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ABSTRACT
Does the coincidence of high hourly energy prices and
peak PV output improve the economics of PV
installations? Could PV facilitate the wider use of
hourly real-time pricing (RTP)? Such questions were
explored by a team under contract to the New York
City Economic Development Corporation. This article
summarizes the findings of a larger publicly-available
report.1
The team analyzed hourly solar production data from
PV systems in the New York City area, hourly electric
load data from buildings in New York City, and
hourly market pricing from the New York
Independent System Operator (NYISO). Using the
local utility‟s hourly pricing tariff (called Rider M)
and a combination of public and private databases, the
team modeled the hypothetical impacts (both positive
and negative) of RTP on the total projected cost of
electricity for each building, both with and without PV
systems. A parallel model of “business-as-usual”
electric rate economics was conducted for the PV
systems and buildings, and compared to the RTP
scenarios.
The results were graphed on 3-dimensional charts
containing hourly PV output, interval electric load
data and hourly pricing, shown for a full year to
visually portray the payoffs and risks. The results
demonstrate both the need for a nuanced application of
RTP and an opportunity for improved rate design that
could better support applications of solar PV.

INTRODUCTION
This study set out to assess the validity of the
following statement: “the coincidence of high electric
prices and peak solar electric photovoltaic (PV) output
1

The full report of the study is available on the
internet at www.brightpower.biz/NYCEDCreport

can improve the economics of PV installations, and
can also facilitate the wider use of hourly pricing.” To
evaluate the cost-effectiveness of solar electricity
under an hourly pricing scenario, the following data
sources, all from calendar year 2007, were used:
hourly solar production data from PV systems around
New York City, hourly electric load data from
buildings within New York City, and hourly and
standard pricing information from Con Edison and the
New York Independent System Operator (NYISO).

METHODOLOGY AND SCOPE
Hourly PV system output data were taken from
remotely monitored solar arrays at four locations
within 70 miles of New York City: two public schools
in Kearny, New Jersey, approximately 7 miles west of
the City; a riverside warehouse complex, also in
Kearny; a high school in Rockland County,
approximately 25 miles north of the city; and an office
building in Fairfield, Connecticut, approximately 63
miles northeast of the city. These 4 “representative”
systems were selected for having the most complete
2007 data from among 10 PV systems for which some
hourly data were gathered, and include a range of
different PV components and system orientations.
Hourly electric load data were taken from six different
buildings: two industrial buildings, two multifamily
apartment buildings and two private office buildings.
Data on these buildings came from a publicly available
NYSERDA2 database, from an advanced metering
company3, and from interval meters installed in the
office buildings.
Day-Ahead Market Location-Based Marginal Pricing
(DAM-LBMP) data from the New York Independent
System Operator (NYISO) together with Con Edison
Rider M tariff information was used to calculate the
monetary costs and savings under hourly scenarios.
2
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The Con Edison RTP tariff contains a monthly
demand charge that is insensitive to solar output and
relatively insensitive to time-of-day. Standard Tariff
Pricing was calculated from tariff rates published
under Con Edison PSC Nos. 4, 8, and 9. - Electric
(Full Service)4. The Con Edison Standard Tariff was
defined in this study as Rate I of each service
classification. The report also includes an analysis of
curtailment benefits, and the impact of available

Figure 1. Solar PV – Hourly Electric Output

incentives on the cost of PV systems.
Solar production data and building load data were not
taken from the same buildings; no building in NYC
was identified that had both hourly PV and hourly
electric load data available for all of 2007. PV
production and hourly load data were analyzed and
correlated as if the PV systems were mounted on the
buildings for which hourly load data were available.
The PV output data obtained from monitored systems

