
Solar Energy Controversies
Should consumers pay extra to go off the grid?

T
he cost of installing a residential or commercial

solar energy system has declined rapidly in recent

years, aided by federal tax breaks backed by the

Obama administration. Solar users say the technology

saves them money by allowing them to generate their own electrical

power and helps protect the environment by reducing demand

on conventional coal- and natural gas-burning power plants. Solar

remains a tiny fraction of overall power generation in the United

States, but it is growing rapidly. As solar expands, electric utilities

all over the country are struggling to integrate it into the existing

power system. They argue that the rapid growth in solar threatens

the financial stability of the power grid and that solar users

should pay to help maintain the vast system of poles, wires and

transformers — even if their conventional power needs decline.

meanwhile, the auto industry is looking to solar as an alternative

power source, a trend that could add additional pressure to the

struggling oil industry.

Workers attach solar panels to a house in
Albuquerque, N.M. Solar represents a tiny fraction of
power generation in the U.S. but it is growing rapidly,
forcing electric utilities to struggle to integrate it 

into the existing power system.
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Solar Energy Controversies

THE ISSUES
Public utility commission

meetings usually attract
small audiences — and

yawns — but a february meet-
ing of Nevada’s commission
was different.

Several hundred demon-
strators, carrying signs and
pushing wheelbarrows con-
taining more than 30,000 sig-
natures from backers of their
cause, protested a move by
the commission to gradually
increase a monthly surcharge
imposed on rooftop-solar en-
ergy users from $12.75 to
$38.51 and also decrease the
amount they get paid for
sending excess power back
to Nv Energy, the state’s
largest utility. 1

In its defense, the commis-
sion said solar customers were
not paying their fair share to
maintain the electric grid —
the vast system of poles, trans-
formers, wires and other
equipment used to supply power to
homes, businesses and factories. Solar
advocates disagreed, arguing that the
state and the utility had promised one
set of rates, then retroactively changed
the deal.

“Now I feel I’m being penalized for
trying to do something better for the
environment,” says Elizabeth moore-
Barton, a 38-year-old Las vegas real
estate agent who installed solar panels
on her family’s 3,200-square-foot house
in early 2014.

The fracas in Nevada is a sign of
the financial stakes — and high emotions
— swirling around the fast-growing field
of solar energy.

Advocates of renewable energy view
solar power as a way to protect the
environment by reducing the use of
fossil fuels and to save money on elec-

tric bills. But many utilities see solar
energy as a threat because the ability
of homeowners and businesses to gen-
erate their own solar power will cut
into utility companies’ revenue and
strain their ability to maintain the elec-
trical grid and build new power plants.

Still, many utilities, businesses, and
government agencies are building solar
projects or investing in them. Examples
include Duke Energy, the nation’s largest
electric power holding company, the
Department of Defense and utilities in
florida, massachusetts and New Jersey.

“To a certain degree every state is
having to worry about” how to help
the solar industry without harming the
utilities, says michael Dworkin, director
of the Institute for Energy and the En-
vironment at vermont Law School in
South Royalton. Solar is “clearly going

from being a fringe [ap-
proach] to being a mean-
ingful element” of the power
supply, although the solar
sector remains tiny com-
pared with oil, coal and nat-
ural gas.

federal subsidies are
boosting solar energy’s at-
tractiveness to consumers. In
December 2015, Congress ex-
tended solar tax credits al-
lowing individuals and busi-
nesses to deduct 30 percent
of the cost of a solar system
from their federal tax bill.
The cost of solar panels has
declined significantly in re-
cent years — in the 1960s,
a panel cost about $100 per
watt; in 2016, the price was
57 cents. As prices have
dropped, a growing number
of environmentally minded
consumers have turned to
solar because of concerns over
climate change and pollution
from fossil fuels. 2

meanwhile, more compa-
nies are using solar energy

to save money and to appear envi-
ronmentally friendly to consumers, ac-
cording to a 2015 survey by Deloitte
Resources, a global consulting firm.
The survey found that 39 percent of
businesses are installing electricity gen-
eration such as solar panels, and that
“desire to increase the use of renew-
ables — particularly solar — continues
to trend upward among consumers:
64 percent rank ‘increasing the use of
solar power’ among the top three en-
ergy-related issues most important to
them, up from 58 percent in 2014 and
50 percent in 2013.” Deloitte also found
that 79 percent of businesses view re-
ducing electricity costs “as essential to
staying competitive from an image per-
spective.” 3

Solar energy use in the United States
has more than tripled since 2010,

By Kevin Begos
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Solar advocates in Los Angeles on Oct. 21, 2015,
challenge a proposal by Southern California Edison, 
the region’s major power supplier, to limit the ability of
solar users to sell excess solar energy back to the 
power grid. Known as net metering, the issue 

is controversial nationwide.
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according to the California energy con-
sulting firm GTm Research, and in 2015
the number of residential and commer-
cial solar installations rose by more than
19 percent. Nationwide, some 45,000
businesses and more than 900,000
homes are using solar panels, still a
small percentage of the 125 million
households in the United States. 4

most of those installations are in
the sunbaked Southwest, especially Cal-
ifornia. The U.S. Energy Information
Administration (EIA) said that in 2014
California, which requires that 15 per-
cent of roof space on new structures
under 10 stories to be solar-ready by
being free of or shade and other ob-
structions, became the first state to gen-

erate more than 5 percent of its electricity
from solar. And San francisco’s Board
of Supervisors passed an ordinance in
late April requiring the installation of
solar panels on all new residential and
commercial buildings built in the city,
beginning Jan. 1, 2017. 5

As solar grows, some electric-industry
officials are warning that it could dam-
age the financial underpinnings of the
utilities. Under the traditional model,
a public commission grants a monopoly
to a utility to provide electricity to a
service area. In return for that monopoly,
the utility is expected to provide reliable,
low-cost power to the region. It does
so by building power plants that use
a generator, often a steam turbine, to

create electricity. The steam powering
the turbine, in turn, is created by burning
coal, oil or natural gas. Utilities also
generate or buy power from nuclear
plants and hydroelectric dams.

The U.S. electric grid includes about
3,200 utilities, 5,800 power plants and
more than 2.7 million miles of power
lines, according to Bloomberg. 6 The
grid is expensive to build and maintain,
and some in the industry argue that
monopoly power is essential to main-
taining the financial health of utilities
and the viability of the electric grid.

Solar energy, they say, undercuts this
monopoly because homeowners and
businesses are generating their own elec-
tricity and thus lowering the utilities’
revenues. Yet the demands on the grid
remain great because solar users need
the grid as a backup supplier or as a
place to sell their excess electricity. As
a result, supposedly independent solar
energy users still need the utilities, said
David K. Owens, executive vice president
of the Edison Electric Institute, a wash-
ington, D.C.-based utility trade group.
And this means, he said, they should
have to pay their fair share of the costs
of maintaining that grid. 7

Six New York utilities and three
solar companies are seeking a com-
promise. In late April the two sides
proposed a new payment model that
would preserve credits for rooftop solar
systems while imposing fees on larger
solar projects beginning in 2020. In a
joint statement, Lyndon Rive, the CEO
of SolarCity, the nation’s largest solar
company, praised the utilities and the
compromise. 8

Still, solar remains a small part of
the energy sector. Solar power provided
less than 1 percent of the nation’s
electricity in 2015, while wind power
accounted for about 5 percent. By
contrast, coal and natural gas each
powered 33 percent of nationwide
electricity generation, nuclear 20 per-
cent and hydropower 6 percent. All
other renewables — including biomass,
waste wood and other agricultural

SOLAR ENERGY CONTROvERSIES

California, New England Lead in Solar Potential
If all suitable rooftops in California had solar systems, they would 
generate an amount of electricity equal to nearly three-fourths of 
the electric power sold by utilities in the state in 2013. Rooftop 
systems in Florida, Michigan and six Northeastern states could 
offset at least 45 percent of those states’ electricity use. Some 
states with relatively low sun exposure, such as Maine and 
Vermont, have greater potential than sunny states to offset utility 
sales of electricity because households in low-sun states tend to 
consume less utility-generated electricity.
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products — produced 7 percent. 9

(See graphic, p. 389.)
Two related problems are challenging

for the solar industry. Solar power is “in-
termittent,” with daily output spiking
when the sun is at its strongest and
dropping when at its weakest. Solar en-
ergy is generally more feasible in sunny
regions such as the Southwest than in
cloudy ones such as the Northwest. 10

The vagaries of the weather and the
fact that solar systems don’t store elec-
tricity at night and during cloudy periods
mean the industry needs a strong, low-
cost storage battery. Although costs have
dropped, batteries remain relatively ex-
pensive and inefficient, and researchers
have achieved no breakthrough com-
parable to solar panels.

