Clean Energy
Solutions

Energy Efficiency and Renewable Energy in New Hampshire

NHPIRG Education Fund
May 2002



Clean Energy
Solutions

Energy Efficiency and Renewable Energy in New Hampshire

Marianne Zugel
Steve Blackledge
Brad Heavner

NHPIRG Education Fund
May 2002



ACKNOWLEDGMENTS

NHPIRG Education Fund gratefully acknowledges Phil Radford (Power Shift), Ron Larson
(National Renewable Energy Lab, retired), Karl Gawell (Geothermal Energy Association),
John Thorton (National Renewable Energy Lab), Jennifer Lane (Altair Energy, LLC), Dave
Rib (KJC Operating Company), and the many other analysts who provided information for
thisreport. Special thanksto Rob Sargent for assistance in the development, drafting, and
production of thisreport. Thanksto David Marshall for peer review. Thanksal so to Katherine
Morrison, AnnaAurilio, Rebecca Stanfield, and Susan Rakov for editorial assistance. Thanks
to Chris Chatto for layout design.

Cover photographs courtesy of DOE/NREL.

This report was made possible by the generous support of the Pew Charitable Trusts.

The authors alone bear responsibility for any factual errors. The recommendations are
those of NHPIRG Education Fund. The views expressed in this report are those of the

author and do not necessarily reflect the views of our funders.

© 2002 NHPIRG Education Fund

NHPIRG Education Fund isa501(c)(3) organi zation working on environmental protection,
consumer rights, and good government in New Hampshire.

For additional copies of this report, send $10 (including shipping) to:
NHPIRG Education Fund
80 N. Main St. #201
Concord, NH 03301

For more information about NHPIRG Education Fund, please visit www.nhpirg.org.



TABLE OF CONTENTS

EXECUTIVE SUMM ARY .. e 5
INTRODUCTION . .o e e e e e e 7
PART I: HEALTH AND ENVIRONMENTAL IMPACTS OF
CONVENTIONAL ELECTRICITY PRODUCTION .. ... 8
IMPACTSOF FOSSIL FUEL BURNING . . ... e .8
OTHER IMPACTS OF ENERGY PRODUCTION .. ... e 12
PART Il: THE RENEWABLE ENERGY AND ENERGY EFFICIENCY SOLUTION ........ 15
RENEWABLE ENERGY AND EFFICIENCY POTENTIAL IN NEW HAMPSHIRE ... ........ 15
NATIONAL RENEWABLE ENERGY AND EFFICIENCY POTENTIAL .......... ... ... ... 21
POLLUTION REDUCTION REALIZED WITH CLEAN ENERGY SOLUTIONS. ............ 25
ECONOMIC FEASIBILITY OF CLEAN ENERGY SOLUTIONS. ... ... ... 28
JOB GAINSFROM CLEAN ENERGY SOLUTIONS . .. ... s 38
POLICY RECOMMENDATIONS . . . o s 40
STATE POLICY RECOMMENDATIONS . . . .o s 40
FEDERAL POLICY RECOMMENDATIONS . . ... e 42






s New England’s demand for power
Aconti nues to surge and national en-

ergy markets struggle for stability,
New Hampshire state officials have the op-
portunity for afundamental reassessment of
long-term energy policy. We can now choose
alternative fuel sources and new technolo-
giesto clean up our future. Ample clean, re-
newable resources and energy efficiency
technol ogies can provide us with stable, re-
liable, and cost-effective electricity while
reducing pollution and avoiding the costsand
risks associated with nuclear power.

Traditional Power Production Promotes
Global Warming and Damages Public
Health

Today’s electric power industry is the most
polluting industry in the nation. The electric
power industry aloneisresponsiblefor 30%
of New Hampshire's carbon dioxide (CO,)
emissions, the principal cause of global
warming. Power plants are also the largest
industrial source of pollution that causes se-
vere public health damage. New Hampshire
power plants are responsible for 81% of the
state’'s emissions of sulfur dioxide, 20% of
its emissions of nitrogen oxide, and 31% of
its emissions of mercury.

New Hampshire is also at great risk of
nuclear power accidents. Only one other state
gets a greater percentage of its energy from
nuclear power. The Seabrook nuclear station
isthe last nuclear power plant in the nation
to have come online. Now New Hampshire
residents are saddled with the costs associ-
ated with that plant and therisk of it becom-
ing the target of aterrorist attack.

Clean Energy Can Grow Rapidly in the
Next Decade

Renewabl es have advanced technologically
and commercialy to the point where they
are now ready for wide-scale devel opment,
and there are still many opportunitiesfor ef-

EXECUTIVE SUMMARY

ficiency improvements. Huge untapped po-
tential exists at both the state and national
levels.