Figure 2. Building - Hourly Electric Consumption

Figure 3. Hourly Price vs. Standard Tariffs ($/kWh), 2007.
4

Con Ed rates and tariffs can be found at:
http://www.coned.com/rates/
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was first scaled to reflect the projected output from an
appropriately sized system for each building, based on
the building‟s roof area. This scaled PV output data
were then combined with electric load data to calculate
the effect of a PV system on the amount of power that
would have been purchased by a particular building.
This approach does not reduce the accuracy of the data
or the final pricing assessment. Actual PV system
production is independent of building usage, and
impacts on pricing are neutral as long as a building is
eligible for net metering and the solar system is
correctly sized (all buildings selected for this study are
eligible for net metering). The effect of PV on a single
building‟s load data were also analyzed on a mix-andmatch basis, using different PV system types,
configurations, and orientations.
PV output and building load vary over time
In order to evaluate the hourly and seasonal
performance of each solar PV system, its hourly kWh
production was plotted hourly for all of 2007 (see
sample in Figure 1). Building load was plotted in a
similar manner (see sample in Figure 2). These
graphs were used to help analyze hourly correlations
and potential impacts of PV output on building load.
Calculating electricity costs on RTP versus
standard tariff scenarios, with and without PV
The average price of energy is generally lower under
hourly pricing (RTP), but it is also more volatile (see
Figure 3). Through „smart‟ meters, average RTP is
sensitive to a user‟s hourly load profile, while standard
tariffs are not.
Before addressing the value of solar, the costs of
electricity for each building without solar were
calculated under both standard and RTP rate
structures, using a spreadsheet model of each rate.
These results were compared with actual bills, where
available, to ensure accuracy of the rate model.
The solar PV systems for the buildings in this study
met three criteria that made estimating the value of
solar generated electricity relatively straightforward;
they (a) were sized to produce less than building load,
(b) qualify for net metering5, and (c) generate less

electricity than total building consumption over an
annual period.
The first step in evaluating the value of PV system
electricity was to estimate the hourly energy output
(kWh) of a PV system for each building. This was
accomplished by calculating a PV performance factor
(kWh/kW, or kWh per kW of rated DC output of the
solar array) for each hour of the year. Hourly solar
electricity generation for the hypothetical PV system
on each building was calculated by multiplying the
estimated solar array size, based on availabe roof area,
by the hourly PV performance factor (kWh/kW).
Consider an industrial building with an available roof
area that allows for an 80 kW PV system. The annual
normalized hourly solar output (kWh/kW) was scaled
up by a factor of 80.
The hourly PV system output was subtracted from the
hourly building load profile to obtain the predicted
building load profile after accounting for PV
electricity production. The electric tariff was then
applied to this load profile to obtain the electricity cost
with PV. Subtracting this result from the hourly
electricity cost without PV yields the energy cost
reduction generated by the integration of a solar PV
system under a given utility tariff (e.g. standard or
real-time pricing). The value of a PV system for a
given building under a given rate is presented as the
annual electric utility bill cost savings attributable to
the installation of a PV system.
Economic Evaluation
For purposes of this study, the cost for PV systems was
estimated to be $10 per DC Watt of installed capacity.6
A 50 kW system would then have an installed cost of
$500,000.7 Since the installed costs of PV systems are
intrinsically tied to government incentives, the value
of incentives was included in the analysis. However,
since incentives change often, available incentives in
2009 were used, rather than historical incentives from
2007.
For 2009, the available incentives for PV systems in
New York City included:
6

5

Net metering is important to allow a building to sell
power back to the utility at the full retail price during
those hours when the building produces more
electricity than it uses. All buildings in this study use
more electricity than what is produced by the solar PV
system on an annual basis.

In reality there are often economies of scale: larger
PV systems are able to capture a lower price. This
study does not take such economies into account.
There are a number of other site-specific cost factors
which would further affect the price.
7
This is intended only to give a very rough estimate of
installed costs. Actual costs may vary on site-specific
conditions, market-based factors, etc.
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The economic effects of real-time
pricing were evaluated by
comparing the annual economic
value under hourly and standard
pricing schemes. The benefits
were calculated in terms of:
 Annual dollar value of
PV generated electricity
 Simple payback
 Net Present Value
(NPV)10

RESULTS
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Key conclusions that emerge
from this analysis are:
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1.

There is a Correlation
Between Hourly Electricity
Price and Solar Electric
Generation.

