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Executive Summary

Executive Summary
The United States has over 4,000 megawatts (MW) of solar photovoltaics (PV) connected to
the grid, with the pace of new installations accelerating as the price continues to fall. There
has never been a better opportunity for Americans to generate their own electricity on-site
nor such a challenge to the electricity system paradigm and for its policy makers and
regulators. The greatest challenge is to prepare: although only 0.1% of electricity is
generated by solar power in 2012; within a decade, unsubsidized solar power will be at
parity with retail electricity prices in most of the United States and more than 35 million
buildings may be generating their own solar electricity.
Solar parity begins in areas with strong sun and high
electricity prices. In some places (like Hawaii) that has
already occurred. In several parts of the country, e.g.
southern California, New York, parity is just around the
corner.
Commercial solar represents a third of the total
installed base for solar PV and it has grown faster and
the price has fallen more rapidly (by nearly 30% in two
years) than for residential solar.1 Meanwhile, retail
electricity prices have risen by 3% per year in the past
decade.2

COMMERCIAL SOLAR
We define commercial solar
as rooftop installations
ranging from 100 kilowatts
(kW) to 1 megawatt (MW),
and our economic analysis
conservatively focuses on
projects of 100 kW.

Until now, the solar energy boom has largely been
driven by federal tax incentives and state-based incentives. But incentive policies will also
need to change to accommodate the uneven geographic distribution of unsubsidized solar
at price parity.
Furthermore, almost all attention on solar power has been focused on cost, but industry,
utilities, and policy makers need to begin addressing significant non-cost barriers that will
become prominent as parity arrives.

Key Findings
• Falling solar costs will result in 33,000 MW of unsubsidized commercial rooftop solar
achieving price parity by 2016, enough to meet 2.7% of commercial electricity demand.
• Falling solar costs mean 122,000 MW of unsubsidized commercial rooftop solar will
be at price parity by 2022, enough to meet 10% of commercial electricity demand.
• Although commercial solar is growing faster, unsubsidized residential solar has a
significantly larger parity potential (190,000 MW by 2022, compared to 122,000 MW
for commercial solar).
• Together, unsubsidized residential and commercial solar at price parity could provide
9% of total U.S. electricity by 2022.
• As the economic barrier shatters, other barriers to rooftop solar emerge: archaic
utility rules (e.g. the 15% Rule), net metering caps, limits of local permitting offices, and a
dearth of state virtual net metering policies.
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If effectively captured, the opportunity presented by distributed residential and commercial
solar could provide 9% of total U.S. electricity use by 2022, largely on the rooftops of the
homes and businesses that use that power.
The following table shows the parity potential for residential and commercial solar power by
year. For example, in 2016 when the installed cost of solar will approach $3 per Watt,
there’s a potential to install 75,000 MW of residential solar and 33,000 MW of commercial
solar in utility service territories at prices competitive with retail electricity.

Solar Parity Potential (Megawatts)
Year

Residential

Commercial

2012

14,800

5,500

2013

20,500

13,200

2014

33,200

23,100

2015

52,400

27,300

2016

75,000

33,000

2017

107,000

41,000

2018

130,000

53,700

2019

152,000

63,700

2020

175,000

80,800

2021

182,000

106,000

2022

190,000

122,000

Existing federal and state incentives expand and accelerate the parity opportunity, but also
create pitfalls. The sudden reduction of the federal tax credit in 2016 could set back solar
markets in several states by 5 to 6 years. But without incentive changes, the tax credit may
over-reward producers in sunny states at the expense of those in states with nascent solar
markets.
Policy makers need to replace a one-size-fits-all incentive program with one that can adapt
to the rapidly falling cost of solar and variations in regional competitiveness (e.g. a CLEAN
Contract). It will also be necessary to address unexpected barriers to solar that emerge as
the cost issue fades away.
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A Decade Spreads Solar Parity Far and Wide
Energy Potential from Unsubsidized $4/W Commercial Solar (Capacity and % of Sales)

2012

3500 MW

1200 MW

Capacity
Percent of Commercial
(Megawatts)
Electricity Sales

56 MW

Less than 1%

500 MW

1% to 5%

3500 MW

5% to 10%
10% or more

Energy Potential from Unsubsidized $2/W Commercial Solar (Capacity and % of Sales)
350
MW

2022
550 MW

90 MW 940
MW
3600 5500 5000 MW
320 MW
490
MW
MW
MW
3400
850
970 MW
940 MW MW
3700
1700
MW
200
3400 MW MW
2400
MW
14,000 MW
1300 MW
2100 MW 1500MW
MW
780 MW
MW
3500 MW
1700
4400 MW
210
3400 MW
2500 MW
MW
1000 MW
MW 2100
7200
3500
MW
MW
MW
3100
13,000 MW
MW
13,000
160 MW
MW