Nonetheless, the allure of the sun
as an energy source captivates the pub-
lic, environmentalists, the business com-
munity and many in the energy sector.
A 2015 Gallup Poll found that 79 percent
of Americans said there should be more
emphasis on solar power — the highest
number for any form of energy —
compared with 28 percent who said
the emphasis should be on coal. 11

The Sierra Club and other environmental
groups have long backed solar, but now
some conservatives, businesspeople and
large corporations such as walmart and
major automakers do, too.

“The big picture is that the world
and the nation are moving towards a
cleaner air portfolio,” says Sean Gallagher,
who works on state issues for the Solar
Energy Industries Association, a trade
group in washington, D.C. “And we’re
moving that way because we have to,
for climate change, but we’re also moving
that way because clean energy has lots
of local benefits.” Gallagher says, for
example, that jobs installing solar on
American roofs or building solar farms
can’t be outsourced overseas.

The Solar foundation, an advocacy
group in washington with ties to the
industry, estimates that some 209,000
people work in various parts of the
industry, up from 100,000 in 2011. 12

And solar will add about 30,000 jobs
this year, according to The Wall Street
Journal, with some laid-off oil workers
moving to the solar sector. 13

Solar is also helping recover some of
the lost jobs in the coal industry, where
employment is falling because of mech-
anization and dropping demand for coal.
President Obama, in his January 2016
State of the Union message, said, “On
rooftops from Arizona to New York, solar
is saving Americans tens of millions of
dollars a year on their energy bills, and
employs more Americans than coal —
in jobs that pay better than average.” 14

As solar power continues to expand,
here are some of the issues that in-
dividuals, utilities, politicians and the
courts are debating:

Can solar replace the traditional
electric grid?

The electric utility industry and out-
side experts have begun seriously to

discuss a once-remote possibility: In
coming decades many people could
choose to go “off the grid” by generating
and storing their own power.

“[T]here is a perception that customers
will always need to remain on the grid,”
said “Disruptive Challenges,” a 2013 report
prepared for the Edison Electric Institute.
But continued technological advances
“could allow customers to be electric
grid independent.” The report noted that
few imagined that cellphones would so
quickly replace landlines around much
of the nation. 15

The Rocky mountain Institute, a
Colorado think tank that focuses on
the efficient use of resources, examined
going-off-the-grid possibilities in 2014
and found even “a growing number
of early adopters [of solar power] could
trigger” a so-called utility death spiral.

“But what happens when solar and
battery technologies are brought togeth-
er?” the institute asked. “Together they

* Percentages based on preliminary data and do not add to 100 due to rounding.

Source: “What is U.S. electricity generation by energy source?” U.S. Energy 
Information Administration, updated April 1, 2016, http://tinyurl.com/hf93dfl

Fossil Fuels Provide Most Electricity
Solar energy generated less than 1 percent of U.S. electricity in 
2015, while coal and natural gas each provided about a third and 
nuclear power a fifth. Some experts say solar’s share could grow 
to more than 15 percent in the next 20 years as fossil-fuel genera-
tion declines.
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can make the electric grid optional for
many customers — without compro-
mising reliability and increasingly at prices
cheaper than utility retail electricity.” 16

In that scenario, rapidly declining
solar and battery costs would lure cus-
tomers away from utilities, which then
must raise rates to their remaining cus-
tomers to compensate for lost revenue,
resulting in even more defections. The
Rocky mountain report said the pos-
sibility of such a scenario is “coming
sooner than many had anticipated.” As
evidence, it said battery costs were
about $2,000 per kilowatt hour of stor-
age in 2009, but had fallen to about
$750 by 2013. 17

Other experts say massive utility de-
fections are unlikely.

“There will be thousands in states
and tens of thousands nationally. But
I don’t think there will be millions and
tens of millions,” says Dworkin of the
Institute for Energy and the Environ-
ment. He says staying connected to
the grid is “a relatively cheap insurance
policy” for many Americans.

The average family spends about
$14,000 per year on motor vehicles,
and about the same on food and cloth-
ing, according to Dworkin. “And what
do they spend for electricity? They
spend $1,400” per year, he says, so
the regular grid remains a bargain.

A leading proponent of solar power
says utilities should adapt to solar’s rise
instead of resisting it. “If the utilities
were willing to abandon their current
business model, they could be the ones
who build” the grid that serves rooftop-
solar owners, says Bill mcKibben, co-
founder of the environmental group
350.org, which is pushing for an end
to fossil fuel use. In other words, utilities
could integrate solar and other renew-
ables in a way that would benefit every-
body, he says. “The alternative is to
hold off the new technologies as long
as possible, which is what they’re mostly
trying. . . . This is an unwise strategy.”

“Since we have a grid, it makes sense
to use it as the main storage device.

But if the utilities won’t adapt to the
era of sun and wind, or if they insist
on doing it only on their terms,” many
people will go off-grid, mcKibben says.

But utility executes say rooftop-solar
owners will still need the electric grid
as a backup or as a place to put their
excess electricity.

when solar units generate “more
power than they need, they need the
electrical grid to distribute the excess
power” through “net metering,” in which
a solar customer sells excess power back
to the grid, Jonathan weisgall, a vice
president for Berkshire Hathaway Energy,
a holding company owned by Berkshire
Hathaway of Omaha, Neb., told a con-
gressional committee in 2015. “And when
their . . . generation systems aren’t gen-
erating power — for example with a
rooftop solar system, when the sun sets
— they will still rely on the utility to
provide them with power services.” 18

John farrell, an energy expert at the
Institute for Local Self-Reliance, a think
tank in minneapolis that supports com-
munity environmental projects, says there
are two ways to look at the grid’s future.
“One is, it’s going to become so easy”
to leave it, says farrell, who adds that
even busy families will go off-grid if
they can save money by doing so. But
farrell says that from another angle the
grid still has value. “why have a battery
[to store power generated by a solar
system] in your garage — in every
garage — when you can have a big
battery in a substation? There are
economies of scale in power generation,
even with solar,” he says.

Rooftop solar may be a small part
of total electricity generation now, but
some studies show tremendous growth
potential, especially in sunny states. A
2016 study by the National Renewable
Energy Laboratory, the federal govern-
ment’s primary research facility for re-
newable energy, nearly doubled pre-
vious estimates of the rooftop potential
for electricity generation in the United
States, albeit with wide variations among
states. California could generate 74 per-

cent of the electricity sold by the state’s
utilities in 2013, the report said. wash-
ington state has among the lowest po-
tential, according to the report, but
could still generate 27 percent of the
power that was generated in that state
in 2013. 19 (See map, p. 388.)

Should utilities impose surcharges
on solar owners to support the
power grid?

Utilities around the nation are seeking
or considering new surcharges for own-
ers of rooftop solar systems, arguing
that those customers aren’t paying their
fair share of costs to maintain the electric
grid. Solar owners are fighting back,
arguing such surcharges are unfair.

“Historically, electric rates have been
based on the actual costs incurred by
utilities that are then fairly allocated to
customers,” the Edison Electric Institute
said in 2014 testimony to the Energy
Department. “Customers should expect
to pay for the costs of the generation,
transmission and distribution services
they receive from their utility.” 20

The institute said that because
rooftop solar owners “use the grid in
more complex ways than other cus-
tomers, they are contributing to addi-
tional costs that utilities will incur.” for
example, most customers only receive
electricity from a utility. But individual
solar owners also send electricity back
to a utility, which then has to monitor
every unit it receives and mix it into
the broader power supply.

In a nationwide survey, the North
Carolina Clean Energy Technology Cen-
ter found 21 instances in 13 states in
which utilities proposed higher sur-
charges on solar power or other forms
of renewable energy, but Nevada was
alone in enacting major changes. 21

Brad Klein, a lawyer with the Chica-
go-based Environmental Law & Policy
Center, says that in most cases, state
regulators or courts have limited or re-
jected utility requests for new fees on
solar owners. “Just this spring, a state
court in wisconsin reversed the [state

SOLAR ENERGY CONTROvERSIES
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utility] commission’s decision about solar
fees,” Klein says. “They found that the
commission had no evidence that sup-
ports the need for this kind of fee.”