Figure 4 shows that under RTP,
when the price of energy is high,
0.04
solar PV production tends to be
0.05
high; when the price of energy is
0.02
low, PV production is low. As
0
0.00
the real-time price of electricity
Hourly Data Sorted by Highest Standard Tariff $/kWh (all 8,760 hours of 2007)
reflects the demand across the
entire electricity grid, Figure 4
Figure 5. Standard Price of Electricity and Normalized Solar PV Production (50
shows that PV production is
hour moving average)
well-correlated with the times of
higher grid-wide demand. Figure 5 shows that the
Federal incentives
same correlation is not present under a standard Con
 Energy Investment Tax Credit8, 30% of
Edison tariff.
the cost of the installed solar system
2. a. Solar generated electricity is generally more
 MACRS Accelerated Depreciation 9
valuable under Con Edison’s hourly pricing
tariff.
State & Local incentives
 NYSERDA Cash Incentive
0.06

0.10

8

Note, the Federal Investment Tax Credit may also be
taken as a Grant, which has tax consequences on the
remaining incentives
9
Modified Accelerated Cost Recovery System

10

NPV is calculated over a 25 year period and with an
annual 3% rate of energy price inflation under both
pricing schemes
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buildings would see an electricity cost decrease by
switching to hourly pricing, while the multifamily and
office buildings would see a substantial cost increase

b. But, the overall cost of electricity is often
higher under Con Edison’s hourly pricing
tariff than under a standard Con Edison tariff.

Table 1. Value of PV and Building Electricity Cost under Standard Tariff and Hourly Tariff
Building
Type

ID #
Std.
B1 $20,948
B2 $10,915
B3
$1,588
B4
$1,982
B5 $18,429
B6
$2,272

Industrial
Multifamily
Office

Value of PV
(Annual $ Savings)
Hourly
Diff
$19,661 -$1,287
$11,221
$306
$1,778
$190
$2,179
$197
$20,176
$1,747
$2,458
$186

% Diff
-6%
3%
11%
9%
9%
8%

Building Electricity Cost
(Annual $ Cost)
Std.
Hourly
Diff
% Diff
$291,461
$277,081 -$14,381
-5%
$300,870
$285,045 -$15,825
-5%
$182,823
$191,425
$8,602
5%
$288,139
$299,830
$11,691
4%
$5,226,816 $5,530,157 $303,341
6%
$2,045,505 $2,219,808 $174,303
8%

$0.25
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Figure 6. Value of Solar PV by component of electric bill for Standard Tariff (Std.) and Hourly Pricing
that more than outweighs any additional solar value
The cost of electricity was calculated for each of six
from hourly pricing.
buildings under the applicable Con Edison standard
tariff, as well as under Rider M, Con Edison‟s hourly
pricing tariff, both with and without solar. The value
3. a. A building’s load profile plays a significant
of solar PV output for a building is the difference in
role in determining the value of solar PV
electricity cost with and without solar. Table 1 shows
output under available standard and hourly
the percent difference in the value of solar (a positive
tariffs.
number indicates increased value under hourly
pricing), where B1–B6 indicate the six buildings
b. Solar PV’s ability to save on demand
analyzed in the study.
charges is less consistent than its ability to save
The result, as seen in Table 1 and Figure 6, is that
hourly pricing adds value for solar in five of the six
tested buildings. However, hourly pricing would result
in a significantly higher overall electric bill for four
out of the six analyzed buildings. The two industrial

on energy charges.
Figure 6 shows the value of solar PV output for all six
buildings under the available standard and hourly Con
Edison tariffs. It is clear that, under either tariff, the
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value of solar electricity can vary substantially
based on building use.

