Chapter 2

Public Benefits of
Renewable Energy Use—Why Switch?

Renewable energy can supply a significant proportioproblem. Air pollution also causes disease and even
of the United States’ energy needs, creating many pupremature death among vulnerable populations, in-
lic benefits for the nation and for states and regions, ircluding children, the elderly, and people with lung dis-
cluding environmental improvement, increased fuel diease. A 1996 analysis by the Natural Resources De-
versity and national security, and regional economifense Council of studies by the American Cancer

development benefits. Society and Harvard Medical School suggests that
small particles in the air may be responsible for as
Environmental Benefits many as 64,000 deaths each year from heart and lung

Using fossil fuels—coal, oil and natural gas—to makaliseasé.Figure 1 shows that air pollution is responsible
electricity dirties the nation’s air, consumes and polfor more deaths than motor vehicle accidents, and ranks
lutes water, hurts plants and animal life, creates toxihigher than many other serious health thrédtsew of
wastes, and causes global warming. Using nuclear fuelse most important pollutants are discussed bélow.
poses serious safety risks. Renewable energy resources Sulfur oxides. Electricity production, primarily
can provide many immediate environmental benefits bfrom burning coal, is the source of most emissions
avoiding these impacts and risks and can help consereé sulfur oxides(SQ), as figure 2 shows. These
fossil resources for future generations. Of course, rehemicals are the main cause of acid rain, which can
newable energy also has environmental impacts. Fonake lakes and rivers too acidic for plant and animal
example, biomass plants produce some emissions, alif@. Acid rain also damages crops and buildings. Na-
fuel can be harvested at unsustainable rates. Windfarrienal reductions in sulfur oxides required by the Clean
change the landscape, 2 dFigure 1. Number of Deaths by Cause (1989)
some have harmed birds.
Hydro projects, if their
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Source: Curtis Moore, "Dying Needlessly: Sickness and Death Due to Energy-Related Air Pollution”, Renefvable
Energy Policy Project Issue Brief #6, February, 1997. On-line at solstice.crest.org/renewables/repp.
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Figure 2. Sources of Sulfur Dioxide
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Carbon dioxide Carbon dioxide (Cg) is the most
important of the greenhouse gases, which contribute to
global warming by trapping heat in the earth’s atmos-
phere. Electricity generation is, as figure 4 shows, the
largest industrial source afarbon dioxideemissions
and a close second to the transportation sector.

Samples from air bubbles trapped deep in ice from
Antarctica show that carbon dioxide and global tem-
perature have been closely linked for 160,000 years
(see figure 5). Over the last 150 years, burning fossil
fuels has resulted in the highest levels of carbon diox-
ide ever recorded. In 1995, the Intergovernmental Panel
on Climate Change—an authoritative international sci-

Air Act Amendments of 1990 may not be sufficient toentific body—concluded that “the balance of evidence
end damage from acid rain in the northeastern Unitegliggests that there is a discernible human influence on

States' SO, is also a primary source of fine particles in

the air.

Figure 3. Sources of Nitrogen Oxides

Nitrogen oxides. Burning fossil fuels either to
produce electricity or to power transportation emitg
nitrogen oxides (NQ) into the air (see figure 3)n
the presence of sunlight, nitrogen oxides combine witl
other chemicals to form ground-level ozone (smog)
Both nitrogen oxides and ozone can irritate the lungg
cause bronchitis and pneumonia, and decrease reg
tance to respiratory infections. In addition, research
shows that ozone may be harmful even at levels &
lowed by federal air standards. The U.S. Environmentg
Protection Agency (EPA) has published a new rule re|
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ducing nitrogen oxideemissions from 0.12 parts per

million to 0.08 parts per million. States have until 2003global climate.® All 10 of the warmest years on record

to submit plans for meeting the new standard and up teave occurred in the last 15 years. The 1990s have al-

12 years to achieve t.

Figure 4. Sources of Carbon Dioxide
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ready been warmer than the 1980s—the warmest previ-
ous decade on record, according to the Goddard Insti-
tute of Space Studiés.