Utilities aren’t always opposed to solar
power or renewable energy. weisgall told
the U.S. Senate committee in 2015 that
Berkshire Hathaway Energy has invested
more than $8 billion in recent years for
“three very large utility-scale solar projects
as well as wind projects.” 22

weisgall also said that “although the
cost of solar power has been declining
steadily,” utility-size solar makes more eco-
nomic sense than rooftop solar because
it is more cost effective to build one large
plant that can supply the same amount
of electricity as 1,000 smaller units.

A massachusetts Institute of Tech-
nology report found another problem
with smaller solar systems: Current fed-
eral subsidies favor residential solar
over utility-sized solar, promoting “an
inherent inefficiency” in the renewable
energy sector. 23 That’s because the
tax breaks for residential and utility
projects are based on installation and
construction costs. So a huge solar pro-
ject, the report said, isn’t rewarded for
its efficiency of scale, nor are individuals
penalized for their smallness and relative
inefficiency.

Utilities aren’t used to buying back
electricity from customers, which is a key
issue, says farrell. Discussions of how to
value an individual’s rooftop solar energy
“gets into the weeds of a lot of really
complicated stuff,” he says. “The key is
for the utility to stop talking just about
what costs it has, based on a system that
was built for the 20th century.”

The debate over solar fees also
brings up tricky questions of individual
freedom, because public utilities are
designed to operate as monopolies.
when a montana utility withdrew a
proposal in 2015 to charge solar users
extra fees, local ranchers Jean and
floyd Dahlman said, “The people won
here today.” They argued in their suit
against the utility that fees on customers
who generate their own power are

Solar Around the World
Solar panels cover the football-field-size roof of the Vatican’s Paul VI
audience hall; the Basilica of Saint Peter rises in the background. The
more than 1,000 photovoltaic panels were installed in 2008 to generate
electricity for all heating, cooling and lighting of the huge building (top).
Solar panels floating on a reservoir in Kasai, Hyogo Prefecture, Japan,
generate 2.3 megawatts (bottom). Many countries, notably Germany
and China, see solar power not just as a promising idea but also as a
necessity to limit pollution and global warming.
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“unjustified and unnecessary. Individ-
uals have the right to invest in small-
scale wind or solar on their property
without needless barriers.” 24

The Dahlmans had help in the legal
battle from the Alliance for Solar Choice,
an advocacy group founded by large
rooftop-solar companies that is active
in more than 20 states. The group
argues that most electric utilities have
the power to “dictate prices and limit
customer choice.”

monopolistic utilities “in the U.S. are
trying to stop the wave of innovation
that is rooftop solar” by lobbying for
surcharges that make solar less attrac-
tive to potential customers, the alliance
said. 25 Other observers say many cam-
paigns seeking extra fees on rooftop-
solar owners are supported by members
of the fossil fuel industry and the Amer-
ican Legislative Exchange Council, a
conservative group in Arlington, va.,
that accuses solar homeowners of being
“freeriders.” 26

for the council, which drafts legislation
for conservative lawmakers across the
country, the surcharges are a matter of
fairness. In a 2014 statement, the council
said residential solar owners are often
paid the full retail market rate for the

excess energy they generate, yet that
rate is calculated to include “the fixed
costs of the poles, wires, meters” and
other infrastructure belonging to utilities.
The council said that means the solar
owners “effectively avoid paying the grid
costs, and these costs for maintaining
the grid then are shifted to those cus-
tomers without rooftop solar.”

The council urged state policymakers
to impose a surtax on people who
generate their own power, and argued
that energy policies should “require
that everyone who uses the grid helps
pay to maintain it.” 27

Should utilities be allowed to charge
customers who leave the grid?

for decades the term “going off the
grid” has been associated with outdoor
enthusiasts or environmentalists who
seek a natural, self-reliant way of life.
Then last year three Las vegas casinos
explored the option, partly in hopes of
saving money by installing low-cost solar
power. Now the proposed exit from
the grid has turned into a legal battle
that is spreading as big businesses seek
to generate or buy their own power.

mGm Resorts International, Las vegas
Sands and wynn Las vegas filed appli-

cations with the Nevada Public Utilities
Commission to seek their own sources
of power. The commission ruled over
the summer that they could leave the
grid — if they paid a combined exit fee
of about $128 million to Nv Energy. 28

The exit fees are necessary, the com-
mission said, to make up for the loss
of 7 percent of the utility’s revenue.

Utilities are required by law to pro-
vide long-term forecasts of electricity
production and costs. when a major
customer leaves the grid, the invest-
ments made to meet the power needs
under those forecasts are upset, utilities
say, and exit fees are needed to offset
revenue losses that would have gone
toward new power plants and main-
tenance. 29

The casino decision came a few
months after the utility commission de-
nied an exit request by Switch Com-
munications, a data company. “I really
think that given what has happened in
the system in the last 15 years, we have
to find a better way to make sure that
folks who exit aren’t harming remaining
customers,” said Alaina Burtenshaw, the
commission chairwoman. 30

The casinos and the tech company
based their requests on a rarely used
2001 Nevada law that allows companies
to exit the power grid, although the
law was unclear on how much of an
exit fee they should pay. 31

The desire to leave the grid has fi-
nancial and strategic roots, said wynn
Las vegas President matthew maddox.
“Exiting bundled service will allow us
to continue to invest in our resort and
pay employees a living wage, while
granting the company the freedom to
determine our long-term energy strategy,”
maddox said in testimony to the utility
commission. He said wynn is “now
contemplating the use of solar energy”
and that the exit “will not result in in-
creased costs to either remaining cus-
tomers or the utility.” 32

The utility commission disagreed
and said wynn would have to pay
$15.7 million to leave Nv Energy. In

SOLAR ENERGY CONTROvERSIES

Most Favor Bigger Push on Solar
Almost 80 percent of American adults say the United States should 
put more emphasis on solar energy production, nearly double the 
share who want more emphasis on oil. Seventy percent favor more 
emphasis on wind power.

Source: Rebecca Riffkin, “U.S. Support for Nuclear Energy at 51%,” Gallup, 
March 30, 2015, http://tinyurl.com/hfdo86a

Percentage of U.S. Adults who Say the United States
Should Put More Emphasis on Domestic Energy Production 

from Various Sources, March 2015
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January wynn sued, alleging that the
commission “has simply made up rules
as it goes along so as to discourage
any applicants from exiting bundled
retail service.” 33

Switch eventually reached an agree-
ment with Nv Energy to pay a premium
rate in order to have all its electric needs
supplied by renewable energy, and as
of late April neither mGm Resorts nor
Las vegas Sands had filed lawsuits.
But the battle isn’t over. In february
a group called Nevadans for Afford-
able Clean Energy Choices filed a
proposed state constitutional amend-
ment that would let customers choose
where to get electricity, without paying
exit fees. 34

Tesla motors, the electric-car maker,
and Switch are among the backers of
the ballot initiative. Elon musk, chair-
man and CEO Tesla, said “solar energy
is the cheapest energy today in the
state of Nevada and ‘Energy Choice’
will enable Tesla and all Nevadans to
choose solar.” 35

Nv Energy CEO Paul Caudill said
the petition didn’t surprise him “in light
of the dramatic changes in the western
energy markets, including lower natural
gas and power prices.” He said because
of the complexity of the issue, his
company is “in no position right now
to take a position,” but added that Nv
Energy is open to holding discussions
with the various stakeholders. 36

farrell of the Institute for Local Self-
Reliance says, “I think this [casino chal-
lenge] is going to be a landmark case,
but there are going to be more of
them.” These legal challenges, he says,
will force utilities to justify how they
supply energy and the money they
spend on power plants, “given all the
different options that it has, and its
customers have.”

Gallagher of the Solar Energy In-
dustries Association notes that the re-
lationship between the utilities and
solar users doesn’t have to be adversarial
and that the two could find a way to
co-exist. He says his association is seek-

ing ways for “the solar industry to
work better with utilities.”

