  high solar radiation levels. The combination of these two city case
would explain this increase(l) Residential building in the  studies will represent near extremes of the range of residences in
warmer climate areas of the United States, where most newthe United States but is not meant explicitly to assume the best-
homes require central air conditioning, is increasing; @anore and worst-case sites for solar PV installations.
consumer electronics and electric appliances such as personal Sijzing a system for the maximum June solar radiation rate
computers, dishwashers, and clothes washers and dryers will bevould minimize the number of modules and undersupply electric-
used. In addition, newer homes across the country are on averag@y most of the year, requiring additional grid electricity pur-
larger than existing homes, therefore requiring more ené#gy  chases. For example, in Phoenix the average monthly solar radia-
ther for heating or cooling and lightingeven with the use of  tion in June is 8.4 kWh/m?/day for fixed(nontracking flat-plate
more efficient equipmerDOE 2004. modules, yet only 6 kWh/n?/day in March and Septembéal-

With these facts in mind, we considered the economic cost- most 30% less Phoenix also has 81% noncloudy days during the
effectiveness of grid-connected residences in two U.S. cities, year(NOAA 2003). As a simplifying assumption, we assume that
given current technology as well as local factors such as amountthe system would operate exclusively for 10 months of the year
of solar radiation, electricity price, and electricity consumption. (that is, 80% of the daysand take electricity from the grid for 2

months. We assume the 10 months considered in the system de-

sign would be the months with the highest solar radiation rates,
Solar Photovoltaic System Design Issues and design the system using the average of those months’ rates.

The highest solar rates are centered in the summer months, when
While a solar PV system is designed with consideration of the the electricity is also otherwise the most expensive.
amount of solar radiation available, the system will need to oper-  As shown in Table 1, the lowest solar radiation months for
ate under a range of climatic conditions, that is, given the amount Phoenix are December and January. The average of the remaining
of available sunny or partly cloudy daythat is, noncloudy days 10 months is a best-case 6.3 kih¥/day, and this is the value of
where the system would be able to operate. We design a generasolar radiation that would be used in an initial estimate of the
system based on the average of the solar radiation values of thesystem design. Note that the worst-case average over any 10-
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Table 2. Key Assumptions in Model Cases Table 3. Summary of Model Cash Flowgostg for Phoenix and

Assumptions Phoenix Albany Albany

Annual average electricity use per 12,892 6,532 Year Phoenix Albany Comment
householdkWh) (DOE 2003d 0 $56,700 $35,841 Upfront costs from Eq(1)
Average solar radiation for system 6.3 5.3 1-20 $180 $460 Yearly grid electricity purchases
design(Table 1) 7 $11,300 $5,700  First battery replacement

Grid electricity cost($/kW-h) (DOE 2003d $0.083 $0.14 14 $9,570 $4,850 Second battery replacement
Number of months of grid electricity 2 6

tion and compare it to the yearly cost of buying electricity from
the grid. Finding the EANC is a useful method for annualizing
NPVs and can be done by dividing the NPV by the annuity factor,
in this case P|U, 5%, and 20), or about 12.5.

Table 4 shows that it is marginally more cost-effective to have
a solar module system in Albany than in Phoenix. This only
NREL (2002 provides a guide for designing solar PV sys- means that the EANC is closer to the alternative grid electricity

nPayment and does not support a positive NPV. The main reasons

tems given solar radiation values and average electricity use. | . SR ) .
short, the total cost depends on local equipment, the daily house-Pehind this finding are that the increased cooling needs of the

hold electricity (E) used in Watt-hours, the percef®) of the average Phoenix household demand a higher electricity load for

electricity to be provided by solar, and the amount of solar radia- 1€ Year, requiring marginally more modules to be neeex

tion (S) available[see Eq(1) below]. We assume daily electricity ~ "US costing more up fropt Note that 34 modules would be

demand can be estimated by dividing annual demand by 365. needed_ in Albany an_d_57 in Phoem)_(. In addition, the relat|ve_ly
We assume the following initialyear Q costs for all installa- ~ |OW Price of electricity in Phoenix acts as an economic