Without action, carbon dioxide levels would double
in the next 50 to 100 years, increasing global tempera-
tures by 1.8 to 6.8egrees Fahrenheit. The heat trapped
in the atmosphere would cause expansion of the
ocean’s volume as surface water warms and melt some
glaciers. A two-foot rise in sea level could flood 5,000
square miles of dry land in the United States, and an-
other 5,000 square miles of coastal wetlands, as figure 6
shows. From 17 to 43 percent of coastal wetland—
prime fish and bird habitat—could be lost. Building
dikes and barriers could reduce flooding of dry land,
but would increase wetland losknpacts on island
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Figure 5. Atmospheric Carbon Dioxide
Concentration and Temperature Change
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Source: White House Initiative on Global Climate Chantober, 1997. On
line at www.whitehouse.gov/Initiatives/Climate/greenhouse.html.

would increase wetland lodsmpacts on island nations
and low-lying countries, like Egypt and Bangladesh
would be much worse.

Altered weather patterns from changes in climat
may result in more extreme weather events. Some arg

will suffer more drought and others more flooding, putf

ting crop production under great stress in some regior
The character of our forests could change dramaticall

Other expected impacts include an increase in hegt- cutting down 100 million trees

related deaths, increased loss of animal and plant sj
cies, and the spread of pests and diseases into new
gions with less resistance to thém.

In 1997, at a conference in Kyoto, Japan, the deve
oped nations of the world agreed to reduce carbon ¢
oxide emissions. The United States agreed to 7 percd

reductions from 1990 levels by the period 2008-201%.
Senate ratification of this agreement remains uncertaip, « 170 pounds of mercury, 225 pounds of arsenic,

however.
Other air pollutants. Burning fossil fuels, espe-
cially coal and oil, produces a host of other ai

pollutants in addition to those discussed above. Among
them are

e Carbon monoxide (CO), which can cause head-
aches and place additional stress on people with
heart disease

e Hydrocarbons (HC), which come from unburned
fossil fuels and contribute to smog

e Large patrticles such as dust, soot, smoke, and other
suspended matter, which are respiratory irritants

« Small (so-called “fine”) particles, which have been
linked to chronic bronchitis, aggravated asthma,
and premature deaths

Large particles (10 microns in diameter) are regu-
lated by the Clean Air Act. In 1997, the Environmental

A typical 500-megawatt coal plant produces
3.5 billion kilowatt-hours per year—enough to power|
a city of about 140,000 people.

It burns 1.4 million tons of coal (the equivalent of 40
train cars of coal each day) and uses 2.2 billion gal-
lons of water each year. In an average year, this ong
plant also generates the following:

e 10,000 tons of sulfur dioxide

e 10,200 tons of nitrogen oxide, equivalent to half
a million late-model cars

y. * 3.7 million tons of carbon dioxide, equivalent to

"€~ . 500 tons of small particles

e 220 tons of hydrocarbons
- 720 tons of carbon monoxide

nt © 125,000 tons of ash and 193,000 tons of sludge
from the smokestack scrubber

114 pounds of lead, 4 pounds of cadmium, and
other toxic heavy metals

e Trace amounts of uranium
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Protection Agency published a new rule limiting emisimmediate environment. Oil spills kill plants and ani-
sions of fine particles (2.5 microns). States have untinals, often leaving waterways and the surrounding
2005 to 2008 to submit plans to the EPA for meetinghores uninhabitable.
the standard, and another 12 years to actually comply.  Fossil fuels produce heat energy when burned,
In addition, coal and oil contain air toxics—metalssome of which is used to generate electricity. Because
like mercury, arsenic, and lead. Although only tracehe process is inefficient, about two-thirds of the heat is
amounts of these metals are present in coal and oil, thegleased to the atmosphere or to water used as a
are difficult to catch using pollution-control equipment.coolant. Heated water, once returned to rivers or lakes,
Utility coal burning accounts for 40,000 tons of toxiccan upset the aquatic ecosystem. And water intake, out-
air pollutants per yedf. For example, coal plants are flow, and cooling systems can trap and kill fish and fish
responsible for over a third of the 150 tons of mercurjarvae.
that are released into the air each yéar.
Once deposited in nature, toxic metals can acclEconomic Benefits of
mulate in the fatty tissue of animals and humans. TheReducing Environmental Impacts
can cause severe health problems, such as mental refHine many environmental impacts described above re-
dation, nervous system damage, and developmental d&#lt in real costs to society and to individuals. When
orders. Due to the accumulation of toxic metals irsuch costs are not included in energy prices, they are
fish—some of it as a result of air pollution—35 stategeferred to as “externalities.” During the 1990s, efforts
have advisories against eating fish caught in lakes arthve been made to calculate the dollar costs of such
rivers. Children and preghant women are the most aixternalities and, in some cases, to include them in en-
risk.*? ergy planning decision$.In 1998, the Minnesota Su-
Water, Land, and Thermal Pollution. Energy preme Court upheld a state law requiring that utility
production and use also have profound impacts on wglanning consider externalitiés.
ter and land. There are direct impacts, such as oil spills The largest external costs from pollution are proba-
and coal mining, and indirect impacts from air emisbly human health costs, in the form of health treatment
sions settling out on land and water. Land and watarosts, higher health insurance rates, missed work, and
damage can occur throughout the life cycle of fossil fulost life. According to an exhaustive survey of health
els, from mining, drilling, and
refining, to shipping, use, anf Figure 6. US Coastal Lands at Risk from a 20-inch
disposal. Sea-Level Rise in 2020
Coal mining contributeg 4000
to land and water pollution

New mining practices somer 3000

times level mountains. Toxi¢ 9 W Drylands
chemicals brought to the surfage £ 20001 . O Wetlands
during the mining process can £

leach into water suppli€s.| g 1000

Railroad and barge transpor- . . ' !>

tation of coal releases coal dulst 0
and is vulnerable to accidents.
Finally, after the coal is burned, 1000 ‘ ‘ ‘ ‘

. Northeast Mid-Atlantic South S&W Louisiana Rest of Gulf West
ash is left as a waste product. Atlantic Horida Coast

Drilling for oil and natural
gas can also pollute the Source: EPA Air Quality and Emissions Report, 1996
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impacts by the Pace University School of Legal Studies Figure 7. Nuclear Power Plant Cooling Tower
and studies by the American Lung Association, the an-

nual US health costs from all air pollutants may be as

high as hundreds of billions of dolldfsHowever, un-

less policies are adopted so that utility rates account for

these societal and environmental costs, customers may
ignore them when deregulation enables customers to
choose their generating sources. Such policies might
include pollution taxes or placing total limits on each |
emission for the geographic area affected by the emis- Bk
sion (see Chapter 4).

Even without considering externalities, both indus-
try and individuals stand to gain from increased reli-
ance on renewable energy. Because renewables produce
little or no pollution, they can reduce regional pollution
and thereby reduce the costs for neighboring industry to
comply with environmental regulations.

The savings are not always obvious. Environmental
regulations usually focus on one pollutant at a time, as
scientific knowledge about the impacts of the pollutant
develops. Then, when government imposes a new
regulation, industry may add a series of new pollution
controls. Compared with any single pollution-control
requirement, replacing the fossil fuel generator with a
renewable energy technology may look expensive. But |
if all potential future controls are considered together,
renewable technology can look far more attractive. As
of 1998, a host of new environmental regulations were
pending: ’

Mercury and other toxic metals have been the sub-

ject of substantial research by the Environmental

+ The level of ozone (smog) allowed in ambient air is  Protection Agency. The EPA has announced it will
being reduced from 0.18 to 0.08 parts per million. require coal-fired plants to disclose discharges, and

«  Nitrogen oxides have long been regulated under the It willlgjse the data to decide on regulations by late
Clean Air Act. In determining how to allot reduc- 2000:

tions among industries, state governments are likely Carbon dioxide emissions would need to be re-
to target utilities for major reductions. duced to implement the Kyoto agreement on global
Sulfur dioxide limits will be tightened in the year warming:®
2000 when Phase Il of the Clean Air Act goes int@onversion now to renewable technologies would fore-
effect. This will affect every coal-burning power stall the need for future retrofits to achieve compliance
plant in the country. with these regulations.
- Fine particles are being regulated for the first time, A 1997 study—the Hidden Benefits of Climate
with final rules expected by 2005. Policy: Reducing Fossil Fuel Use Saves Lives Now
illustrates the benefit of multi-emission reductions. Re-
searchers found that measures to reduce global carbon
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dioxide emissions—including increasing the use of rethe corporate experience level and may possibly in-
newables—could save 700,000 lives each year andcaease the frequency of human error. Some nuclear
cumulative total of 8 million lives worldwide by 2020, utilities reduce costs by scaling back safety monitoring

in part by such pollutants as fine particles. efforts, such as inspecting and testing safety equipment
less often and postponing preventive maintenance.
Nuclear Risks In addition to safety issues, nuclear plants continue