peak demand cut

A large electric bill can be divided into two
primary components – energy ($/kWh) and
demand ($/kW). It is the values of the demand
components that fluctuate the most between
buildings and between standard and hourly kW
tariffs (see blue bars in Figure 6). The demand
value of solar is dependent on the coincidence
of PV generation with building peak loads. It
only takes a single non-sunny but high-use halfhour period in a month to erase any solar
demand savings for an entire month. Figure 7
displays the peak demand setting day for two
buildings analyzed in the study. Building B2 is
an industrial building with a mid-day peak, and
no demand
shows fairly strong solar demand savings.
reduction at this
Building B4 is a multifamily building with a
peak
peak in the evening, when the sun is not strong,
so solar demand savings are minimal.
The conclusion of Figures 6 and 7 is that the kW
actual value of solar electricity under either
standard or hourly rates varies widely, and that
this variation is primarily attributable to the
demand portion of the electric bill. Thus, if
there is a desire to compensate solar electricity
equitably across buildings, it might be logical to
base solar electric compensation on energy
Hour of Peak Demand Setting Day
production (kWh) rather than savings to a
building‟s peak demand (kW). These findings
are consistent with a Lawrence Berkeley Figure 7. Peak Demand Day Profiles for August 2007. Scale is
adjusted to illustrate peak load reduction
National Labs study, which found that an
electricity rate that limits demand-based
 State PV cash incentive (often referred to as a
charges provides the most value to PV systems across
“rebate”) from NYSERDA
a wide array of circumstances.11
 New York City property tax abatement for
35% of system cost over 4 years.

Industrial bldg.

Apt. Bldg.

4.

Government incentives typically have a much
greater effect on the payback and costeffectiveness of solar PV than changing from
the standard rate to the available hourly rate.

At the time of this study, the incentives for solar PV in
New York City were higher than ever before for the
“right” customer. These incentives included:

11



Federal 30% investment tax credit or grant.



Federal accelerated depreciation (MACRS)

Wiser, Ryan et.al. “The Impact of Retail Rate
Structures on the Economics of Commercial PV
systems in California.” Lawrence Berkeley National
Lab. July 2007.

It is important to understand that many electric
customers are not able to make use of all incentives.
The incentives take up to six years to accrue and many
are contingent on the tax appetite of the building and
building owner. Also, the different incentives have
complicated tax consequences on each other, and
many are available for only a limited time.
If, however, a building owner were able to allocate the
required cash or credit towards purchase of a solar PV
system, and could take all of the incentives available
in 2009, the payback of PV would have been less than
five years, as shown in Table 2.
Table 2. Payback of Solar PV Installation Costs for
Analyzed Building
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Building Type
Industrial
Multifamily
Office

ID #
B1
B2
B3
B3**
B4
B5
B6

Simple Payback Period
Std
Hourly
3.1 Yrs
3.2 Yrs
3.3 Yrs
3.3 Yrs
3.2 Yrs
3.2 Yrs
33.8 Yrs
31.0 Yrs
3.3 Yrs
3.3 Yrs
3.2 Yrs
3.1 Yrs
3.0 Yrs
2.9 Yrs

Table 2 also shows that the economic payback for PV
would occur in less time under RTP than under a
standard tariff for five of the six analyzed buildings.
Notice that B3**, an affordable housing building
assumed to be owned by a non-profit that is ineligible
for two of the four tax-based incentives, would realize
a much longer payback in both scenarios. This
indicates the great sensitivity of PV economics to the
ability of a particular building to access particular
incentives.

added value often does not translate to savings on the
PV system owner‟s electric bill. As shown in this and
other studies, tariffs with little to no demand charges
can increase the consistency of the value of PV. A
Feed-in Tariff would provide a higher retail rate for
PV on the basis of energy ($/kWh), not demand
($/kW). The retail rate for Solar PV under a Feed-in
Tariff could be structured to reflect the increased value
of solar energy in both monetary terms and in terms of
the other societal benefits it provides.12
4.

Mandate building load and PV system
monitoring
The City could also mandate and/or strongly
incentivize the installation of building load monitoring
and PV monitoring systems to conduct more detailed
research and allow for a transition to RTP or other rate
structures for PV in the future.
5.

