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This paper examines current efforts to assess the economic viability of photovoltaics (PV) from a de-
mand-side management (DSM) perspective. The benefits associated with dispatchable peak shaving
PV DSM systems are discussed along with recent modelling efforts. Preliminary analysis, conducted
at the Center for Energy and Environmental Policy (CEEP) together with Delmarva Power and
Light, indicates that PV is closer to cost effectiveness, when assessed as a DSM option, than previ-
ously thought. PV DSM systems under investigation by CEEP include rooftop, non-dispatchable PV
DSM and the integration of PV arrays and storage to provide dispatchable peak shaving capabil-
ities. Analysis to date, on five case study utilities, shows that PV DSM systems can offer substantial
value to utilities and their customers. Several policy options for promoting PV DSM are described
along with a unique utility—customer partnership for the purpose of purchasing PV DSM systems.
Keywords: Photovoltaics; Demand-side management (DSM); Economic analysis

The availability of solar energy in several parts of the USA
appears to correlate well with the types of days on which
summer peaking utilities experience their highest demand
(Perez et al, 1993). Summer peak loads tend to be driven by
air conditioning requirements on long, hot sunny days, pre-
cisely the time when high solar insolation is also available.
As a result, the effect of rooftop photovoltaic (PV) demand-
side management (DSM)! systems on building load curves
looks very much like a high efficiency heating, ventilation
and air conditioning (HVAC) system upgrade (Wenger et
al, 1992). DSM programmes that reduce a utility’s peak de-
mand, like high efficiency HVAC DSM programmes, tend
to have higher value to utilities than other utility DSM pro-

IBecause PV in a peak shaving role is similar to (and will have to compete
with) conventional DSM technologies such as direct load control of elec-
trical equipment or HVAC efficiency upgrades, we will use the term PV
DSM to represent the application.
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grammes (Byrne et al, 1992). It is this high value PV oppor-
tunity that is modelled and evaluated below.

The economics of PV DSM

PV DSM systems can have both energy value (ie the sys-
tem’s ability to save energy) and capacity value (in the form
of coincident peak demand reduction). The energy value
credited to a PV DSM system is a function of the PV array’s
size and efficiency, and the availability of the solar resource.
By producing energy on sunny days, rooftop systems can
directly displace at least a portion of a building’s needs
from the utility.

Coincident peak demand savings from the deployment of
PV DSM systems depend on the type of system used. A
PV only system, in which storage is not included, would
achieve demand reductions based on the output of the sys-
tem at the time that the utility or the building is experiencing
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Figure 1 Utility system peak load, solar insolation and ambient temperature: 29 July
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aRange of solar insolation at 1:00 pm (DST) = 830 — 1100 W/m2,

Source: Center for Energy and Environmental Policy and Institute of Energy Conversion,
University of Delaware; Delmarva Power, Summer 1993 PV-DSM Test Results.

peak demand. Equation (1) describes how to calculate the
demand reduction value of a PV only (or, as we will refer to
it here, non-dispatchable) system.

kW, = kW* — kW, ¢))

where
kW, = demand reduction of PV DSM system

kw* utility/building peak demand
kW,,* = PV output at time of utility/building peak

I

While probability estimates of £/, can be made, neither the
building owner nor the utility can be certain of the capacity
value offered by a non-dispatchable system in any given
year.

A second complicating factor is that while building or
utility peak demand may often occur on days with abundant
solar insolation, the time of day when peak demand is ex-
perienced may not be the same as when maximum solar in-
solation is available. Figure 1 shows the relationship
between system peak loads and average solar insolation and
ambient temperatures for the month during which Del-
marva Power and Light Company experienced its 1992
summer peak (Delmarva is an east coast US utility serving
electricity customers in the states of Delaware, Maryland
and Virginia). This diagram illustrates that Delmarva Power
and Light’s system load typically peaks between 4.00 pm
-~ and 6.00 pm, several hours later than solar noon (or 1.00
pm, daylight savings time) when the peak output of the PV
array occurs.

A PV DSM system equipped with modest amounts of
storage could provide greater peak shaving benefits to util-
ities and building owners. Dispatchable PV DSM systems
(ie ones that include storage) can maximize the power
which can be made available during a utility’s or building’s
peak demand period. Moreover, dispatchable PV DSM has
the advantage of creating firm peak shaving capabilities.
The concept of an integrated dispatchable PV DSM system
design is illustrated in Figure 2. :