Although nuclear power plants avoid many of the aito be problematic because of their spent fuel rods and
emissions associated with fossil fuel plants, they creather radioactive waste. By 1995, US nuclear plants had
unique environmental risks. A combination of humarnproduced almost 32,000 metric tons of high-level radio-
and mechanical error could result in an accident killingictive wasté? Finding a way to keep this waste out of
several thousand people, injuring several hundred thothe environment for the thousands of years it remains
sand others, contaminating large areas of land, amddioactive has proven difficult. Problems such as
costing billions of dollard’ While the odds of such an groundwater contamination led to four of the six com-
accident are low, the Chernobyl accident in 1986nercial facilities that store low-level radioactive waste
showed that they can occur. being closed® And, despite years of research, the per-
Major nuclear accidents can only result from manymanent repository the government hopes to build at
failures occurring at about the same time. But in ordeYucca Mountain still has unresolved issdes.
to maintain safety margins, inspectors and tests must But regardless of the environmental issues, it is
identify equipment problems, and plants must have a@conomics that is most hurting the nuclear industry. In
curate procedures to minimize worker errors. A 1998998, about 40 percent of the nuclear plants in the
report by the Union of Concerned Scientists found &nited States were producing power at prices above the
breakdown in quality assurance during a one-year studhort-term market rafé.A study by the Washington
of a 10-plant focus group. The plants’ internal auditorsnternational Energy Group concludes that about 37
did not identify in advance any of more than 200 probpercent of the combined nuclear capacity of the United
lems reported in 1997. In addition, many problems reStates and Canada could be retired as a result of com-
sulted from worker errors or poor procedured. 1997  petition? If fossil fuels are the only replacement op-
report by the US General Accounting Office criticizedtion, early nuclear retirements will raise the cost for the
the Nuclear Regulatory Commission (NRC) for failingcountry to comply with emission-reduction goals. Most
to catch declining performance at some plénhithese of the planned increases in US natural gas capacity
findings are especially significant at a time when nu€ould be needed to replace these retiring nuclear plants,
clear plants are cutting costs to become more competithich means that little new capacity would be available
tive. Cutting costs need not jeopardize nuclear saf
but maintaining safety in this environment requires i

Figure 8. Sources of US Electricity (1996)
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to displace coal generation. Even if the nuclear plantsets, they are not subject to price fluctuations resulting
were to operate until the end of their license periodsrom increased demand, decreased supply, or manipu-
abundant low-emission replacement options would bkation of the market. And since fuel supplies are local,
needed. The availability of significant renewable genrenewable resources are not subject to control or supply
eration could help to mitigate these nuclear-replacemeitterruptions from outside the region or country. Some
problems, lowering the costs of regulatory compliancéndustrial customer trade groups have supported new
for industry as well as utilities and avoiding the risksrenewable energy development primarily for their di-

inherent in nuclear power generation. versity benefits. For example, Associated Industries of
Massachusetts, a trade group of manufacturers, testified
Diversity and Energy Security Benefits in support of a utility restructuring settlement including