VT
NH
MA
RI
CT
NJ
DE
MD
DC

340 MW
440 MW
1200 MW
300 MW
570 MW
2900 MW
290 MW
1400 MW
220 MW

500 MW
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Introduction

Introduction
The United States has over 4,000
megawatts (MW) of solar photovoltaics (PV)
connected to the grid. Although this is
only 0.1% of electricity generation, the
figure has been rising rapidly, doubling
twice since 2008.
Commercial solar represents a third of this
total, and grew faster than residential solar
in the past two years. Its cost has fallen
rapidly, by nearly 30% in the last two years
alone, twice as fast as for residential
solar.3 Meanwhile, retail electricity prices
have risen by 3% per year in the past
decade.4
Until now, the solar energy boom has
largely been driven by federal tax
incentives and state-based incentives. But
that will change. In some places (like
Hawaii), unsubsidized solar is already less
costly than retail electricity prices.5
In
several parts of the country, e.g. southern
California or New York, parity with electric
prices is just around the corner, as the
chart illustrates.
Earlier this year, we examined the coming
of solar grid parity for residential rooftop
installations (see our Rooftop Revolution
report).
This report builds on that
foundation and examines commercial
installations for three reasons:
• Commercial scale solar benefits from
economies of scale, with installed costs
18-27% lower than for residential
systems.
• Commercial electricity rates are lower
than residential rates.
• Commercial solar is growing faster (and
with larger systems).
This report identifies the year when small
businesses, schools, hospitals and other

2 | Commercial Rooftop Revolution

COMMERCIAL SOLAR
We define commercial solar
as rooftop installations
ranging from 100 kilowatts
(kW) to 1 megawatt (MW), and
our economic analysis
conservatively focuses on
projects of 100 kW.
entities with available roofs and high
electric bills could shift to solar to save
money, whether or not federal and state
incentives for solar power persist.
It examines the implications for solar
incentives when businesses in a growing
number of communities will be able to get
solar electricity for less than what they pay
their utility for electricity. And it highlights
the barriers beyond cost that policy
makers should address now, to be
prepared for solar price parity.

Unsubsidized Solar Electricity Price v.
Commercial Retail Electricity Price (Nominal)
$0.50
$0.40
$0.30
$0.20
$0.10
$0
2002 2004 2006 2008 2010 2012
Avg. Electricity Price (U.S.)
Solar Electricity Price
Avg. Electricity Price (HI)
Avg. Electricity Price (CA)
Avg. Electricity Price (NY)
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Utility Solar Parity Data
In this section, we identify the installed
cost of solar needed to match a utility’s
retail electricity price without subsidies.
This is calculated by working backward
from the utility’s retail electricity price and
its solar resource, to determine the
installed cost threshold for solar that
would be competitive (assumptions are in
the Appendix).
The table below illustrates the full
calculation for four sample utilities,
showing their total load, average
commercial retail price, and expected
kilowatt-hours (kWh) AC of electricity
output for each kilowatt (kW) of DC
capacity.
These values are used to
determine the “parity solar price,” or the
installed cost of solar, without subsidies,
that would result in parity between solar
electricity and the retail electricity price.6
The grid parity solar price depends heavily
on the utility’s solar resource and retail
price of electricity. The Hawaiian Electric
Company has both good sun and high
electricity prices, resulting in a relatively
high parity solar price. Portland General
Electric has poor sun and low prices, and
therefore a much lower parity price.
While both matter, the retail price of
electricity has a tenfold greater influence
on the parity price than the solar

resource. More than 94% of utility retail
prices are between 5¢ and 17¢, but that
spread can change the parity price by as
much as 340%.
Solar output varies
between 1,080 and 1,620 kWh per kW of
capacity for nearly all utilities, but it only
changes the parity price by 33% or less.
The calculated parity price is quite
conservative, because it only addresses
half of a commercial utility bill: the portion
based on energy consumption (in kWh).
The other portion – a demand charge – is
based on the peak usage at any one time
during a given month (in kW). Although
solar can feasibly reduce a customer’s
peak demand, many utilities refuse to
grant a credit against demand charges for
various reasons.
Additionally, many
businesses reach their peak power
demand at night or other times when solar
power is not producing at its full capacity.
In other words, for some businesses, the
solar parity price may be higher because of
un-calculated additional economic benefits
related to demand charges.
We also ignore the availability of time-ofuse pricing in many jurisdictions that sets
premium prices on power produced during
peak demand periods (and often increases
the economic competitiveness of solar).

Commercial Solar Grid Parity Price by Utility
Name

State

Type

Sales
(MWh)

Avg. Retail
Price

Annual
Output
(kWh)

Parity Solar
Price
($/kW)

United Power, Inc

CO

Co-op

463,089

9.9¢

1,474

$2,800

Gainesville Regional
Utilities

FL

Public

805,014

13.5¢

1,313

$3,404

Hawaiian Electric Co. HI

IOU

2,410,000

23.3¢

1,303

$5,822

Portland General
Electric Corp.