* Renewable energy sources could provide
8% of thetotal electricity for the state by
2010. Nearly all of thispotential remains
untapped today.

o Wind power isthe renewabl e technol-
ogy the state could devel op the quick-
est. 490 peak MW of New
Hampshire’s 1,900 MW potential
could come online by 2010.

o Solar power isexpanding rapidly. The
small current capacity will grow to sig-
nificant levels over the next ten years
and become a major source of elec-
tricity thereafter.

o Widespread direct use of geothermal
resources can greatly reduce electric-
ity demand.

* By investing in cost-effective energy effi-
ciency measures, New Hampshire could
reduce anticipated total el ectricity demand
by 10% by 2010.

e By 2010, 125,000 MW of renewable en-
ergy capacity could be operational nation-
ally, enoughto replace 80 largefossil fuel
power plants.

* Policies promoting energy efficiency
could cut the nation’s electricity demand
by 15%, saving 72,000 average MW an-
nually.

Renewable Energy and Energy Efficiency
Reduce Pollution

If these 2010 goal swereto be achieved, New
Hampshire would reduce annual CO, emis-
sionsby asmuch as46%, or 3.4 milliontons,
compared to state projectionsfor the current
path. Thiswould also reduce health-damag-
ing pollution by 61%.

Nationally by 2010, energy efficiency and
renewable energy development at the levels
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described above would enable the U.S. to
reduce CO, emissions by as much as 37% —
one billion tonsannually —compared to pro-
jections for the current path from the U.S.
Department of Energy. Health-damaging
pollution would be reduced by as much as
43%.

Clean Energy | sthe Best Economic Choice

Policies encouraging renewabl es and energy
efficiency would grow the economy more
than a business-as-usual scenario.

* Electricity generation from renewableen-
ergy involves a higher proportion of its
costs for labor as compared to fossil fuel
electricity generation, in which much of
the cost goesto fuel. Wind and solar pho-
tovoltaic operations each provide 40%
more jobs per dollar of investment than
do coal operations. Meeting stricter en-
ergy efficiency goals would also require
increases in employment.

* Poaliciesencouraging clean energy would
lead to net increasesin employment inthe
U.S. and in each individual state. New
Hampshire would see a net gain of 2,800
jobs by 2010, while the U.S. as awhole
would gain more than 700,000 jobs.

* The best wind, solar, and geothermal
projects can produce electricity at alower
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cost than fossil fuels when external life-
cycle costs of electricity generation are
taken into account.

* Energy efficiency programs of the past
five years have avoided the need for
25,000-30,000 MW of generating capac-
ity —the equivalent of 100 power plants—
at a cost that is less than that of energy
from most new power plants.

Comprehensive Energy PoliciesAre Needed

Two specific policiesin particul ar would best
help New Hampshire and the nation realize
its clean energy potential:

* A renewableenergy standard requiring all
retail electricity suppliersto obtain a set
percentage of their electricity from clean
renewabl e sources such aswind and solar
power. New Hampshire should enact a
standard calling for its energy mix to in-
clude 8% renewables by 2010, while the
national goal should be set at 20%
renewables by 2020.

e A utility clean energy fund using aset per-
centage of revenues to finance programs
promoting renewable energy and energy
efficiency for al customers.



The opportunity for New Hampshire
citizens to choose from where and
from whom their power comeswas a
key motive for restructuring the electricity
industry. Although the majority of the state’s
citizens favor environmentally friendly
power, their voices remain unheard. With
84% of the state’s electricity coming from
some of the nation’sdirtiest fossil fuel plants
and tangibly dangerous nuclear power, their
concern isno surprise. Yet current plans are
to meet increasing electricity demand with
fossil fuels rather than renewable energy
sources and energy efficiency.

The consequences of further investment in
fossi| fuelsat the expense of renewables and
energy efficiency development will be
multifold. Fossil fuel extraction and combus-
tion arewell known to cause severe environ-
mental and public health damage.
Ramifications of warmer temperaturesfrom
global climate change brought on by this
fossil fuel use, such as increases in severe
droughtsand floodsthat could decrease avail-
ablewater supplies, increasesininsect-borne
diseases, and numerous other adverse effects,
could be widespread throughout the state.

Economically, New Hampshire citizens
would ultimately spend more for electricity
by investing further in fossil fuels, and the
state would lose a golden opportunity to in-
creaseinstate jobs and grow the economy at
afaster pace.

I ncreasing dependence on out-of -state fos-
sil fuels will reduce the reliability of the
state'saready imbalanced portfolio. In con-
trast, renewable energy technologies would
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improve reliability of the system by diversi-
fying the portfolio. Since renewables are not
subject to the risks of fluctuating fuel sup-
pliesand transportation capabilities, they will
be there for us when energy markets go
through periodic disruptions.