Renewables offer benefits not only because they camrenewables fund, stating: “Fuel diversity is important
reduce pollution, but because they add an economicalty the Commonwealth’s future. It would not be advis-
stable source of energy to the mix of US generatioable to place all our eggs in the natural gas basket.”
technologies. Depending on only a few energy re- An additional benefit of increased competition from
sources makes the country vulnerable to volatile pricegnewables—and thus reduced demand for fossil fu-
and interruptions to the fuel supply. As figure 8 showsels—could be lower prices for electricity generated
the United States relies heavily on coal, with nucleafrom fossil fuels. Several analyses reviewed in Chapter
power and natural gas supplying most of the rest. 2 show that competition from increasing renewables
Natural gas is generally considered the fuel otould reduce natural gas prices. A comprehensive mod-
choice for new power generation, because it is cleaneting project of the New England Governors’ Confer-
than coal and sometimes less expensive. But overreknce found that an aggressive renewables scenario, in
ance on natural gas could also create problems. Fossihich renewables made up half of all new generation,
fuels are susceptible to supply shortages and pricgould depress natural gas prices enough to lead to a
spikes?® slight overall reduction in regional electricity prices
Since most renewables do not depend on fuel macompared with what prices would be if new generation

Figure 9. Average Electricity Prices came p rimarily from fossil fueiS:
(See figure 9.)
9507 The nation’s fossil fuel
9.45 dependence also has serious
< Base . . . . .
; 9.40 - q o implications for national security,
x = - - - -Increased Renewables since the United States could
- . .
o 9357 . again be forced to protect foreign
o 9.30 - ) sources of oil to meet our energy
n 7 , . .
= 9.05 . needs. During the Persian Gulf
8 ’ ’ War in 1991, US troops were sent
- 9.20 - N in partly to guard against a
® 915- possible cutoff of the US oil
3 supply. The public continues to
9.107 pay taxes to support the pro-
9.05 ‘ ‘ ‘ ‘ | | | | | | . | tection of overseas oil supplies by
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2d1dJS armed forces.
Year Reliance on foreign oil also
, makes the United States vulner-
Source: Assessing New England's Future, New England Governors' Conference, Inc., 12-11-1996 .
able to fuel price shocks or
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shortages if supply is disrupted. In 199

about a third of US oil came from the Midd| TABLE1 , .

East. By 2030, if energy policy does n Employment in the Renewable Electricity Industry
change, the country may be relying on Mi Direct Indirect Total
dle Eastern, and possibly Central Asian, _ Employment  Employment  Employment
for two-thirds of its supply. Some analys W'“d (1992) 1,260 4,350 5,610
believe that oil discovery peaked in the ea E':massl (1_992;994 ii’?)%%
1960s and that a decline in global oil pr otovoltaics (1994) ’

. . . . Solar Thermal (1994) 250 250 500

duction, and the beginning of increasing

. . ) L | Geothermal (1996) 10,000 20,000 30,000
high prices, will occur within 10 to 12
years? Total 116,860

~ Some re.g'ions, especially New England,. . Renewables can mean increased revenues for local
still use significant amounts of oil for electricity gen-|3ndowners. A Union of Concerned Scientists (UCS)
eration even though nationwide most oil is used fopnalysis found that farmers could increase their return
transportation. Electric vehicles, especially .|f powe_re(‘tl)n land by 30 to 100 percent from leasing part of it for
from renewable sources, could also play an increasinglyind turbines while continuing to farffi Another study
important role .|n reducing oil us.e and §m|_33|ons froMound that adding 10,000 MW of wind capacity nation-
the transportation sector. And higher oil prices, abserémy would generate $17 million per year in land-use
sufficient fuel. competition, could lead to higher pricessasement payments to the owners of the land on which
for other fossil fuels. the windfarms are situated, and $89 million per year

. . from maintenance and operati(f‘ﬁs.
Economic Development Benefits Renewables can contribute heavily to local taxes.