One idea gaining currency, according
to the Rocky mountain Institute, is com-
munity solar installations, where local
organizations, utilities and others band
together to build a utility-size solar plant.
Participants share the costs of construct-
ing the installation, and the benefits.
By pooling resources, participants can
lower startup costs by as much as 40 per-
cent, the institute said. In addition, the
community solar project can “rent” solar-
generated power to members without
solar-suitable roofs, thus drawing in
more customers. 37

BACKGROUND
sun gods

Humans have recognized and puzzled
over the sun’s power since the

dawn of civilization. Sumerians, Egyptians
and Romans believed sun gods could
deliver wise judgments and bring pros-

perity, as shown in a 4,000-year-old hymn
to Utu, the Sumerian sun god. 38

Practical applications followed soon
after the myths. Around 500 B.C. the
Chinese philosopher Confucius wrote
that young men “attached a bronze
burning mirror” to their belt when dress-
ing for the day. It was used to concentrate
the sun’s light and kindle fires. 39

The Greeks and Romans used similar
mirrors and also incorporated passive
solar heating into their architecture. They
also recounted possibly mythical stories
about large mirrors used in warfare.
The Roman historian Dio Cassius claimed
that Archimedes, the path-breaking
Greek scientist and mathematician, had
helped destroy an invading fleet of
Roman ships around 212 B.C.: “for by
tilting a kind of mirror toward the sun
he concentrated the sun’s beam upon
it; and owing to the thickness and
smoothness of the mirror he ignited the
air from this beam and kindled a great
flame, the whole of which he directed
upon the ships that lay at anchor in
the path of the fire, until he consumed
them all.” 40

The modern era of solar power began
in 1839. french scientist Alexandre-

Nellis Air Force Base in Las Vegas has a new 102-acre, 15-megawatt 
solar generating station, dedicated on Feb. 16, 2016. When coupled with
another solar array completed in 2007, the new solar facility gives Nellis 
the largest solar photovoltaic system in the Department of Defense.

G
et

ty
 Im

ag
es

/E
th

an
 M

ill
er



394 CQ Researcher

SOLAR ENERGY CONTROvERSIES

Edmond Becquerel created a rudimen-
tary solar cell and observed that light
generated electricity. 41 But Becquerel
and other 19th-century scientists still
didn’t understand why such a process
was possible. many researchers returned
to the old idea of using mirrors to con-
centrate the sun’s power, but this time
to generate steam and run engines. Au-
gustin mouchot, another french scientist,
was convinced that the world would

eventually run out of coal, and he created
various solar engines throughout the
1860s and ’70s. mouchot published a
book on solar heat and its industrial
applications in 1869. 42

In the United States John Ericsson,
who during the Civil war designed
the Union ironclad ship Monitor, de-
veloped a “sun engine” in the early
1870s and published numerous articles
about the device, which also generated
steam. Then in 1883 Charles fritts made
the first solar power cells, out of se-
lenium (a crystalline nonmetal with
semiconducting properties), but they
converted less than 1 percent of the

sun’s power into electricity. 43 That
was no competition for fossil fuels and
the new boom in oil wells that began
in 1859 in western Pennsylvania.

A theoretical turning point came in
1905. Albert Einstein explained the sci-
ence behind what he called photo-
voltaics, and he later won the Nobel
Prize for the discovery. Decades later
NASA succinctly explained the revo-
lutionary insight: “Photovoltaics is the

direct conversion of light into electricity
at the atomic level. Some materials ex-
hibit a property known as the photo-
electric effect that causes them to absorb
photons of light and release electrons.
when these free electrons are captured,
an electric current results that can be
used as electricity.” 44

After world war I several prominent
scientists in the United States, Germany
and elsewhere did extensive research,
seeking practical applications for solar
energy. In a 1929 feature for Popular
Science Monthly, Robert H. Goddard,
now remembered as the father of the
U.S. rocket program, said “time and

money are being spent in huge quantities
to dig coal from mines, to pump oil
from wells, and to harness streams for
power, when more than a hundred
thousand times as much power is con-
stantly being delivered free right on the
Earth’s surface.” 45 Charles Greeley
Abbot, an astrophysicist and secretary
of the Smithsonian Institution from 1928
to 1944, obtained numerous patents for
solar cookers, boilers and engines. 46

A 1931 New York Times headline
proclaimed that “Use of Solar Energy
Is Near a Solution.” The article said,
“The new photocell developments
promise an entirely new method of
power production.” 47

But the widespread availability of
cheap fossil fuels tempered enthusiasm
for solar as a major fuel source. So
did the rise of atomic energy following
Einstein’s discovery of the theory of
relativity, which helped lay the foun-
dation for modern physics. After world
war II, scientists and governments
around the world spent vast amounts
of time and money building atomic
bombs and nuclear reactors, pushing
solar research into the background.

Amory Lovins, an American physicist
and authority on energy at the Rocky
mountain Institute, later saw a pattern.
“Diverse societies around the world have
repeatedly invented and refined solar en-
ergy, only to have it scuttled, even for-
gotten, as discoveries of apparently cheap
new fuels — coal, oil, gas, nuclear —
distracted customers, diverted providers,
and befuddled policy makers.” 48

Modern solar Power

In the early 1950s researchers at Bell
Labs in New Jersey made a break-

through that laid the foundation for
today’s boom in solar power. The sci-
entists discovered that receptor cells
made of silicon (the main element in
sand) were far more efficient in con-
verting sunlight into electricity than

Continued on p. 396

Solar Impulse 2, a solar-powered plane piloted by Swiss adventurer Bertrand
Piccard, soars over the Golden Gate Bridge as it arrives in San Francisco on
April 23, 2016, after a three-day, more than 2,000-mile flight from Hawaii. 
The plane is expected to reach New York in June as it continues on its 
around-the-world journey. San Francisco made its own headlines in 
late April when it required the installation of solar panels on all new 
residential and commercial buildings in the city beginning in 2017.
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Chronology
1839-1905 Scien-
tists discover photovoltaics and
later explain how it works.

1839
french scientist Alexandre-Edmond
Becquerel discovers photovoltaics,
the conversion of sunlight into
electricity.

1905
Albert Einstein explains how a
current flows through metal when
it is exposed to sunlight. He wins
the Nobel Prize for this work.

•

1954-1973 Use of
solar power gathers momentum.

1954
Scientists at Bell Labs make the
first solar panels.

1955
western Electric begins to sell
solar-powered products, such as a
dollar bill changer.

1958
Satellites begin to use solar cells.

1963
Solar energy is used to power a
Japanese lighthouse.

•

1973-1990 After
the Arab oil embargo, interest
in solar power grows, then
fades, as world oil prices
plummet in early 1980s.

1973
members of the Organization of Pe-
troleum Exporting Countries (OPEC)
impose an embargo against the

United States, drawing attention to
the need for alternative energy.

1979
President Jimmy Carter installs
solar panels on the white House.

1983
Six-megawatt solar substation in Cali-
fornia supplies power to the grid.

1986
President Ronald Reagan removes
solar panels from the white House.

•

1991-2009 Solar
research grows again as foreign
countries begin large-scale
solar installations.

1991
President George H. w. Bush ex-
pands the federal Solar Energy Re-
search Institute, renamed the National
Renewable Energy Laboratory.

1994
The National Renewable Energy
Laboratory develops a solar cell
that exceeds 30 percent efficiency.

2000
Germany’s Renewable Energies
Sources Act takes effect; backers
seek a long-term transition from
fossil fuels.

2003
Tesla motors is founded by Silicon
valley investors with a goal of
making electric vehicles commer-
cially successful. Elon musk joins
the company in 2004.

2004
Republican California Gov. Arnold
Schwarzenegger calls for the state
to have 1 million solar systems
by 2017.

2005
Congress approves a 30 percent
investment tax credit for solar
systems.

2006
California Public Utilities Commission
approves a $2 billion program to
promote solar power.

•

2010-Present
Solar panel costs fall sharply,
leading to a worldwide increase
in solar use.

2010
Chinese factories start reducing
solar panel manufacturing costs.
That leads to increased sales but
also trade lawsuits and numerous
solar-company bankruptcies in the
United States and Europe, including
the U.S. solar firm Solyndra.

2011
Germany accelerates its transition
to renewable power after the
fukushima nuclear disaster in
Japan in which a tsunami caused
equipment failures that resulted in
the release of radioactivity.

2014
Germany produces 50 percent of its
electricity from solar on one day,
but the ongoing transition to clean
energy causes serious financial prob-
lems for some established utilities.

2015
Congress and the Obama adminis-
tration extend solar tax credits for
five years.

2016
Tesla motors shocks industry experts
by receiving 325,000 advance orders
for a new electric car in the first
seven days after it is announced.
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previously used materials, and the ad-
dition of tiny concentrations of gallium
to the cell surface further improved
efficiency. when Bell held a demon-
stration of the new solar device in
April 1954, The New York Times put
the news on its front page.