IOU

6,871,593

8.5¢

1,155

$1,878

OR
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What Is The Near Term Potential
for Unsubsidized Solar?
To answer this question we calculated the
parity solar price for each of the 3,100 U.S.
utilities with data available from the Energy
Information Administration.
The following chart shows the installed
cost of solar necessary to beat utility rates
on the bottom axis. The bars indicate how
many of the 3,100 utilities would have
rates higher than solar electricity at the
installed cost shown.
Remarkably, there are 27 utilities in the
U.S. with rates high enough (and sun
strong enough) for solar installed at $9 per
Watt or more to be competitive with retail
rates. This is the far-right column in the
first chart. This includes remote utilities
in Alaska or Hawaii that likely use imported
diesel fuel or oil for power generation.

At $4 a Watt (the current average installed
cost of commercial solar, see next section)
or more, solar is competitive in just 153
utility service territories without subsidies
(shown in the dashed box).
The need for solar cost reductions is even
more apparent when focused solely on
larger utilities (those serving at least 10% of
a state’s commercial demand). Of these
101 large utilities nationwide, solar is
competitive without subsidies in only five,
three in Hawaii and two in New York, at a
price higher than $4 per Watt.
Few utilities have rates high enough for
rooftop solar to compete (in 2012) without
subsidies, but with costs falling rapidly, the
picture changes rapidly, as well.
In the next section, we focus on the solar
opportunity as the price of solar falls,
starting with today’s installed cost of $4
per Watt.

Solar Must Beat $4 per Watt Without Subsidies to Compete with Commercial Rates
1,763

43
38
Number of utilities

687
498

15

153 utilities > $4
78

23

7

15

6

Number of large utilities

27

5 utilities > $4
2

1

0

1

1

0

<$2 $2-3 $3-4 $4-5 $5-6 $6-7 $7-8 $8-9 >$9

<$2 $2-3 $3-4 $4-5 $5-6 $6-7 $7-8 $8-9 >$9

Cost of Solar to Beat Commercial Rates

Cost of Solar to Beat Commercial Rates
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Grid Parity by State
The previous section provided estimates of
the solar cost needed to achieve grid parity
in each utility service area. The next step
is to determine today’s commercial solar
installed cost. Unfortunately, without a
comprehensive database of solar installed
costs in the U.S., an informed estimate is
the best that can be done.
ILSR believes that $4 per watt (direct
current) is a reasonable estimate of
installed costs for a typical commercial
solar project in 2012. As mentioned at the
outset, our estimate assumes a 100 kW,
roof-mounted project.
Larger projects
exhibit modest economies of scale, e.g. all
else being equal, a 1 MW roof-mounted
solar project costs approximately 10-15%
less than a 100 kW one, which is itself
about 15% cheaper than a residential
rooftop installation.
The average price is probably modestly
higher (perhaps $4.25 according to
industry estimates), but there’s significant
evidence of installed costs being much
lower in many cases. Jigar Shah, founder
of SunEdison, suggests that 10% of solar
companies can already install a 50 kW
rooftop solar array for just $2.15 per
Watt.7
Knowing that, it’s reasonable to
assume that perhaps a third of installers
can beat a $3 per Watt installed cost on a
modestly larger 100 kW array.

For more cost of solar data points, see the
Appendix.

Solar Parity Opportunity
With a $4 per Watt installed cost estimate
for 2012, the following sections provide
rich illustrations of the solar parity
opportunity in the next decade. For three
major cost points ($4, $3, and $2 per
Watt), we calculate the state-by-state
potential for solar at the parity price (the
maximum number of potential
megawatts), assuming that commercial
solar accounts for no more than 20% of an
one utility’s sales.8
We use a 20% limit because it represents a
manageable amount of variable energy on
a utility system that would be unlikely to
require significant additional standby,
backup or power storage. We also assume
that since rooftop solar is typically used to
offset onsite load, it will be welldistributed throughout a utility’s service
territory and therefore be within existing
local limits on the utility system (ranging
from 15-50% of peak demand 9).

One issue we do not address is potential
state-by-state variation in installed costs.
In their comprehensive Tracking the Sun
series, the Lawrence Berkeley National
Laboratory illustrates widely varying
installed costs for residential solar among
states (a $2 per Watt variation). Although
it may be smaller for commercial solar,
such variation is likely, but is not taken
into account for this analysis.
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5.5 GW of Solar at Today’s Price
($4.00) Unsubsidized
Even at today’s price, the total potential
for unsubsidized commercial solar at
parity is 5.5 gigawatts (GW).
At least one utility in 25 different states
has a combination of sufficiently high rates
and sunny skies such that unsubsidized
commercial solar could deliver electricity
for less than the utility. However, most of
the potential solar capacity is concentrated
in just four states: New York, California,
Hawaii, and Alaska.
Existing federal and state incentives
expand the opportunity beyond these four
states and have been crucial to developing

solar markets and creating the scale
necessary to rapidly drive prices down (see
Solar Potential With Incentives for more
detail).