Recommendations
1. Reduce Demand Weight of RTP Tariff
Since solar PV systems are more consistent at saving
energy than at reducing an individual building‟s
demand, a tariff that allows an electric utility to
recoup costs with increased real-time energy rates and
decreased demand rates would benefit solar PV
economics. Doing so would reward PV system owners
for generating power at times of greater grid-wide
demand while not penalizing them if their particular
building peak load profiles do not match up perfectly
with the electricity production of their PV systems.
Under Con Edison‟s hourly pricing tariff Rider M, the
demand charges are high compared to energy charges.
Parties interested in changing the tariff structure
might consider working with the Public Service
Commission and Con Edison to structure an RTP
tariff with a lower demand component.
2. Narrow the Time-of-Day Demand Window
Solar PV would be more likely to show significant
demand savings if the time-of-day demand window
were more narrow. Demand charges under the
analyzed RTP rate were based on the the peak demand
in three windows: 8AM to 6PM, 8AM to 10PM and at
all hours. A more narrow window of 8AM to 4PM or
even 10AM to 2PM would be more likely to benefit
solar PV.
3. Feed-in Tariff
One of the key findings of this study is that PV
produces power when it is most valuable, but that the

Other means to isolate benefit of PV

In order to realize true real-time value of solar PV
output, it is important that electric customers have
real-time pricing structures that are compelling to
them. The “two-part RTP tariff” (regulated) or a
“block and index” ESCO contract (unregulated) are
possible rate structures that might be more compelling
to a solar owner than the existing Con Edison Rider M
tariff. In either of these cases, the customer purchases
a portion of their electricity at a fixed rate and a
portion at an hourly price. These pricing structures
offer the stability of a fixed price contract while also
allowing PV to capture increased value under hourly
pricing. Two-part RTP tariffs have existed for a
decade or more through utilities such as Georgia
Power, but as of the writing of this report are not
available through Con Edison. Block and index tariffs
are already common for large facilities purchasing
through a third-party supplier (ESCO).
A Note on Solar Incentives
Rate design should be undertaken with care to ensure
that it is clear and well-understood by potential
customers. Since PV is a long-term investment, with a
design system life of 40 years or more, ensuring the
long-term stability of any special PV electric rates is of
the utmost importance. Many models have been tried
globally to incentivize PV; the most successful have
stable structures and incentive levels that make PV an
attractive long-term investment.
12

This might include improved air quality, energy
security, grid reliability, and a number of other factors.
537

Fourth National Conference of IBPSA-USA
New York City, New York
August 11 – 13, 2010

SimBuild
2010

CONCLUSION
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This paper has addressed the issue of whether the
coincidence of high hourly electric energy prices and
peak solar electric photovoltaic (PV) output can
improve the economics of PV installations relative to
standard tariff pricing, and can also facilitate the
wider use of hourly pricing.
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The short answer is that it depends on the shape of a
building‟s hourly load profile and the details of the
RTP tariff.
Applying hourly pricing may increase or decrease
PV‟s value. But, in four of six studied cases, it caused
overall electric bills to rise. Such a result would
discourage electricity customers from switching to
hourly pricing, merely to improve the economics of
PV.
There are ways, however, to secure the best of both
worlds: a higher value for PV-generated electricity
more closely corresponding to the real-time value of
that electricity and stable electric bills for the building.
These include block and index pricing or two-part
RTP tariffs where they are available from the utility.
Nonetheless, the bottom line for PV is that the
structure and value of government incentives play a
larger role in determining the value of PV than does
the utility tariff.
Limitations to the Analysis
It should also be noted that sub-hourly (e.g., 15
minute) building load data would allow a more
accurate level of analysis regarding the cost of demand
in this study. For this study, peak electric demand was
calculated as the peak hour consumption during the
billing period. In actuality, Con Edison peak electric
demand is defined as the “integrated demand”
occurring during the two highest consecutive 15minute intervals in a billing period. Given the critical
role that demand plays in the cost-benefit analysis of
RTP, a follow on study using 15 minute data could
substantially increase the level of accuracy of this
report.
The findings of this report can only be treated as case
studies. In order to draw statistically significant
conclusions, a study of many more buildings would
need to be conducted. Although interesting
conclusions can be drawn from the analysis in this
report, in many ways, the authors view this study as a
first step in understanding the benefit of Real Time
Pricing to Solar PV systems.

We are also grateful to Fat Spaniel Technologies for
providing the hourly load data for this study. Fat
Spaniel is one of the foremost providers of solar
monitoring solutions and without their technology, the
quality of solar data of the quality in this report would
not have been possible.
We would like to thank Intech 21, NYSERDA, and
two private office buildings for the hourly data used in
this study.
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