“vast Power of the Sun Is Trapped
By Battery Using Sand Ingredient,” the
headline read, and the story said the
discovery “may mark the beginning of
a new era, leading eventually to the
realization of one of mankind’s most
cherished dreams — the harnessing of
the almost limitless energy of the sun
for the uses of civilization.” 49

Earlier solar cells had converted about
one-half of 1 percent of the sun’s power
into electricity. The Bell scientists sig-
nificantly improved that and determined

that silicon cells could theoretically reach
a conversion rate of about 25 percent.
Today new records are set regularly,
with some residential solar panels rated
at 21 or 22 percent. Laboratory tests
of experimental panels have recorded
efficiencies of nearly 50 percent. 50

After the Bell discovery RCA Labs,
western Electric and Soviet scientists
began working on silicon cell efficiency.
Solar had two promising markets: the
emerging space industry, and remote
locations such as lighthouses that were
difficult and costly to supply with con-
ventional power. In 1958 the Vanguard
I satellite used a solar array for its radios,
as did the Soviet Sputnik 3 satellite. By
1962 rapid improvements in efficiency
led to the first telecommunication satel-
lite, Telstar, sending Tv and radio signals
under solar power. 51

However, solar was still far from com-
petitive with fossil fuels. In 1956 Daryl
Chapin, one of the Bell scientists involved
with the breakthrough research, calcu-
lated that it would cost about $1.4 million
to build a solar array powerful enough
for an average house, and that “clearly,
we have not advanced to where we
can compete . . . commercially.” 52

The next breakthrough came from
an unexpected source. In the late 1960s
Elliot Berman, an American chemist,
began looking for ways to reduce the
cost of solar power. Berman persuaded
the oil-industry giant Exxon to finance
his research, and he was soon able to
lower costs from $100 per watt to $20,
in part by using recycled silicon. 53

many oil platforms in the Gulf of
mexico were outfitted with the new
solar panels, and Berman also explored

SOLAR ENERGY CONTROvERSIES

Brian Urbaszewski installed solar panels on the roof of his
modest story-and-a-half Chicago bungalow in late 2014,
but he had been dreaming of them for a long time.

“Honestly, since I was about 11,” says Urbaszewski, 48, who
had imagined powering a room in his boyhood home. Now
Urbaszewski works on air pollution issues for the Respiratory
Health Association of metropolitan Chicago, and he says he
“wanted to do something in my own way to fight back [against
pollution], but I wanted to do it in a way I can afford.”

After he bought his bungalow in 2002 he says he had to
figure out how to fulfill his solar dream. “The cost was the
big leap,” Urbaszewski says. He did not want to lease solar
panels and then have to worry about what would happen if
he sold the house. Leases for a solar system often run 15 or
20 years, and either a new buyer has to take over the payments
or the seller has to buy out the lease and try to price that
into the sale.

Several developments persuaded Urbaszewski a few years
ago that “the stars were all sort of lined up.” Solar panel prices
fell sharply after 2011. In addition, a 30 percent federal solar
tax credit, along with some similar state and local programs,
lets people deduct a portion of the total purchase and installation
cost directly from their tax bill. Chicago also had a program
allowing individual homeowners to pool orders to get further
discounts. And Illinois was granting tax rebates on solar installations
of up to 25 percent.

The programs covered a little more than half of the $14,000
total cost, and Urbaszewski borrowed the remainder. His system
has 14 solar panels.

Urbaszewski’s home was one of 904,000 nationally with solar
as of the end of 2015, according to the Solar Energy Industries
Association, a trade group in washington, D.C. Lyndon Rive,
co-founder of SolarCity, the nation’s biggest provider of solar
systems, said the company installed panels on a roof at a rate
of every three minutes last year. “my goal is to get it to one
home every three seconds,” he said. 1

Numerous factors determine whether homeowners are making
a good investment in solar. One is government regulation. Kelly
Schwarze leased a solar system for his one-story house in Las
vegas in November 2015, expecting to save $50 or $60 per
month on his electric bill — only to see Nevada’s Public Utilities
Commission raise utility rates for solar users a month later, after
utility Nv Energy claimed solar owners were not paying their
fair share of total costs for the electric grid. 2

“I’m obviously upset because of what our state leaders have
done,” Schwarze says. “I think it’s completely irresponsible. . . .
It was my understanding that if I got in, I would be protected.”

Urbaszewski notes that solar costs vary widely by state
because of the presence or absence of rebate programs, so
he urges homeowners to carefully research all the issues
before buying. He says that while he received the 25 percent
state rebate, some people who bought solar panels after he

Homeowners Look to Solar to Save money — and the Environment
But many factors determine whether it’s a good investment.

Continued from p. 394
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the idea of producing thin solar films,
which can be produced in rolls. 54

The 1973-74 Arab oil embargo helped
set the stage for major government sup-
port for solar power. Americans were
angry about rising gas prices and long
lines at gasoline stations, and many
were ready to consider alternative forms
of energy to heat and cool their homes.

Republican President Gerald ford
signed a bill to fund solar research in
1974, and Democratic President Jimmy
Carter began regularly to discuss solar
power and a transition to renewable
energy after he entered the white House
in 1977. “The oil and natural gas we
rely on for 75 percent of our energy
are simply running out,” he said. 55

In 1978 Carter signed the Energy Tax
Act, which for the first time gave resi-
dential and commercial solar installations

a 30 percent tax credit. In a may 1978
address about the founding of a national
Solar Energy Research Institute, Carter
said, “The question is no longer whether
solar energy works. we know it works.
The only question is how to cut costs
so that solar power can be used more
widely. . . . The government will speed
this program by increasing demand for
solar hardware, so that mass production
can help to bring prices down.” He set
a goal of using solar energy in 2.5 million
homes by 1985. 56

Carter and his allies promoted the
economic, environmental and foreign
policy benefits of solar power. In 1979
a congressional study claimed “a massive
shift from oil and coal use to solar energy
by 1990 would create almost three million
new jobs for Americans,” according to
an Associated Press report. 57

The public relations highlight of the
era came in June 1979, when Carter
had solar water heating panels installed
on the white House roof. “Today, in
directly harnessing the power of the
sun, we’re taking the energy that God
gave us, the most renewable energy
that we will ever see, and using it to
replace our dwindling supplies of fossil
fuels,” Carter said. 58 “I’m proposing
major tax credits to speed the devel-
opment and the commercialization of
solar energy. This strong federal com-
mitment to solar energy will be sustained
year after year after year after year. It
will not be a temporary program.”

But it was temporary. Oil and natural
gas didn’t run out, and when Repub-
lican Ronald Reagan took office in
1981 his administration slashed funding
for solar.

did were denied a rebate, partly because of a state budget
standoff.

Another kind of problem also upended Urbaszewski’s price
calculations: A neighboring homeowner built an extension that
blocks some sun during the winter, reducing Urbaszewski’s
solar system’s productivity and the monthly savings on his
electric bill. Still, he says, he expects solar to be a good long-
term investment.

Anne Linehan and her husband installed solar in the Cape
Cod-style house they built in 2007 in Tunbridge, vt., for practical
and environmental reasons. They wanted to help the environment
by using renewable energy, and connecting to the conventional
electric grid would have been costly: Their home is last on a
dead-end road, and they would have had to pay major fees
to bring an underground power line to the house. So they
turned to solar.

Linehan, 43, who works in administration at vermont Law
School, says she “was a little nervous at first” about living off
the grid, but she now has no regrets. “It’s just two of us. I
think for people with kids it might be different,” she says of
their power needs.

They have a wood-fired boiler, propane heat and solar hot
water, as well as a backup generator that they rarely need to
use. After tax rebates the 28-panel solar system, which is mounted
on the ground, not the roof, cost about $15,400, and they have
no electric bills, Linehan says.

Now she loves to brag about being off-grid. Linehan says
so many people have gone off-grid in vermont that their boasting
has inspired a wry Yankee joke. “How do you find out if
somebody lives off the grid?” the joke asks. “Oh, they’ll tell
you” is the reply.

— Kevin Begos

1 Bill mcKibben, “Power to the People,” The New Yorker, June 29, 2015,
http://tinyurl.com/olht8rw.
2 Daniel Rothberg, “warren Buffett discusses Nv Energy, solar rates and
Elon musk in CNBC interview” Las Vegas Sun, march 1, 2016, http://tiny
url.com/jsucj6b.