Top Potential Solar States at $4/W
State

Percent of
Commercial Sales

Hawaii

16.4%

New York

5.1%

Alaska

2.2%

California

1.1%

New Hampshire

0.7%

The following map illustrates the solar
potential at parity in megawatts and as a
percentage of commercial electricity sales.

Energy Potential from Unsubsidized $4/W Commercial Solar (Capacity and % of Sales)

3500 MW
1200 MW

56 MW

Capacity
Percent of Commercial
(Megawatts)
Electricity Sales
Less than 1%

3500 MW
500 MW

1% to 5%
5% to 10%
10% or more
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33 GW of Solar at $3.00
Unsubsidized

Top Potential Solar States at $3/W

At $3 per Watt, the situation improves
significantly. Utilities in nearly every state
(48 of them) could have their commercial
electricity price beaten by unsubsidized
rooftop solar and 20 states could get 100
MW or more. All told, 33 GW of solar
could be installed at grid-beating prices at
$3 per Watt.
The top states for solar at $3 per Watt are
concentrated in the Southwest and
Northeast, with Hawaii and California
having the greatest potential for costeffective solar as a percentage of
commercial electricity sales.

State

Percent of
Commercial Sales

Hawaii

16.4%

California

13.0%

New Hampshire

9.7%

Rhode Island

9.1%

New Jersey

8.1%

As discussed later, this threshold will likely
be reached by the average installer in
2016, the final year before the federal 30%
tax credit expires.

Energy Potential from Unsubsidized $3/W Commercial Solar (Capacity and % of Sales)

4300 MW
VT
NH
MA
RI
CT
NJ
DE
MD
DC

380 MW
14,000
MW

230 MW

2000 MW

150 MW

230 MW

74 MW
390 MW
1200 MW
300 MW
470 MW
2900 MW
240 MW
n/a
220 MW

3100 MW
100 MW

Capacity
Percent of Commercial
(Megawatts)
Electricity Sales
Less than 1%

500 MW

3500 MW

1% to 5%
5% to 10%
10% or more
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122 GW of Solar at $2.00
Unsubsidized

electricity sales in the U.S., or 3.6% of total
electricity use.

At $2 per Watt (a price that perhaps 1 in
10 installers can already manage in 2012),
all but 4 states can meet 1% or more of
commercial electricity demand with solar
electricity that is more cost-effective that
utility rates.

Top Potential Solar States at $2/W

Cost-effective solar (relative to grid prices)
penetrates nearly every corner of the
country, with the exception of the
Northwest and Maine (with poor sunshine
and low-cost electricity from hydro power).
In total, 122 GW of cost-effective solar
could provide 10% of commercial

State

Percent of
Commercial Sales

Vermont

18.8%

Wisconsin

17.6%

Mississippi

17.1%

Alabama

16.9%

Georgia

16.6%

As discussed later, this threshold will likely
be reached by the average installer in
2022.

Energy Potential from Unsubsidized $3/W Commercial Solar (Capacity and % of Sales)
350
MW
550 MW

90 MW 940
MW
3600 5500 5000 MW
320
MW
490
MW
MW
MW
3400
850
970 MW
940 MW MW
3700
1700
MW
200
3400
MW
MW
2400
MW
14,000 MW
1300 MW
2100 MW 1500MW
MW
780 MW
MW
3500 MW
1700
4400 MW
210
3400 MW
2500 MW
MW
1000 MW
MW 2100
7200
3500
MW
MW
MW
13,000 MW 3100
MW
13,000
160 MW
MW
500 MW

VT
NH
MA
RI
CT
NJ
DE
MD
DC

340 MW
440 MW
1200 MW
300 MW
570 MW
2900 MW
290 MW
1400 MW
220 MW

Capacity
Percent of Commercial
(Megawatts)
Electricity Sales
Less than 1%

3500 MW

1% to 5%
5% to 10%
10% or more
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Even if most solar installers can’t do
commercial solar for the $2 per Watt
quoted by market leaders in 2012,10 it’s
coming. The cost of solar has been falling
at a blistering pace (14% in 2011 alone),11
and we estimate that it will continue to fall
by about 7% per year.12

report, we also started with a $4 per Watt
installed cost, focusing on the leading
edge of the residential market.
We
reported a residential solar parity potential
of 12,000 MW in 2016 and 64,000 MW in
2022.
However, measuring residential
parity in the same fashion as commercial
parity (by utility, nationwide), the
residential numbers are much higher.