For any given array size and module efficiency, the en-
ergy value of a dispatchable PV DSM system would be
equal to the credit given to a non-dispatchable system, ex-
cept for minor losses associated with a dispatchable sys-
tem’s round trip battery efficiency. However, peak demand
reduction capability of the non-dispatchable and dispatch-
able systems would be quite different. The owner of a dis-
patchable system would have control over the number of
hours and time of day the system would be deployed for
peak shaving purposes, and could reliably expect a capacity
value equivalent to at least the storage value of the system.
Additionally, the system would be credited with the same
peak reduction value given to the non-dispatchable system,
based on array output at time of peak. Thus, dispatchable
systems would always have higher capacity values and, as
well, have reliability benefits unavailable to non-dispatch-
able systems. Equation (2) provides the calculation for esti-
mating the demand reduction value of a dispatchable PV
DSM system:

kWr =kW* — (kva* + kaat*) (2)
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Figure 2 Conceptual drawing of a PV DSM system?

aBattery charging can be accomplished either by using array output, during the morning hours of
low demand, or off-peak charging via the grid when rates are lowest. A dispatchable system
capable of charging in both modes has been designed and tested by Delmarva Power and Light

under a US Department of Energy contract.

Source: Center for Energy and Environmental Policy and Institute of Energy Conversion,

University of Delaware; Delmarva Power.

where

kW, = demand reduction of PV DSM system

kw* utility/building peak demand

kW,,” = PV output at time of utility/building peak demand

kW, = battery bank output (net of round trip losses) at
time of utility/building peak demand

The kW, term represents the battery bank’s output at the
time the utility or building is experiencing its peak demand
and is a function of the size of the battery bank and the
number of dispatch hours.

An alternative to dispatchable PV DSM would be a bat-
tery only system. Such a system would utilize off-peak,
" base load generating units to charge a bank of batteries. The
stored energy (minus round trip losses) would then be
available for peak load dispatch. A present value revenue
requirement (PVRR) analysis was performed to investigate
the cost-effectiveness of battery only systems relative to
dispatchable PV DSM systems. This analysis was per-
formed based on three commercial building rate structures
found in the USA that include demand charges in US$/kW
and energy charges in US¢/kWh: below average (US$100/
kW-yr and US¢3.0/kWh), average (US$158/kW-yr and
US¢3.6/kWh), and above average (US$200/kW-yr and
US¢6.0/kWh). For the average rates scenario, the PVRR’s
of the battery only system and the PV DSM system were
approximately equal. For the above average rates scenario,
however, the PV DSM system has a lower PVRR. The prin-
cipal reasons why PV DSM performs well in comparison to

battery only systems are: (1) battery systems must purchase
energy, a portion of which is forfeited to round trip losses
(in contrast, fuel costs for PV are zero); and (2) the PV
array, as well as its battery unit, supply energy at the time
of dispatch and, therefore, the size of the battery bank is
considerably smaller for the PV DSM application than for
the battery only option (Byrne et al, 1993). In addition, dis-
patchable PV DSM is an environmentally superior option
to a battery only system because it has no adverse air qual-
ity or related health impacts. )

Economic modelling of PV DSM systems

To conduct an economic analysis of PV DSM, we have de-
veloped a spreadsheet model that estimates benefits and
costs associated with both non-dispatchable and dispatch-
able systems. This model utilizes a large amount of data to
simulate the performance of a PV DSM system and to eval-
uate its cost effectiveness, based on accepted DSM ac-
counting procedures employed by utilities in the USA.
Case studies have been prepared for five diverse US util-
ities: Niagara Mohawk Power Corporation (NMPC), The
City of Austin Electric (AUSTIN), Sacramento Municipal
Utility District (SMUD), Delmarva Power and Light
(DP&L), and an east coast urban utility (ECUU).2 Table 1
provides a summary of key characteristics of each utility,
while Figure 3 shows the geographical distribution of these
utilities.

2This participating utility has requested that it remains anonymous.
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Table 1 Selected utility characteristics

DP&L

NMPC» ECUU SMUD- AUSTIN
Peak demand charge (US$/kW) 11 13 43 9 13
Peak energy charge (US¢/kWh) 5.7 4.0 6.8 59 2.8
Peak demand (MW) 6159 2736 7804 2145 1615

aWinter peaking; all others are summer peaking.

Source: Center for Energy and Environmental Policy, University of Delaware.

PV DSM system performance

Our spreadsheet model was used to estimate the perform-
ance of a PV DSM system with an expected 25-year life in
the service territories of all five utilities. The system in-
cludes a PV array rated at 10 kW, and a battery bank with
storage capacities varying according to the average solar in-
solation in each utility’s service territory (ranging from
48 kWhs to 88 kWhs). Hourly AC output of the PV array
was simulated for one day in each of the 12 months resem-
bling the typical day on which the utility experiences its

SMUD

monthly peak demand.3 A typical meteorological year .
(TMY) data file was obtained for the major city located in
the service territory of each utility. These data files are
compiled by the US Department of Commerce’s National
Oceanic and Atmospheric Administration and represent a
‘typical’ year of weather for each location based on a 30-
year data record.