tions (NREL 2002a,b, SolarBuzz 20D3wiring/labor for batter- disincentive—Arizona’s average 12,892 kk\Vof electric_ity in
ies, $2,500; module support structure for roof, $1,000; combiner Albany would cost $1,800 per year. Note that both options have

boxes/charge controls, $2,000; module installation, $2,000; n_egative NPVs and thus represent a cost premium for solar elec-
controller/switchboard, $150: and delivery, $250. The sum of ticity of $3,000 to $5,000 per yeaor about $0.45 to $0.60/

these items is $7,900. In addition, three other cost items occur:kW'h)'
first, an inverter, which costs $0.85/{8olarBuzz 2008and will
last 20 years; second, the solar modules, assumed to cost $4.50/ o . )
Wp. (SolarBuzz 2008 and finally, batteriesfor storage in case ~ Sensitivity Analysis and New Scenarios
of solar unavailability, which are assumed to cost $150/kWh . .
(NREL 2002a. We assume that periodic maintenance can be done The numbers above depend on a variety of assumptions, the most
by homeowners and is negligible. important being the amount of household electricity to be pro-
From NREL (20028, Eq. (1) estimates upfront costs, includ- V|de_d by solar_and Fhe_ _amount of so_lar radlatlor) used as the
ing terms for the fixed equipment costs, inverter, batteries, and design constraint. Significant economic cost savings could be
modules. Eq(1) assumes 2.5 days of battery storage, a current achleve_d_by improving both categones. For example, as is shqwn
market average of 120 Wp for modules at $4.50/\M$540/ above, it is not currently economical to support 100% of electric-
module, and a coefficient of system inefficiency of 1.2. We en- Ity demand with battery storage for the average residence via
sure a whole numberounded up of modules will be used. solar modules. Lower EANCs could be achieved either by reduc-
ing the PV system capacity while buying more electricity from
$7,900+ ($0.85< P)E/S+(2.5X$150E the grid or by installing smaller PV systems, for example, on
residences where significant energy efficiency or conservation
techniques have already been applied.

month period is 5.3 k\Wh/m?/day. Conversely, Albany has 50%
noncloudy daysNOAA 2003, so we assume the solar PV system
could be used 6 months, April-September, with an average solar
radiation rate of 5.3 k\h/m?/day, and use grid electricity the
remaining months. Note that in neither case do we adjust for
monthly fluctuations in electricity consumption.

+($540<m1.2 E(P/S)/120 1)

The net present valuNPV) of the system can be found by Considering deployment of solar PV systems in already-
considering Eq(1) for up-front costs and yearly grid electricity  efficient homes is reasonable because it is likely that the types of
costs as well as replacement of storage batteries over time. Theconsumers interested in solar technology are already incorporat-
current expected lifetime of solar PV modules is assumed to be 20ing more energy-conscious practices. Thus we considered a best
years, and for lead-acid batteries used for power storage in PVcase of implementing solar PV technology at residences in Phoe-
projects, about 7 yeafdNREL 2002a. Table 2 summarizes the nix and Albany where households are already consuming 30%
key assumptions needed for the 2 cases. Grid electricity would less electricity than the average household in the state, and where
cost $120 per year in Phoenix and $460 in Albany. We assumethe PV system is designed around the highest monthly solar ra-
that batteries are replaced twice, in years 7 and 14, and that batdiation rate(June. In this case, the EANC for Albany is reduced
tery prices decrease 15% over each 7-year period. We then findto $3,100 and for Phoenix to $4,400. Even in this more ideal case,
the discounted cash flow for each city over a 20-year period at athe Albany system has a lower price premium over grid electric-
5% discount rate. Summary cash flows for Phoenix and Albany ity: the costs per kilowatt-hour are only slightly lower—about 45
for the base case above are presented in Table 3. The NPV for theents. Designing for a house using 50% less electricity than av-
Phoenix option is—=$72,000 and for Albany is-$48,000. erage and with June solar radiation would result in a cost of

Neither of the NPVs above is overly helpful in making a de- $2,700 per year in Albany and $4,000 in Phoenix. Table 4 sum-
cision or in comparing the solar PV system against simply buying marizes these scenarios.