At this pace, and starting with today’s
estimated cost to install commercial scale
solar ($4 per Watt), the U.S. will hit $3 per
Watt in 2016 and $2 per Watt in 2022.

The following table shows the megawatt
potential for solar at grid price parity for
residential customers and commercial
customers (using the same methodology).

Forecast Commercial Solar Installed Cost

Solar Parity Potential (Megawatts)

The Grid Parity Future

Year

Installed Cost per W

2012

Year

Residential

Commercial

$4.00

2012

14,800

5,500

2013

$3.72

2013

20,500

13,200

2014

$3.46

2014

33,200

23,100

2015

$3.22

2015

52,400

27,300

2016

$2.99

2016

75,000

33,000

2017

$2.78

2017

107,000

41,000

2018

$2.59

2018

130,000

53,700

2019

$2.41

2019

152,000

63,700

2020

$2.24

2020

175,000

80,800

2021

$2.08

2021

182,000

106,000

2022

$1.94

2022

190,000

122,000

It’s worth noting that this price schedule
for commercial solar still puts the U.S. far
behind Germany’s installed cost. In 2012,
Germany installed residential solar PV for
an average price of $3 per Watt, our
projected 2016 price for commercial scale
solar in the U.S. (see the Appendix for
more on the cost disparity between
Germany and the U.S.).13

Commercial v. Residential Parity
In our Rooftop Revolution report earlier
this year, we identified the potential for
unsubsidized solar to dominate the
residential electricity market in the nation’s
40 largest metropolitan areas.
In that
9 | Commercial Rooftop Revolution

While commercial solar is growing faster,
residential solar actually has a higher
parity potential in the next decade.

BIG BOX SOLAR
Recent data shows that nearly 25% of the
installed commercial solar in the U.S. is on
the rooftops of large businesses like IKEA,
Costco, and Staples.14
Most of the
installed systems aren’t particularly large,
averaging around 1 MW, but are large
enough to capture economies of scale and
reduce installation costs by 10-15% over a
100 kW installation. The sheer number of
large retailers means they can install a
significant amount of solar power.
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Solar Potential With Incentives
This report focuses on the competitiveness
of solar without incentives, reflecting the
long-term cost viability of solar power. But
there are incentives. The federal tax credit
and depreciation allowance alone reduce
the effective cost of commercial solar by
about 40 percent.
The existing federal incentives scale back
in 2016 (the tax credit falling to 10%),
although state incentives are on a different
schedule.
This section examines the
potential for commercial solar under
existing federal incentives.

62 GW of Solar at $4.00 with
Subsidies
The following map illustrates the
difference for solar “parity” in 2012
including federal incentives (compare to
the map on page 6). Without subsidies,
5.5 GW of solar is competitive with
commercial utility rates at $4 per Watt
without exceeding 20% of any utility’s
load.
But including the two federal
subsidies, the net installed cost falls to
$2.40 per Watt and the potential rises to
62 GW, equivalent to a 7-year advance in
the cost schedule.
In other words, with existing incentives,
it’s possible to install 15 times more solar
than is currently grid-connected in the U.S.

Energy Potential from Federally Subsidized $4/W Commercial Solar (Capacity and % of Sales)

4600 MW

120
MW
14,000
MW

960
MW

2200
MW
3370
MW

800
MW

110
MW

930
MW

350
MW
1100 MW

220
MW
8840
MW

110 MW

2200 MW

Capacity
(Megawatts)

490
MW

630 MW

460
470
MW
530 2600
MW MW MW

VT
NH
MA
RI
CT
NJ
DE
MD
DC

6800
Percent of Commercial MW
Electricity Sales
Less than 1%

500 MW

3500 MW

1% to 5%
5% to 10%
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Solar Potential With Incentives
at better-than-utility prices. That 62 GW of
solar could provide 5.2% of commercial
electricity sales in the U.S., or 1.8% of total
electricity use.

131 GW of Solar at $3 with
Subsidies
At $1.80 per watt including federal
incentives the solar potential rises to 131
GW compared to 33 GW with unsubsidized
costs of $3 per watt (compare to the map
on page 7). The following map illustrates
the difference for solar “parity” in 2016,
the last year of full federal subsidies
(assuming no further Congressional
action).
The subsidies advance the
potential in 2016 beyond the unsubsidized
opportunity in 2022.