Renewable energy technologies can not only keep dqlying farms in California pay $10 million to $13 mil-
lars in this country, but also create significant regionafyn in property taxes. And manufacturing capital-
benefits through economic development. Many stat€giensive renewables technologies can also be done
are dependent on energy imports. lowa and Massachysmestically. According to the American Wind Energy
setts, for example, each import about 97 percent of thessciation, at least 44 states are involved in manufac-
energy they us&. Renewable technologies create jObSturing wind energy system componefits.
using local resources in a new, “green,” high-tech in- 5 ycs analysis for Wisconsin found that, over a
dustry with enormous export potential. They also eX30-year period, an 800-megawatt mix of new renew-
pand work indirectly in local support industries, like gples would create about 22,000 more job-years than
banks and construction firms. As table 1 shows, duringey natural gas and coal plants wotild New York
the 1990s, the US renewable electricity industry emgiste Energy Office study concluded that wind energy
ployed nearly 117,000 peopte. would create 27 percent more jobs than coal and 66
Some renewable technologies, like biomass, argercent more than a natural gas plant per kilowatt hour
relatively labor intensive, which is one of the reasongenerated® A study of energy efficiency and renewable
they are slightly more expensive than their fossil fuebnergy as an economic development strategy in Colo-
counterparts. For example, growing, harvesting, anghqq by Economic Research Associates found an energy
transporting biomass fuels all require labor, as doeg savings of $1.2 billion for Colorado ratepayers by
maintaining the equipment. This means that much 0§g10 with a net gain of 8,400 joffs.
the revenue for installing, fueling, and operating renew- The california Energy Commission estimates that
able power plants remains within the region where thg,o 500 MW of new renewables that will be built using
power is used. $162 million in public benefits funding in the state re-
structuring law will induce
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* $700 million in private capital investment able to use smaller transformers or reduce the size or
number of power lines going to the neighborhood. Dis-
tributed generation reduces the wear and tear on exist-
ing distribution equipment, thereby delaying the need to
900 ongoing operations and maintenance jobs witkeplace or upgrade the equipment. And distributed gen-
$30 million in long-term salaries eration reduces power losses through the transmission

. gross state product impacts of $1.5 billion duringsystem, so that less electricity needs to be produced in

- 44
construction and $130 million in annual ongoingth€ first place.
operation& A UCS study found that in certain neighborhoods

in the Boston area, the value of avoiding transmission

In addition to creating jobs, renewables can imyng gistribution expenditures would more than pay for

prove the economic competitiveness of a region by,e exira cost of using such distributed renewables as
enabling it to avoid additional costly e”Vironmentalphotovoltaics, solar water heaters, and fuel é2lls.

controls on other industries, as well as by stabilizingMany other studies during the 1990s have also pointed

long-term energy prices. _ _ to added value from distributed generation.
Renewables can also contribute to economic devel-  pigiributed generation can also provide “premium

opmgnt by providing opportuqities to build export in'power” to customers, improving power quality and
dustries. In developing countries that do not have elegystem reliability’” Companies with critical electricity
tricity grids, pipelines, or other energy mfrastructure,needs, like hospitals, airports, and computer-dependent

renewable energy technologies can be the most CO%fms, pay a premium to ensure reliable power, since
effective options for electrifying rural villages. The iha cost of outages can be huge. Generation on site,

American Wind Energy Association has estimated tha}ith small renewable generators, is one way to meet
global markets for wind turbines alone will amount t0ih45e needs.

as much as $400.billion be'tween 1998 .and 2620. Because renewables are typically small, modular,
Other industrial countries are leaping ahead of thgnq yequire short lead times for installation, they can
United States in renewable energy production, howevegenefit electricity companies’ planning. Companies
bgcause they value the environ.mental benefits .morl%ing modular technologies can add capacity in small
highly and because they recognize the opportunity i,crements as needed, rather than planning large power
supply export markets. In fact, Japan and various Eur‘ﬁﬂants many years in advance, only to find that they
pean nations are encouraging the development of "Riay not be needed when they finally go on line.
newables by providing greater subsidies than does the Finally, the concept ofalueis changing the per-

United State$’ ception of renewables, as is consumer choice. Many
.. . surveys have shown that customers value the environ-
Other Nontraditional Benefits mental benefits of renewables more than conventional
Because some renewable technologies are small agdjyting energy sources and prefer electricity compa-
modular, they can be sited in or near buildings whergies that supply at least part of their power from renew-
energy is used. These distributed generation technolgp|e energy technologié&Renewables provide options
gies offer some benefits that utilities have usually Nnofhat service-oriented companies can use to improve

considered. customer satisfaction. They can improve a company’s

Perhaps most importantly, distributed generation,jic image and can create profitable new business
technologies can avoid costly expenditures on transmigy o tynities for electricity generation or distribution

sion and distribution. For example, a utility putting dis'companies that are customer-oriented.
tributed generation in a new neighborhood might be

e 10,000 construction jobs, with over $400 million in
wages
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