electricity from the grid in either city. To facilitate this compari-
son, we find the equivalent annual net c@SANC) of each op-

Note that most current solar marketing docume(its ex-
ample, online calculator toglsecommend designing the PV sys-
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Table 4. Comparative Financials for Base Case in Phoenix and Albany

Financial results Phoenix Albany
Annual 100% grid electricity cogDOE 2003d $1,069 $918
Scenario 1: base case—no conservation, average solar radiation

EANC of solar PV system $5,800 $3,900

Cost premium for sola($/yeap $4,700 $3,000

System electricity cosi$/kWh) $0.45 $0.60
Scenario 2: 30% conservation, June solar radiation

EANC of solar PV system $4,400 $3,100
Scenario 3: 50% conservation, June solar radiation

EANC of solar PV system $4,000 $2,700
Scenario: first prospective technology

EANC of solar PV system $2,100 $1,700
Scenario: second prospective technology

EANC of solar PV system $1,300 $1,200

Note: PV=photovoltaic; EANG=equivalent annual net cost.

tem based on the maximufdune solar radiation rate. This has at a price of $100 per modulg0.50 per Wp, 1 day of battery

the desirable effect of reducing the initial installation cost by re- storage, and $5(@er kW-h) of batteries that last 20 years. In this
ducing the number of modules neededd thus making the tech-  case, the system would cost the same as grid electricity in Arizona
nology somewhat more financially attractivieut also creates a  and would still cost $200 more per year than grid electricity in
side effect—the system is generally unable to produce enoughNew York.

electricity in non-June month®r causes more use of the battery

storage systejnThis would then require additional grid electric-

ity to be purchased. While we did not adjust for this loss in the Net Metering

calculation above, it would increase the EANC of each system.

Note that Arizona has a state tax credit for solar installations, While battery storage is attractive to maximize the value of gen-
but it is currently limited to $1,000. New York also has a credit, erating solar electricity, it also adds significantly to initial and
with a maximum of $3,750. Given the 20-year time horizon of the periodic costs. Many areas in the United States are able to support
PV projects presented, the EANC values would only decrease bynet metering, where the residence’s electricity meter literally runs
$100 to $300, which would not change the decisions compared tobackwards as excess locally generated electricity is provided to
grid electricity. the grid. Note that this is generally possible with existing meters.

The cases above present a pessimistic view of residential solaif net metering were fully integrated with a PV system, then you
installations as of 2003. While technology is sure to improve could operate without local battery storage—and effectively use
system efficiencies and reduce costs, it would take breakthroughthe grid as the storage source. One downside of this alternative
technology to make the above systems cost-effective. As men-from an environmental standpoint is that the electricity used from
tioned above, no single assumed chafagtial sensitivity analy- the grid is not generally from solar sources.
sig) can drive the system to be comparable in cost to the current  Table 5 summarizes the results of three net metering case stud-
grid. This is a result of the system requiring both modules and ies, assuming negligible net metering costs and avoiding battery
batteries for normal use. Thus, greatly improving module technol- and charge controller purchases. In Net Metering Ca@s|iva-
ogy with marginal battery technology improvements cannot alone lent to the base case of Table 4 but without batteries, charge
solve the problentor vice versa controllers, etg, net metering would still be about $2,000 more

A first prospective technology scenario, with highly aggressive expensive per year. In Net Metering Casé3®% conservation
changes to assumptiofiB0% of average electricity consumption, compared to Case)lthe cost premium is reduced to $1,000—
system inefficiency coefficient of 1, 240 Wp per module, $2/Wp $1,500 per year. Note that while a significant number of residen-

per module, 1-day battery storage, battery cost of $75F\V¥0- tial net metering projects do not yet exist, there would likely be
year battery lifetimg would still generate an EANC of $800 to  some nonnegligible initial and recurring costs for such a system.
$1,000 more than the grid cost in Albany or Phoenix. One final model scenario fully considers the benefit of net

A second prospective technology scenario can be seen withmetering as opposed to simply removing battery storage. If the
extreme conservatior(50% less electricity consumption per PV system is designed for the maximum solar radiation rate dur-
house, system inefficiency coefficient of 1, 240 Wp per module ing the noncloudy months, then it is likely that substantial