Top Solar States at $4/W Subsidized
Percent of
Commercial Sales

State
Vermont

18.7%

Hawaii

16.4%

California

13.2%

Arizona

12.9%

Alabama

12.6%

Energy Potential from Federally Subsidized $3/W Commercial Solar (Capacity and % of Sales)
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3100
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Capacity
Percent of Commercial
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495 MW

Less than 1%

3500 MW

1% to 5%
5% to 10%
10% or more
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Solar Potential With Incentives
Top Solar States at $3/W Subsidized
State

Percent of
Commercial Sales

Vermont

18.8%

Wisconsin

17.8%

Mississippi

17.1%

Alabama

16.9%

Georgia

16.7%

In total, 131 GW of solar could provide 11%
of commercial electricity sales in the U.S.,
or 3.9% of total electricity use.
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Stepping Back in 2017?
Current federal law reduces the 30%
federal tax credit to 10% in 2017. With
depreciation unchanged, the effective
federal discount on solar will fall from 40%
to 27% on an unsubsidized price of $2.78
per Watt.
In practice, the reduced tax credit shrinks
the solar parity potential from 131 GW to
90 GW. States in the Northwest and Maine
(with cheap hydropower) lose almost all
their cost-effective commercial solar
(compare the map below to page 11).
Compared to no federal incentive at all,
however (shown on page 7), a 10% tax
credit and accelerated depreciation is still
quite advantageous. The 90 GW of solar at
parity compares favorably with 33 GW
without subsidy in 2016.

Source: Environmental Law Institute

Potential Percent of Commercial Electricity Sales from $2.78/W Solar with Federal Incentives (10% tax credit)
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Solar Potential With Incentives

The Incentive Train Wreck
The federal solar incentive (approaching
$3 billion per year) is the single biggest
subsidy for solar power and is
consequently the biggest driver of the
solar power market. But as solar power
continues to fall in price, it reveals three
major failings.
The first is the budget impact. In 2016,
the typical commercial solar project will
have an unsubsidized cost of $3 per Watt.
At that price and with incentives, 131 GW
of solar could be installed at better than
utility prices.
If the industry had the
capacity to actually install all that solar, it
would cost the federal government $157
billion for the tax credit alone.15
More problematic, the federal incentive
would be inequitably applied.
Solar
projects in the Northwest or Midwest
might be able to flip a project from
unprofitable to profitable with the federal
credit, while solar installers in California
and Hawaii would be unnecessarily
padding an already rich bottom line with
taxpayer dollars.
The final issue is the cliff, when the
subsidy tumbles from 30% to 10% in 2017
(if the industry is lucky and Congress
doesn’t zero it out). Compare the graphic
on page 13 to page 7 to get a sense of
what happens without any incentive. Solar
abruptly shifts from being cost-effective
nearly everywhere to being a regional
alternative in the Southwest and
Northeast. It will be another 5-6 years
before those markets revive.

An Incentive Switch Instead
The challenge is in phasing out incentives
as solar becomes economically competitive
without incentives in different parts of the
country at different times. The guiding
principle should be to continue the
14 | Commercial Rooftop Revolution

enormous strides toward democratizing
the electricity system by maintaining the
growth of distributed solar, but also not
offering unnecessarily high incentives in
those parts of the country that no longer
need them.
There are two solutions to the ballooning
subsidy problem: a gradual phase-out and
a solar resource factor.
The solar subsidy level should be reduced
(assuming costs continue to decline) when
the current tax credit expires in 2016. A
basic option is to reduce the 30% incentive
by 3 percentage points per year starting in
2017. It would allow moderately sunny
areas to continue solar growth without
over-rewarding the sunniest regions. It
would avoid the awful boom-and-bust
cycle that has hit the wind industry
multiple times in the past decade as
Congress has failed to extend its incentive.
The phase out is improved by linking it to
the actual solar market. Strong growth in
solar could result in a more rapid credit
phase out, while slow growth could mean
slower price decreases.
Flat electricity
prices or a plateau in solar costs could
slow the phase out, while high price
inflation or large decreases in the cost of
installing solar could accelerate it. The link
to market performance is similar to what
California has done with their very
successful 10-year Solar Incentive
program.
In that case, the per kWh
incentive was stepped down at trigger
points (e.g. 50 MW installed, 150 MW
installed) as the market grew.
A regional resource factor would improve
fairness. Sunny areas like Los Angeles
could have the tax credit immediately cut
to 10% in 2017, while less sunny areas like
Ohio could keep the 30% credit a bit
longer, with the credit gradually phasing
out in both places.
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Solar Potential With Incentives
Another step toward fairness would be to
shift away from the using the tax code to
support solar. Tax based incentives have
discriminated against solar for schools or
libraries (and other public buildings)
because these entities don’t pay taxes.
These entities can build cost-effective
commercial scale solar, but often rely on
public-private partnerships with
transaction costs that make publicly-built
solar less competitive than private solar.
Such partnerships also water down the
value of federal money for solar.16
Research has shown that federal taxpayers
can get twice the solar for each dollar of
solar subsidy given in cash rather than
credit.17
If using the tax code is unavoidable, a
modest option is to shift to offering a
refundable tax credit, allowing those who
are eligible for tax credits to take the full
value whether or not they have sufficient
tax equity.
Ultimately, changing solar incentives is
essential if the cost continues to fall
rapidly and if all regions of the country are
to have an opportunity to tap their solar
r e s o u r c e s w i t h o u t b u r d e n i n g t he
taxpayers.