3In the model, it is possible to evaluate the economics of PV DSM on
either building or utility peak. But for the purposes of exposition, we
focus here on the case of utility load peak shaving.

NMPC

ECUU
DP&L

Austin @

SMUD Sacramento Municipal Utility District

NMPC Niagara Mohawk Power Corporation

DP&L Delmarva Power & Light

ECUU East Coast Urban Utlity

o Center for Energy and Environmental Policy

Figure 3 PV-DSM case study utilities




Table 2 Credited capacity for a 10 kW PV DSM system (kW)
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NMPC2 DP&L ECUU SMUD AUSTIN
Non-dispatchable 0.7 43 44 32 4.9
Dispatchable 4.5 14.9 12.2 17.2 153
aWinter peaking; all others are summer peaking.
Source: Center for Energy and Environmental Policy, University of Delaware.
Global horizontal irradiance (a measure of solar energy) Table 3 Financial inputs: customer .

was obtained from the TMY file and adjusted to plain of Unit Value
array (POA) insolation values using site latitude and array Customer average income tax rate (%) 38.50
angle. To maximize the system performance during the  Customer debt ratio (%) 100

hs. th 1 latitud . Customer discount rate (%) 12
summer mpnt s,_t ¢ array angle was set. at latitude minus Customer loan period (Years) 10
15°. POA insolation, DC conversion efficiency and ambient Customer evaluation period (Years) 25

temperature (obtained from the TMY file) were used in an
algorithm found within the model to simulate hourly PV
AC output. Although the model uses a simplified algorithm
for simulating PV production, the estimates are very close
to other PV simulation models that perform more complex
calculations using additional parameters including ground
albedo and wind speed.4

Once the energy values of the PV DSM system are es-
timated, the model aggregates the monthly energy produc-
tion to an annual value, and performs a monthly load
matching analysis. For dispatchable PV DSM systems, the
model proceeds to estimate the battery storage needs.
Hourly PV AC output is used to estimate monthly peak de-
mand reductions. The model performs these calculations
for either a non-dispatchable or dispatchable PV DSM sys-
tem. To perform this analysis, an hourly utility system or
building load profile is required for the peak day of each
month.

For non-dispatchable systems, the peak demand reduc-
tion equals the PV DSM system’s output at the time of day
when the utility is experiencing peak demand, as illustrated
in Equation (1). Demand reduction for a dispatchable sys-
tem equals the PV array’s output plus the energy released
from storage during the dispatch period (Equation (2)). A
four-hour dispatch requirement was assumed and dispatch
hours were set based on the time of day the utility’s system
peak occurs. For both types of system, load matching ana-
lyses are conducted for each month of the year. Table 2 lists
the credited capacities for the five case study utilities under
investigation. These values equal the peak demand reduc-
tions, averaged over the utility’s three peak months, from
the operation of the PV DSM system.

Economic analysis of five case study utilities
The PV DSM system performance data are utilized in the

spreadsheet, along with a variety of financial parameters
(see Tables 3—6), to complete a present value analysis of

4For example, comparisons of the spreadsheet estimates with those of PV-
FORM, a commonly used software for this purpose, showed maximum
differences of less than 3% for the case study utilities.

Customer loan rate (%) 12

Customer depreciation life (Years) 5
Table 4 Financial inputs: utility (IOUs) ‘

NMPC DP&L ECUU
Utility average income tax rate (%) 35 38.50 38.50
Utility debt ratio (%) 50 50 48
Utility pre-tax return on equity (%) 16.9 11.75 9.79
Utility interest on debt (%) 8.13 8.75 7.40

Table 5 Financial inputs: utility (municipals)

SMUD AUSTIN
Utility average income tax rate (%) 0 0
Utility debt ratio (%) 50 50
Utility pre-tax return on equity (%) 11.75 7.00

Utility interest on debt (%) 8.75 7.0

system costs and benefits. Benefit-cost ratios are calculated
from both a utility and customer perspective. An installed
array cost of US$7500 per kilowatt is assumed (including
PV modules and all balance of system components). An in-
stalled battery storage costs of US$200 per kilowatt hour is

Table 6 Technical inputs: PV system

Unit Value
Equipment book life (Years) 25
Installed battery cost (US$/kWh) 200
PV equipment tax life (Years) 10
Installed capital cost (US$/kWh) 7500
Inspection and adjustment cost (Us$) 250
Inspection frequency (Years) 1
PCS overhaul costs (US$) 500
PCS overhaul frequency (Years) 5
Battery replacement cost (US$/kWh) 150
Battery replacement frequency (Years) 7
Maintenance contingency cost (USS) 250
Maintenance frequency (Years) 1
O&M cost escalation rate (%) 4.50
PV array size (m?) 105
DC conversion efficiency PTC (%) 10.24
AC conversion efficiency PTC (%) 9.53
Battery round trip efficiency (%) 75
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Table 7 PV DSM investment options: benefit/cost ratio comparisons