Table 5. Costs of Residential Solar Photovoltaics Systems with Net Metering

Case 1(100% Case 2(70%) Case 3(70%, no grid
Costs Phoenix Albany Phoenix Albany Phoenix Albany
EANC $3,500 $2,600 $2,600 $2,000 $2,000 $1,500
Cost premium($) $2,400 $1,700 $1,500 $1,100 $900 $600
System cost$/kW-h) $0.27 $0.40 $0.20 $0.31 $0.15 $0.23

Note: EANC=equivalent annual net cost.
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Table 6. Break-Even Analysis for Solar Photovoltaic Net Metering Remote Systems

System

Analysis Phoenix Albany The primary niche market for PV ;qlar power is in areas where
— : there is poor access to the electricity grid, that is, in remote or

Percent of household electricity supplied 25% 26% rural areas. Presumably residences built in these areas could be

Price per Watt-peak $1.4 $1.5 designed specifically for a solar electricity source, with roofs at

the optimal angle, and so on. However, these same residences
would need to be designed with substantial battery storage as
tthere would be no grid backup.

We considered an adaptation of the best-case values above for
remote locations in New York or Arizona. Thus these residences
already had 30% less electricity consumption than average houses
in the state, but were designed with the lower monthly average
solar radiation values to ensure production. We further assumed
10 days of battery storage. The New York NPV wa$80,000
and Arizona —$140,000. Thus these systems would be cost-
To try to estimate the effects of this grid sell-back via net effective only where grid _connection costs were in_ the hundreds

eof thousands of dollars. Since the costs of connecting to the near-

metering, we thus assume a Net Metering Case 3 that is otherwis . ) ) ;
equal to Case 2, but for which June solar radiation is used and notSt grid point can range from $15,000 to $50,000/mile, depending

net grid electricity would be purchased due to the negative offsets " terre_un, these systems could be ql.me feasiblREL 1997,
created by selling excess electricity onto the grid. In short, this is €V€N With current technology assumptions.

an investment analysis with only up-front costs and no recurring
costs. Case 3 is about $600 to $900 more costly per year than
pure grid electricity—still a significant cost premium. Table 5 also
shows that while the cost per kilowatt-hour is much lower for net \yile many sources have promoted solar as a free source of

metering, even in the best case it is roughly double the current yreen energy, other studies have discounted the green qualities of
grid electricity costs. . _solar PV electricity. In short, there are considerable impacts from

~ Net metering generally measures only the electricity flowing {he manufacturéand disposalof the photovoltaic cells—similar

in and out of the residence and the grid, and no relative financial 14 the impacts of producing semiconductéFdlman 1995; Pacca
value of the electricity flow is associated with it. If real-time 54 Horvath 200R These manufacturing impacts are often for-

pricing effects were considered for residential custonte®ere  ytten when considering the beneficial use-phase energy impacts
prices are actually higher during the day than at night to match ¢4, offsetting fossil-fueled grid production.

peak demand periogissignificant savings might be achieved be- However, the use of PVs causes a relative offset of grid elec-

cause the peak solar times would be in the middle of the day. yicjty in the area near the location. Table 7 estimates the yearly
Thus this electricity mostly would be sent to the grid instead of ¢mnissions of nitrogen oxides (NID sulfur dioxide (SQ), and

consum_ed on sitébecause most customers WOU|d not bg at hom_e carbon dioxide (CQ) in Phoenix(zip code 85001Lor Albany (zip
at the time, and so there would be a relative economic benefit code 12201 from 100% grid electricity by using the EPA

from producing and selling peak power versus consuming off- £ GRID Power ProfilefEPA 20034 Table 7 also estimates the
peak power in the morning and evening. No data were available yqjar-per-ton costs of emissions avoided for the basic PV sys-
to show the solar energy production and electricity consumption tems(found by taking the EANCs of the first three scenarios of
values for a typical residence along with real-time residential 15pe 4 and the net metering systentfound by taking the
prices. However, as the net metering e>_(a_1mple above showed, thg=anCs from Table 5 and dividing separately by the three pol-
effective cost per kilowatt-hour of electricity produced was down | ants. Note that these values are one to two orders of magnitude
to about double the grid cost, and thus significant peak and off- yigher than the range of external cost values used in the scientific
peak price differentials could make the system nearly break even.;, g policy literature for air pollutani®/atthews and Lave 2000