The CLEAN Contract
The intersection of electricity and solar
prices, and the need for new policy,
provides an opportune moment to
consider changing American solar policy
to match that used in the most advanced
solar economies. Three of the top four
solar nations and nearly 90% of the
world’s solar capacity has been installed
with a policy called a CLEAN Contract (or
Feed-in Tariff (FIT)).18
This solar financing tool is not a tax credit.
Instead, it is a combination of a
guaranteed grid connection and a long
15 | Commercial Rooftop Revolution

term contract price sufficient for a modest
return on investment.
The contract
provides security for long term financing
of solar projects, reducing borrowing costs
and the total cost of solar electricity.
CLEAN contracts provide several potential
advantages over a tax credit.
Unlike the federal tax credit (which always
offers a 30% discount), CLEAN contract
prices follow the falling cost of solar, like
California’s Solar Initiative production
incentive. In Germany, the policy is even
more robust: when the market is
particularly strong, the price falls faster; if
the market is weak, the price declines
slower, creating a “growth corridor.” The
chart on the next page illustrates the
concept.
The price-following characteristic of CLEAN
programs may also prove useful as solar
grows substantially.
Right now, solar
demands a price premium because it can
deliver electricity when utilities need it
most – on hot, sunny afternoons. But with
critical mass, solar can erase utility price
peaks, undercutting the time-of-day
advantage. A CLEAN contract can provide
price stability for solar producers.19
The CLEAN contract also solves the public
sector’s tax credit problem, because the
long-term contract is available to anyone,
not just taxable entities or large
corporations with tax equity.
It also
allows more individuals to install and
finance solar without needing a solar
leasing arrangement (although that
remains an option). This can increase local
ownership of solar, and with it, the
economic value of distributed solar power
for communities it serves.
CLEAN Contract programs can be
implemented at several levels of
government: local utility, state, or national.
So far in the U.S., there are 17 programs in
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Solar Potential With Incentives
“Growth Corridor” Provides Market Input to German Solar Contract Price

14 states.
Unfortunately, they are all
priced with the expectation that producers
will use federal tax incentives, reducing
some of the advantages of the CLEAN
model.
A federal CLEAN Program that replaces
the tax incentive system could solve that
issue, but it would require more nuance
than Germany’s national program because
of wide variation in the solar resource
across the country.

Production Payments (“CLEAN
Contract Lite”)
Since there are potential legal and political
hurdles to implementing a full CLEAN
program in the United States, a
compromise policy might be “CLEAN
Contract Lite.” Instead of providing the
full contract price, the existing federal
solar subsidy could be converted to a
production payment that would cover the
difference between a regionally
appropriate contract price for solar
(sufficient for the owner to earn a modest
16 | Commercial Rooftop Revolution

return on investment over 20 years) and
the local net metering rate or a “value of
solar tariff” (for more on the latter, see the
endnotes).20
The following chart illustrates how the
payments would be relatively small in
regions with ample sun and high electricity
prices (and net metering rates). Payments
would be larger in places like Seattle,
where cheap electricity and more moderate
sunshine dominate.
Since the value of net metering tends to
rise with electricity prices, and the cost of
solar is falling, using this program won’t
be particularly expensive. In our Rooftop
Revolution report, we estimated the
program’s peak cost would be under $20
billion in 2021, supporting 160 gigawatts
of residential solar. This is in comparison
to the current 30% tax credit, which cost
over $3 billion in 2011, in support of 1.7
gigawatts of solar.
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Residual Barriers
Despite the enormous potential for solar at
parity, there remain a number of barriers
to widespread distributed solar, beyond its
cost.
These are the policy issues the
industry, utilities, and policy makers
should be focused on.
Most utilities adhere to the so-called 15%
rule, limiting distributed solar to 15% of
the supply on a distribution feeder (the
power line between a substation and
homes and businesses). This arbitrary rule
is being overturned with evidence, but only
two states, Hawaii and California, have put
forth solutions.21
Local permitting rules add unnecessary
time and expense to distributed solar
projects. Even with streamlined rules and
practices, permit processing can strain
local government resources, such as when
nearly half of building permits are for
solar power in Honolulu, HI.22 Solutions
include Vermont’s streamlined permitting
process and Colorado’s recently
implemented permit fee cap.
Net metering provides a simplified
process for installing solar “behind the
meter” for residential and small
commercial projects, but many states
have caps on “aggregate net metering.”
These policies limit the total amount of
electricity sales that can be offset by net
metering (typically 5% or less).23 California
has recently raised its net metering cap,
and other states could follow suit.

commercial buildings) can’t go solar
because they rent instead of own, or their
own roof is unsuitable. But only nine
states have laws that allow some portion
of electric customers to share the
electricity output from a community-based
installation – often called group/
community/virtual net metering – rather
than one on their own roof.24 A CLEAN
Contract program can also solve this issue
for community-based solar because
projects simply receive a cash for
production payment that can be
distributed as owners see fit.
Cost parity may open floodgates of
interest in solar, but without preemptive
policy action, many prospective
commercial solar projects may run into
these lingering non-cost barriers.