Solar panels cover part of the roof of a home in 
Pittsfield, Maine.
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“Heavy reliance on these sources is
still in the future,” Reagan said in 1982. 59

Reagan’s administration cut federal funding
and tax credits for numerous solar pro-
grams, suggesting the free market should
take charge. 60 In 1986 the president had
the solar water panels removed from the
white House, and a Reagan spokesman
said “‘putting them back up would be
very unwise, based on cost.” 61

germany and China

Despite Reagan’s shunning of solar,
some research continued during

the 1980s and ’90s, although installations
remained a tiny part of the total electricity
mix. Then other countries began to see
solar power not just as a promising idea
but as a necessity to limit pollution and
global warming. In 2000 Germany began
a wide-ranging program to support re-
newable energy, noting that “in the long
term, the use of solar radiation energy
holds the greatest potential for providing
energy supply which does not have an
adverse impact on the climate.” 62 By
mid-2003, some 100,000 German roofs
had solar installations, and in 2004 the
government passed laws that encouraged
even more growth in the industry. for

years regional and national Chinese of-
ficials and banks offered significant sub-
sidies to solar companies, including loans
and tax breaks. 63

During the same era, China rapidly
expanded solar panel production. China-
based Suntech, once the world’s largest
solar panel maker, was listed on the New
York Stock Exchange in 2005. wholesale
solar panel costs declined and then crashed
after the market was saturated, leading
to bankruptcies and industry consolidation
around the world. The Silicon valley
startup Solyndra collapsed in 2011 and
defaulted on more than $500 million in
federal loan guarantees, leading to wide-

SOLAR ENERGY CONTROvERSIES

In the Nevada desert, billionaire Elon musk is pursuing his
vision of a sustainable future featuring solar energy and
electric cars.

As CEO of Tesla motors, an electric-car company, and as
chairman of SolarCity, the nation’s largest solar company, musk
is building a huge battery factory that aims to lower costs and
attract customers for both companies.

Parts of the “gigafactory” are already operating, and musk
said that when it is finished by 2020, it will be the world’s
largest manufacturer of lithium ion batteries, a type of rechargeable
battery used in electric vehicles and other items such as bat-
tery-driven power tools. That scale of production is expected
to lower costs for Tesla’s electric cars, but it also could benefit
SolarCity because the batteries can be used to store solar-
generated electricity for nighttime use. 1

The idea of pairing solar homeownership with electric car
ownership resonates with many people. A 2012 study by the
California Environmental Protection Agency found that 39 percent
of electric vehicle owners also have home solar systems, and
another 17 percent planned to install panels. Homeowners with
solar, according to the study, use it “to ‘fuel’ their vehicles with
renewable solar energy,” providing a “potentially strong link be-
tween the two markets.” 2

Other car manufacturers besides Tesla are linking the solar
and automobile industries in innovative ways. In 2015 the ford
motor Co. created the second-largest solar carport in the midwest
when it placed a solar canopy over 360 parking spaces at its
headquarters in Dearborn, mich. The carport is expected to
generate 1.13 million kilowatt hours annually — enough to
power 30 electric-vehicle charging stations at the site while
supplying electricity to ford’s headquarters. ford also installed
a 500-kilowatt solar system at an assembly plant in wayne,

mich., in 2010, to help power the production of electric and
hybrid vehicles. 3

Still, the outlook for electric vehicles is mixed, some analysts
say. Car sales are growing, but technological challenges remain.
“I don’t think we can get [to a low-cost battery] without major
technological advancements,” says Jeremy michalek, director of
the vehicle Electrification Group at Carnegie mellon University
in Pittsburgh, adding that although there “certainly could be”
a breakthrough, where it will come from is unknown.

Until a few years ago, electric vehicles were significantly
more expensive to produce than regular cars. The price has
dropped steadily, but the question is how much further it can
drop with current battery technology.

Jay Apt, co-director of the Carnegie mellon Electricity Industry
Center in Pittsburgh, says batteries are improving, but the costs
of materials such as cobalt keep prices high.

Other analysts are more bullish about electric cars. A 2016 study
by Bloomberg New Energy finance, a research and consulting firm,
found that global yearly electric vehicle sales could reach 41 million
by 2040, or about 35 percent of new light-duty car and truck
sales. 4 In 2015, about 540,000 electric vehicles were sold worldwide
— less than 1 percent of the global auto market. 5

Recent advance orders for Tesla’s model 3 mid-market sedan
were startling, said Jessica Caldwell, an analyst at Edmunds.com,
an online database of car prices and other automobile-related
information. In early 2016 Tesla received 325,000 worldwide
reservations for the model 3 in seven days, and company officials
hope to be producing 500,000 electric cars a year before 2020.
“we’ve never seen anything quite like this in the auto industry,”
Caldwell said of the surge in orders. “It is unprecedented.” 6

But in addition to producing cheaper and better batteries
at its Nevada gigafactory, Caldwell said, Tesla must prove that

Solar Energy, Electric Cars Share Sunny Outlook
The two industries can help each other grow, experts say.
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spread media coverage and to criticism
of the Obama administration, which had
touted the company and approved the
guarantees. 64

The long-term question about the solar
boom and bust is “whether governments
and private investors that helped fuel the
go-go first stage of the global clean-energy
drive can exercise enough discipline to
put it on a more economically sustainable
path,” said a 2013 article from the Stanford
Graduate School of Business. 65

But the manufacturing turmoil settled
down, and large and small customers
began to benefit from a stable supply
of low-cost solar panels.

CURRENT
SITUATION
Plunging Costs

Solar prices now run about 57 cents
per watt, down from $100 per watt

in the 1960s. The steep drop has opened
new markets worldwide, including in
impoverished communities in Africa and
Asia that previously lacked electricity.

The consulting firm IHS predicts that
revenue from global sales of solar mod-
ules — the components that go into
panels — will reach $41.9 billion this
year, up from $30 billion in 2013. 66

The bullish outlook is inspiring new
research that aims to make solar panels
even cheaper and more efficient. Crys-
talline solar — panels made out of
crystal silicon — is still used in most
installations, but scientists are experi-
menting with thin-film systems and or-
ganic photovoltaics — an advanced
photovoltaic that uses organic (carbon-
based) electronics. These new panels
have the “potential to provide electricity

it can reliably manufacture large numbers of cars. “Tesla is great
at design and great at technology and marketing,” she said,
“but production has kind of been their Achilles’ heel.” 7 Tesla
has struggled with parts shortages and delivery delays, but says
it is addressing those problems. It also conducted its largest-
ever recall last year over a seatbelt connection issue. 8

Some experts said it is important to remember that the
model 3 isn’t the modern equivalent of a ford model T. “This
is not a mass-market car. It’s not bringing electric vehicles to
the masses; it’s bringing electric vehicles to the next step in
the luxury chain,” said Sam Jaffe of Cairn Energy Research
Advisors, a research and consulting firm in Boulder, Colo. 9

when options are included, the model 3’s base price of
$35,000 will climb significantly for many purchasers.. Buyers put
down $1,000 to reserve a car, but they can cancel and get a
refund. model 3 production won’t begin until late 2017. Tesla said
the advance orders could ultimately generate $14 billion in sales.

michael Dworkin, an electric-industry expert at vermont Law
School, says he sees much progress in the electric car industry.
He cited Chevrolet, which after tax credits now sells a car for
$26,000 that will travel 50 miles on an electric battery, but by
next fall is expected offer one traveling 200 miles on a battery
while selling for under $30,000.

musk shares this optimism. At the model 3’s launch, he said
the ultimate goal is to spur a transition away from gasoline-
powered cars. “why are we making electric cars? why does it
matter?” musk asked. “It’s because it’s very important to accelerate
the transition to sustainable transport” given rising carbon-dioxide
levels from burning fossil fuels. “This is really important for the
future of the world.” 10

— Kevin Begos

1 “Tesla Gigafactory,” Tesla motors, http://tinyurl.com/jj3ek28.
2 “California Plug-in Electric vehicle Survey,” California Center for Sustainable
Energy, 2012, http://tinyurl.com/howlz58.
3 “ford, DTE Energy to Build michigan’s Largest Solar Array,” ford motor Co.,
Aug. 14, 2014, http://tinyurl.com/zmnqu6x.
4 “Electric vehicles to be 35% of global new car sales by 2040,” Bloomberg
New Energy finance, feb. 25, 2016, http://tinyurl.com/gqevroj.
5 “Global Electric Sales Surpass Half a million in 2015,” Clean Technica,
march 8, 2016, http://tinyurl.com/h27w99h.
6 Brian fung and matt mcfarland, “The car industry has never witnessed
what Tesla is about to go through,” The Washington Post, April 4, 2016, http://
tinyurl.com/j4g5bnf. “Tesla Gigafactory,” op. cit.
7 Neal Boudette, “Tesla Recalls model X S.U.v.s,” The New York Times, April 11,
2016, http://tinyurl.com/hg4lf4g.
8 Dana Hull, “Tesla Recalls All 90,000 model S Cars to Check Seat Belts,”
Bloomberg News, Nov. 20, 2015, http://tinyurl.com/ozjlzyk.
9 Julia Pyper, “Tesla’s model 3 won’t Change the world. And that’s OK,”
Greentech media, April 1, 2016, http://tinyurl.com/j5uhdmj.
10 “Tesla Unveils model 3,” march 31, 2016, http://tinyurl.com/hfs974d.