NMPCs DP&L ECUU SMUD AUSTIN
Non-dispatchable
Utility owned 0.40 0.48 0.51 na na
Customer owned 0.61 0.63 0.74 0.62 0.63
Dispatchable
Utility owned 0.41 0.66 0.52 na na
Customer owned 0.69 0.76 0.98 0.73 0.75

aWinter peaking; all others are summer peaking; na: these are muncipal utilities, therefore, the methods for estimating benefits and costs are different from
those of investor owned utilities. Currently, methods are being refined to allow for meaningful comparisons.

Source: Center for Energy and Environmental Policy, University of Delaware.

also assumed. Operating and maintenance (O&M) costs are
set at US$500 annually for adjustments, maintenance, or
any other unforeseen costs that may arise. In addition,
US$500 every five years is factored into O&M expenses for
overhauling the power conditioning unit. Batteries are re-
placed at a cost of US$150 per kilowatt hour every seven
years. All O&M expenses are escalated by an inflation rate
of 4.5% and discounted to their present value using each
utility’s discount rate (typically, this rate is based on the
utility’s average weighted costs of capital — see Kahn, 1988)
or a commercial customer’s discount rate depending on the
ownership of the system.

For a utility customer investing in a PV DSM system, a
primary benefit is the potential bill savings resulting from
the operation of the system. It is assumed for the analysis re-
ported here that a large commercial customer would under-
take the investment in PV DSM. Furthermore, it is assumed
that the customer experiences peak loads coincident with the
utility’s system load (ie PV output is compared to system
load data to estimate peak shaving potential). Each parti-
cipating utility provided their retail rate for large commer-
cial customers. These rates include both a demand charge
(US$/kW) and an energy charge (US¢/kWh) which may
vary based on the time of day or month of the year. The
spreadsheet model allows for these types of variation when
estimating potential bill savings from the operation of a PV
DSM system. The choice of discount rate for a commercial
customer involves many factors. We have used in this ana-
lysis a rate of 12%, which represents a reasonable proxy
for a typical US commercial customer’s cost of capital.

In addition to bill savings, customers that invest in a PV
DSM system also receive certain tax benefits. Current US
tax policy permits a customer to deduct from their income
equipment depreciation on a double declining balance basis
(we used a double declining method over five years), as
well as the interest incurred on a loan and O&M expenses.
Equation (3) provides the calculations for estimating the an-
nual net tax benefit.

NTB = CIT* (DP + ID + OM — BS) 3)
where
NTB = annual net tax benefit

CIT = customer marginal income tax rate

DP = annual depreciation
ID = annual interest on debt
OM = annual O&M expenses
BS = annual bill savings

Customers investing in PV DSM are also eligible in the US
for a 10% tax credit for the purchase of renewable energy
systems. These tax savings increase the attractiveness of an
investment in PV DSM and are, therefore, treated as a com-
ponent of the benefits stream.

The main benefit for a utility that invests in PV DSM is
its avoided cost resulting from the operation of the system.
Utility avoided costs include two components: avoided ca-
pacity and avoided energy costs. Equation (4) describes the
calculation of annual avoided costs.

UAC = (kW,,* ACC) + [(kWh,,* ULL) * AEC] @
where

UAC = annual utility avoided cost

kW, = credited capacity of PV DSM system
ACC = utility avoided capacity cost
kWh,, = annual PV system output

ULL = utility line losses
AEC = utility avoided energy cost i

Avoided capacity cost is based on the credited capacity of
the system and a US$/kW value which represents the util-
ity’s marginal cost of additional capacity. Often US utilities
use the cost of a combined cycle gas fired combustion tur-
bine for this purpose. This type of generation unit is widely
used to meet peak power requirements.

An avoided energy cost is usually stated in US¢/kWh
and represents the cost savings that arise from the opera-
tion of the PV DSM system. If a gas fired combustion tur-
bine is considered the avoided unit, the cost of natural gas,
and any variable O&M, comprise the avoided energy cost.
This value is multiplied by the annual kilowatt hour produc-
tion of the PV DSM system to obtain the annual avoided
energy cost. A fuel price forecast supplied by each utility is
used to obtain this value for the 25 years that the system is
in operation.

The effective cost of installing the PV DSM system for
the utility is reduced on the basis of the utility’s ability to