Brief Barrier Illustration
What would happen if some of the barriers
to commercial solar were removed? The
following chart examines what happens if
the 20% cap on solar per utility were lifted
to 50%, similar to how California has lifted
its cap on local penetration of solar power
on the distribution grid (compare to the
chart on page 6). Although only one more
state (New Hampshire) reaches the 1% of
commercial sales threshold, the total
amount of potential solar rises from 5.5 to
13.8 gigawatts, equivalent to a one-year
advance in the projected cost reductions
for solar PV on page 9.

In addition, 75-80% of residential
customers (and a similar number of

17 | Commercial Rooftop Revolution
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Residual Barriers

Energy Potential from Unsubsidized $4/W Commercial Solar with 50% Utility Limit (Capacity and % of Sales)

71 MW
8900 MW
2900 MW

140 MW
Capacity
Percent of Commercial
(Megawatts)
Electricity Sales
Less than 1%

1200 MW

3500 MW

1% to 5%
5% to 10%
10% or more
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Conclusion

Conclusion
The explosive growth of solar power has
created a convergence of solar and grid
electricity prices. Within the next few years,
thousands of American businesses will
have a local, cost-effective, and cleaner
alternative to grid electricity.
Even when limiting solar to 20% of utility
load, in the next decade 10% of
commercial electricity demand could be
met by cheaper-than-grid, unsubsidized
solar electricity.
The pervasiveness of
inexpensive solar will penetrate all but five
U.S. states.
The opportunity is not without barriers. As
vividly illustrated in ILSR’s Hawaiian
Sunblock report, there are obstacles to
going solar even in a state where grid
parity is in the rearview mirror.
For most states, this is an opportunity to
strike down these barriers before price

19 | Commercial Rooftop Revolution

parity arrives. But there isn’t much time.
The parity opportunity for commercial
solar quadruples from 5.5 GW to 23 GW in
two years and will grow tenfold by 2018.
By then, the influx of commercial solar
applicants will be pounding against net
metering limits or the 15% rule, if policy
makers have failed to act.
Fortunately, leading states have made
progress.
California and Hawaii have
changed to evidence-based rules for
governing the distribution grid, and raised
aggregate net metering limits. Vermont
has standardized local permitting and
Colorado has capped permit fees.
Policy makers across the country should
take heed and act swiftly. Solar parity and
a decentralized system of electricity
generation is coming, and it’s time to get
ready.
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Appendix

Appendix
Price Points for Commercial
Solar Power:
Solar Buzz commercial electricity index
(Mar. 2012):25 $4.94/W for 50 kW ground
$3.60/W for 500 kW ground.
Cost of solar in North Carolina:26
2011: 10-500 kW - $5.33/W; >500 kW $4.16/W.
2012e: 10-500 kW - $5.05/W; >500 kW $3.75/W
U.S. Commercial Rooftop (NREL):27
2010: $4.79/W
2012 extrapolated: $4.14/W (7% annual
decrease)

Solar Energy Industries Association:
U.S. 2011 2Q Commercial all sizes –
$5.20 average 28
U.S. 2012 Q1 Commercial all sizes - $4.50
average 29
McKinsey, “best in class”:30
2011: $2.90 for commercial rooftop solar
Germany:
2012: $2.20/W for rooftop solar <100kW31
Jigar Shah
August 2012: 50 kW commercial rooftop –
$2.15/W32

Illustration of Commercial Solar Price Estimates
$6.00

$4.00

$2.00

$0
2009

2010

Methodology for Solar Grid
Parity Price Estimate
EIA provides data on utilities commercial
retail electricity prices, by utility. This can
be combined with the solar resource in the
region to determine a price point for solar
that is equivalent to the utility’s price.
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2011

2012

Grid Parity Prices Assumptions:
• 80% debt financed
• 5% interest
• 25-year project life
• 5% discount rate
• $40 operations cost per kW DC
• 0.5% panel output degradation per year
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Appendix

Reasons for Solar Price Parity
Optimism
The following chart (from Lawrence
Berkeley National Laboratories) illustrates
the vast gulf between residential solar
installed costs in the U.S. and Germany.
Almost the entire difference is due to nonhardware costs, suggesting an enormous
opportunity for best practices and policies
to lead to significant decreases in the cost
of installing solar in the U.S.
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