Tesla Model S cars at the electric car maker’s factory in
Tilburg, Netherlands, await delivery on Oct. 8, 2015.
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at a lower cost than first- and second-
generation solar technologies,” accord-
ing to the Department of Energy. 67

But all is not sunny in the solar in-
dustry. falling prices for oil and natural

gas in 2015 and early 2016 have fueled
concerns on wall Street that the demand
for solar energy will weaken this year.
Investors also worry that a few solar
companies have over-expanded. On
April 21 renewable energy company
SunEdison filed for Chapter 11 bank-
ruptcy protection. The company, based
in maryland Heights, mo., spent billions
of dollars buying solar and wind projects
all over the world in 2014 and 2015
but struggled to manage the debt it
took on. wall Street investors and the
U.S. Justice Department began to ques-
tion company accounting, and when
trading was stopped recently SunEdison’s
stock price was 34 cents, down from
about $33 less than a year ago. 68

The net metering issue, in which
solar users sell excess electricity to the
utility, also has been controversial. Util-
ities and regulators across the nation
have been unable to agree on how
to compensate a solar customer who

sells excess power back to the grid,
according to the Clean Energy Tech-
nology Center. Solar firms and envi-
ronmentalists want net metering laws
expanded so that more people can

sell more power, but lawmakers and
regulators are struggling to find a bal-
ance utilities can live with. In New
Hampshire an 8.5 megawatt solar pro-
ject, which would be the largest in the
state, is on hold until net metering
limits are raised. 69

Under the payment compromise be-
tween several solar companies and util-
ities that was announced in New York
in late April, residential solar users
would still get money back from utilities
that purchase power from them under
“net metering,” but only until 2020,
when the net metering rates would
start to decline for new customers. De-
velopers of larger solar projects and
community systems would also pay
extra fees to utilities, based on how
much power they generate. 70

more utilities are embracing solar
energy, according to GTm Research. It
predicts that by the end of this year,
more than half of utility solar instal-

lations will exceed the targets set by
36 states and the District of Columbia
for renewable energy use. 71

And more corporations, including
Amazon, Google and Cisco, are using
solar for power. whole foods market,
a national grocery chain, plans to install
solar on up to 100 stores around the
country. 72 walmart is No. 1 among
corporate solar users, according to the
Solar Energy Industries Association,
with 142 megawatts of solar photo-
voltaic capacity at 348 installations. 73

In 20 states, rooftop solar power
costs about the same as electricity bought
from the grid, and the total could reach
42 states by 2020, according to GTm
Research. But GTm also said that future
surcharges could drastically alter the
outlook. for example, if all rooftop solar
owners had to pay an additional $50 per
month, solar would be cost-competitive
in just two states. “The future of rate
design and net metering rules will shape
the residential solar economic outlook,”
the report said. 74

Political Debates

Congress’ decision in December
2015 to extend the solar tax credit

for five years means that the most sig-
nificant federal policy question is settled
for the near future. Solar proponents
have long defended the credits as fair,
noting that the oil industry has received
special tax credits to encourage pro-
duction since 1916. 75 They also note
that the worldwide playing field is still
heavily tilted toward fossil fuels. The
International Energy Agency estimates
that global fossil fuel subsidies totaled
$490 billion in 2014, compared with
about $112 billion for renewable-energy
subsidies. 76

A wide swath of the public supports
solar power and other renewable en-
ergy, Gallup found. “In a time of notable
partisan polarization, growing support
for alternative energy among Republicans

Continued on p. 402

A technician checks equipment at a Solyndra manufacturing facility in Fremont,
Calif., on Nov. 23, 2010. The much-touted Silicon Valley startup collapsed in
2011 and defaulted on more than $500 million in federal loan guarantees,

leading to widespread media coverage and to criticism of the 
Obama administration, which had approved the guarantees.
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At Issue:
Should governments give tax breaks to promote solar energy?yes

yes

MiChelle KinMAn
CLEAN ENERGY ADVOCATE, ENVIRONMENT
CALIFORNIA RESEARCH & POLICY CENTER

Written for CQ RESEARCHER, APril 2016

e very two minutes, another American family or business
goes solar, helping to clean our air, fight climate change,

improve the reliability of our electricity grid, boost the economy
and create jobs. The explosive growth of solar power in recent
years is a result of a number of forward-thinking public policies,
not the least of which are tax incentives.

Solar energy tax credits support a clean, pollution-free resource.
Offering solar tax credits provides families and businesses with
help on the high, but declining, upfront costs of going solar and
provides lenders and investors with long-term certainty. According
to the Environment America Research & Policy Center in Boston,
tax-credit programs are almost twice as common in the top 10
solar states as in the rest of the country.

what’s more, tax credits can work in tandem with other
proven policies to expand solar opportunities for all, as in
California. while California does not have state solar tax credits,
our state has become the nation’s solar leader thanks to
strong federal solar tax credits combined with thoughtful state
and local policies, such as requiring increased production of
renewable energy, crediting solar-energy producers for energy
they add to the grid, and providing incentives for the develop-
ment of renewable-energy technology.

As such, I breathed a sigh of relief — and cleaner air —
when Congress extended the Solar Investment Tax Credits last
year. The Solar Energy Industries Association has calculated
that solar generation in the United States will offset more than
100 million metric tons of carbon dioxide annually by 2021,
with a quarter of those emissions resulting from the extension
of the federal solar tax credit. According to the Environmental
Protection Agency, this is the equivalent of taking 20 million
passenger vehicles off our roads.

we need solar energy to solve the climate crisis and create
healthier communities. Yet the burgeoning solar industry is
competing with the fossil fuel industry, which enjoys billions
in subsidies annually and whose prices do not include the
external costs they impose on the society of today and tomor-
row, such as air pollution and global warming. Tax credits
have a clear track record of success in stimulating the growth
of solar energy, helping to level the playing field.

Solar tax credits are an effective, proven tool for increasing
the growth of solar power, a key component of the 100 percent
clean energy future demanded by the climate crisis.no

KAtie tuBB
POLICY ANALYST, HERITAGE FOUNDATION’S
THOMAS A. ROE INSTITUTE FOR ECONOMIC
POLICY STUDIES

Written for CQ RESEARCHER, APril 2016

t he solar industry itself has made the case for why we
should not continue doling out tax credits. It installed a
record 7.3 gigawatts of solar capacity in 2015 — a 16 per-

cent increase from the previous year. The United States ranks in
the top five globally for solar capacity and new installations.

modern, more efficient solar power now makes good eco-
nomic sense in certain parts of the country. Bloomberg New
Energy finance forecasts the industry in America will likely
triple by 2022, even without federal tax credits. The Institute
for Local Self-Governance estimates: “In 22 states, at least one
gigawatt of solar (and often much more) could be installed at
a comparable cost to retail electricity prices by 2017, tax credit
not included.”

Even the CEOs of some solar companies say tax credits are
unnecessary. Noting that the industry has had six years to plan
for the phase-out of the federal investment tax credit, Sunnova
Energy Corp. CEO John Berger informed Congress: “we do not
believe an extension of this credit is necessary for the continued
health of the solar industry. In fact, quite the opposite is true. If
the credit is allowed to step down as planned, the industry will
remain more robust in both the long and short term.”

Despite solar’s apparent health, robustness and maturity,
some in the industry still lobbied Congress for yet another ex-
tension of solar tax credits last year. That should raise red flags.

The fact is, tax credits and other subsidies reward the
wrong things. They do not just prop up uncompetitive com-
panies. A marketplace crowded with companies dependent on
subsidies makes it harder for truly productive, solvent compa-
nies to compete.

Nor do tax credits make solar energy less expensive. They
just make more people (taxpayers, many of whom aren’t cus-
tomers) pay for it.

worse, subsidies remove the incentive for companies to 
innovate and build better business models that actually reduce
costs and increase the efficiency of solar energy. Instead, tax
credits tie the solar industry to boom and bust cycles induced
by political decisions made in washington, not by real market
demand. Such crony capitalism serves consumers poorly.

Solar companies who say they do not need the credit are
labeled “outliers.” But what the market needs are more “outliers,”
not more companies whose business model depends on per-
petual subsidies from taxpayers.
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and Democrats represents a rare instance
where a bipartisan coalition could form,”
the polling firm said in march. 77

Still, the presidential candidates in
both parties offer a wide range of opin-
ions on solar and renewable energy,
according to a League of Conservation
voters analysis.