One of the primary benefits from net metering comes from p;5 the environmental benefits come at a comparatively high
removing the batteries from the system. This also makes a hypo-.,qt

thetical analysis of technology more feasible. As Net Metering ¢ he environmental impacts of fossil-fired generation were
Case 3 showed, there is only a $600 to $900 annual premiumincqrporated into electricity prices, the solar option would be
required of an ideal net metering system in Phoenix or Albany. — more attractive. Adding these external air pollution costs could
Eq. (1) wnhout the costs of batteries and _charge controllers aise the effective cost of electricity by as much as 95%
shows an estimate of the NPV for Net Metering Case 3. When (\jatthews and Lave 2000Arizona’s local grid electricity mix is
considered over the range of annual dem&®®$00 to 15,500 i highly dependent on fossil fuels, with a large amount from
KW-h per household per yeaand solar radiation value® to 7 ¢oa|fired production. Even modest solar house deployments
KW-h/nf/day), it can be shown that many areas of the United o1 have negligible impact on the electricity generation assets

States would have similarly small annual net costs compared t0naeded in either state. Thus any generation mix chafegestheir
grid electricity, given the average U.S. electricity bill of about 5qsqciated environmental impacse not considered.
$1,000 and a system sized for 70% of average demand.

Table 6 shows the break-even values needed individually in
the estimates above for the solar PV systems to have EANC val-Discussion
ues equal to the grid prices. In other words, the system would
have to be sized for only 25 to 26% of demand, or the price per The annual cost of the grid-connected PV system in some of the
Watt-peak of the panels would need to decrease to $1.4 to $1.5.examined cases is 5 to 6 times higher than the cost of usage of the

amounts of excess electricity could still be generated that was no
being used on site—especially in months of the year without ex-
treme temperatures that lead to significant HVAC costs. Since the
system is designed for the average electricity (without sub-
stantial peak considerationsthere likely will be times during
daylight hours where a significant amount of electricity would be
produced and given back to the grid only to be offset with some
purchases later in the day.

Environmental Impacts of Photovoltaic Systems
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Table 7. Cost-Effectiveness of Solar Photovoltaic Net Metering Acknowledgments

Systems
Estimates Arizona New York The writers thank William Recker for financial support and the
2 o lree anonymous reviewss for el encouagng and hef
Sulfur dioxide (Ib) 30 36 , p paper.
Carbon dioxideg(lb) 20,010 6,000
Net metering scenarios Ref

NO, cost($1,000 s/ton $100-$200 $310-$1,100 eferences

SO, cost($1,000 s/tohn $130-$290 $90-$300 o taics: hnol o

CO, cost($/ton) $200—$420 $500—$1,800 Green, M. A.(2000. “Photovoltaics: Technology overview.Energy

Policy, 28(1), 989—-998.

Full PV system scenarios Herig, C., Perez, R., and Wenger, 1998. “Commercial buildings and

NO, cost($1,000 s/ton $220-$330 $1,100-$1,600 PV, a natural match.NREL Brochure DOE/GO-1998 NREGolden,
SO, cost($1,000 s/top $320-$470 $300-$430 Colo.
CO, cost($/ton) $470-$700 $1,800-%$2,600 Matthews, H. S., and Lave, L. B2000. “Applications of environmental

valuation for determining externality costsEnviron. Sci. Technol.,
34(8), 1390—1395.
National Oceanic and Atmospheric AdministratigNOAA). (2003.
“National Climatic Data Center, Cloudiness-mean number of days.”
grid. The reasons are the large installation cost and the periodic Washington, D.C.(http://www.ncdc.noaa.gov/oa/climate/online/ccd/
replacement of batteries and even of the entire system in 20 years. cldy.htm) (December 3, 2003
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