Sen. Ted Cruz, a Texas Republican
and candidate for the GOP presidential

nomination, said he supports an “all of
the above” energy strategy that includes
solar, coal, oil, gas and nuclear. But Cruz
voted in 2015 against legislation that
aimed for a national goal of 25 percent
of electricity from renewable sources by
2025. 78 Cruz opposes most federal energy
subsidies and says competition should
determine who succeeds.

Republican presidential front-runner
Donald Trump hasn’t made recent de-
tailed comments about solar power, but
in 2012 he told fox News that “solar,
as you know, hasn’t caught on because,
I mean, a solar panel takes 32 years
— it’s a 32-year payback. who wants
a 32-year payback? The fact is, the tech-
nology is not there yet.” 79 (Solar ad-

vocates dismiss his claim that users need
32 years to recover the cost of their
investment, as well as his assertion that
solar technology remains unproven. 80)

Republican Gov. John Kasich of Ohio
— a coal and natural-gas producing
state — has defended fossil fuels be-
cause of their importance to employ-
ment and the economy. But presidential
candidate Kasich, who trails Trump and
Cruz in the GOP delegate count, also

has said that “I believe in wind and
solar” and that the United States needs
to be energy independent. 81 Environ-
mentalists, however, have criticized his
record as Ohio governor, noting that
in 2014 he signed a two-year freeze
on clean-energy standards that required
the state to generate 25 percent of its
energy from “advanced” energy sources,
half of them renewables, by 2025. 82

The two Democratic candidates are
urging major investments in solar. “I
want to have half a billion more solar
panels deployed in the first four years
[of my presidency],” former Sen. Hillary
Clinton of New York said in february.
Her energy platform calls for “mod-
ernizing North American energy infra-

structure” and setting “coordinated tar-
gets for clean energy.” 83

Sen. Bernie Sanders of vermont said
in January that “we need to keep fossil
fuels in the ground and move to 100
percent renewable energy.” In 2015 he
sponsored legislation to put solar panels
on 10 million roofs by 2025, but the
measure failed in the Senate. 84

In some states pro- and anti-solar
groups seek to give voters the final say
on a variety of issues. when florida solar
advocates campaigned for a constitutional
referendum that would let individuals or
businesses lease or sell power indepen-
dently, utilities created a competing ballot
proposal that critics said maintained the
status quo. Then the florida Legislature
added a different solar constitutional
amendment to this year’s primary vote
in August that would give property tax
exemptions for solar installations. Pro-
and anti-solar forces in Nevada are seeking
to put referendums on the ballot, too.

in  the Courts

Numerous court cases on the local,
state and federal levels could affect

solar power’s growth, says Klein, the En-
vironmental Law & Policy Center lawyer,
and some pending national rulings could
help settle recurring controversies.

The U.S. Supreme Court’s review of
the Obama administration’s Clean Power
Plan affects solar growth nationwide,
Klein says. The Clean Power Plan seeks
to wean the energy sector from coal
and replace it with cleaner sources, in-
cluding solar. more than 24 states and
several industry groups and utilities sued
last fall, arguing the plan is illegal. 85

Klein says he expects the Supreme
Court to uphold the plan, though a
timeline for the court to review the
issue remains unclear in the wake of
Associate Justice Antonin Scalia’s death
in february. If the plan is upheld, it
would remove “one of the typical excuses
for states to hold back” from solar and
other renewables, Klein says. 86

SOLAR ENERGY CONTROvERSIES

Continued from p. 400

Bill McKibben is co-founder of the environmental group 350.org, which supports
solar energy development and is pushing for an end to fossil fuel use. 
McKibben says utilities should adapt to solar’s rise instead of resisting it.
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Experts and renewable energy ad-
vocates had feared that an unrelated
Supreme Court case, Hughes v. Talen
Energy Marketing, could indirectly slow
solar energy growth. A coalition of
electric power companies argued mary-
land had wrongly infringed on the fed-
eral Energy Regulatory Commission’s
authority to regulate interstate electricity
transmission by subsidizing the con-
struction of new power plants.

In April the court sided with the util-
ities, striking down the maryland program
in a unanimous ruling. However, Asso-
ciate Justice Ruth Bader Ginsburg wrote
for the majority that “nothing in this
opinion should be read to foreclose
maryland and other states from encour-
aging production of new or clean gen-
eration” in a number of other ways. 87

Steven ferrey, a massachusetts lawyer
and professor who specializes in energy
law, says several state laws encouraging
renewable energy have been challenged
on constitutional grounds. Although the
courts recognize that states can provide
tax credits to in-state renewable energy
projects, he says, states that provide or
deny incentives to projects that cross
state lines may be encroaching on federal
authority under the Constitution’s Com-
merce Clause. ferrey says he doubts
the Talen case will have a huge impact
on renewable energy but adds that states
have to make sure their programs don’t
infringe on federal authority.

OUTLOOK
Boom to Continue?

Despite the political and legal un-
certainties surrounding the solar

industry, the boom in both utility scale
and rooftop solar installations is ex-
pected to continue. The Solar Energy
Industries Association predicts that by
2020 the industry will be employing

220,000 more workers in manufactur-
ing, installation, sales and other jobs,
and that solar will be generating about
3.5 percent of the nation’s electricity,
up from about 1 percent in 2016. 88

Bloomberg New Energy finance,
which produces reports and provides
research to businesses, said the federal
tax credits will drive about $38 billion
of investment in U.S. solar through 2021
and that when the credits expire, “solar
and wind will be the cheapest forms
of new electricity in many states across
the U.S.” 89

Dworkin of vermont Law School says
solar generation in the United States
will catch up to wind at some point,
and he is more optimistic than the
Solar industries association about solar’s
potential growth: Rooftop solar will be
supplying 10 or 15 percent of the na-
tion’s power, he predicts. Utility-owned
solar will grow, too, he says.

“I think the battery storage is going
to be less of a problem than we thought
it would,” so the nation could transition
from fossil fuels to more than 50 percent
renewable energy by about 2035,
Dworkin says. “I don’t know whether
we can do it in 10 years. But I think
within 15 to 20.”

There is broad agreement that utilities
will face continuing pressures to adapt.
“If you look 10 years out, we’re going
to have to come up with some solu-
tions” for utilities, so they can properly
value solar production and allow “the
new utility business model to also
work,” says Gallagher of the Solar in-
dustries association.

The Department of Energy’s Sun-
Shot program, which seeks to make
solar energy fully cost competitive
with traditional energy sources before
2020, provides funding for research
and training projects that encourage
solar manufacturing and use. The de-
partment estimated that continued
cost reductions could result in solar
energy meeting 14 percent of U.S.
electricity needs by 2030 and 27 per-
cent by 2050.” 90

The Solar industries association pro-
jects that there will be 394,000 new
rooftop solar installations this year;
479,000 in 2017; 539,000 in 2018,
628,000 in 2019; and 686,000 in 2020.
If those estimates hold true, 3.6 million
homes could have solar in five years,
up from 904,000 in 2015.

Radha Adhar, who works on federal
policy for the Sierra Club says the
group is “thrilled by the record-breaking
growth in the solar industry. And,
frankly, we’re not surprised. Solar energy
delivers triple-line benefits. It’s good
for our economy, it’s good for public
health, and it’s good for the environ-
ment. Now that Congress has finally
provided the industry with the policy
certainty they need, we know the solar
industry will have a bright future.”

Big utilities are trying new approach-
es, too. Duke Energy is participating
in community solar projects, supplying
grants to help schools and other non-
profits install solar. Duke spokesman
Ryan mosier said the company is “look-
ing at the business case for shared
solar for customers in each of the states
we serve.” 91

Still, the growth of solar and other
renewables can still cause major
headaches for many utilities, some energy
experts say. weisgall of Berkshire Hath-
away Energy said utilities and regulators
in areas that have seen tremendous
growth in renewables, such as western
states, have also seen real turmoil. The
growing number of suppliers in solar
and other renewable energy sources
are joining an outdated, fractured grid
that can border on chaotic. “To call
the western grid Balkanized is an insult
to macedonia,” weisgall said. 92
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edison electric  institute, 701 Pennsylvania Ave., N.w., washington, DC 20004-
2696; 202-508-5000; www.eei.org/Pages/default.aspx. Association representing investor-
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CO 80401; 303-275-3000; www.nrel.gov/about/golden.html. federal center for re-
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