Asanation, eventsof the past year, includ-
ing energy shortages on the West Coast, the
9/11 terrorist attacks, and war in the Middle
East and Central Asia, haveled usto the brink
of acrucial decision. Do we stay onthe same
old unreliable, polluting, and insecure path?
Or do we shift to a new clean energy path,
meeting the nation’s ever-growing power
needs with sustainable, domestic energy
sources that enhance national security and
mitigate against further warming of our at-
mosphere?

Thisreport shows how we are now ableto
choose the clean energy path and why it is
the better choice environmentally and eco-
nomically. We can simultaneously meet our
growing electricity needs, reduce global
warming pollution, grow the nation’s
economy, and secure our energy future.

In New Hampshire, we have the resources
to cost-effectively cut health-damaging pol-
lution, increase our energy independence,
and do our part in reducing globa warming
pollution. We must redirect the current trend
toward further dependence on dirty and im-
ported fossil fuels and ensure a clean and
reliable energy future for ourselves. Now is
thetimefor New Hampshireto investin clean
energy Sources.

CLEAN ENERGY SOLUTIONS
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Impacts of Fossil
Fuel Burning

In New Hampshire, electricity generationis
responsiblefor:

* 30% of the state’semissionsof carbon di-
oxide, aprincipal global warming gas.*

* 81% of the state’s emissions of sulfur di-
oxide, aprecursor of fine particul ate mat-
ter, acid rain, and regional haze.?

* 20% of the state's emissions of nitrogen
oxide, a precursor of ground-level ozone
(smog), particulate matter, acid rain, glo-
bal warming, nitrogen overloading inwa-
terways and forests, and regional haze.®

* 31% of the state’ semissions of man-made
mercury, atoxic meta that bioaccumulates
in animals and spreads through the food
chain to humans.*

Electricity generationinthe U.S. isrespon-
siblefor:

¢ 40% of emissions of carbon dioxide.®

* 67% of the nation’s emissions of sulfur
dioxide.®

* 23% of emissions of nitrogen oxide.”

* 33% of emissionsof man-made mercury.®

All fossil fuel-burning power plants pol-
lute the air to varying degrees. Coal-fired
power plantsare by far thedirtiest. Oil-burn-
ing power plants emit less pollution than
those using coal, but more than natural gas-
fired plants. Natural gas produces cleaner
emissions than other fossil fuels, but U.S.
power plants burn enough of it to produce
hundreds of millions of tons of CO, each
year.

Although coal isthe energy source used to
generate 52% of electricity intheU.S,, coal-
burning power plants account for 87.5% of
the CO,, 95.2% of the SO, and 90.9% of the
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PART |: HEALTH AND ENVIRONMENTAL IMPACTS
OF CONVENTIONAL ELECTRICITY PRODUCTION

NOx emitted collectively by all electric
power plants.®®

In New Hampshire, coal is used to gener-
ate 24% of itselectricity needsand oil isused
for another 11%. Together, thesefossil fuels
generate 35% of the state’s electricity, yet
are responsible for 98-100% of power plant
emissions of CO, SO, NOx, and mercury.**
New Hampshire's largest three fossil fuel
power plants— Merrimack, Newington, and
Schiller —areamost entirely responsiblefor
these emissions. These plantsare among the
dirtiest regionally and nationally. They emit
pollutants at double the rate of Massachu-

Figure 1: CO, Emission
Rates of Power Plants
Burning Fossil Fuels®
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setts power plants, which arethe second dirti-
est inthe New England region, and they emit
sulfur dioxide at the highest rate in the na-
tion.*?

Global Warming
and Carbon Dioxide

Global warming is perhaps the most serious
environmental challenge of our time. The
world’'s leading climate scientists, econo-
mists, and other expertsformed the Intergov-
ernmental Panel on Climate Change (IPCC)
in 1988 to verify therecent dramatic increase
in the earth’stemperature and to identify its
causes and consequences. What they have
found is alarming.

* The average daytime global surface tem-
perature rose 0.6°C (1.08°F) over the 20"
century. The average nighttime minimum
surface temperature over land, the more
indicative measurement of global tem-
perature change, rose an average of 0.2°C
per decade since 1950.%

¢ The 1990s were warmer than the 1980s,
previously the warmest decade on record.
The warmest year on record was 1998.%

The IPCC predictsthat the average global
surface temperature will increase by 1.4-
5.8°C between 1990 and 2100, depending
on how far we go to reduce carbon emis-
sions.® Thislevel of increaseisput into per-
spective by the fact that during the last ice
age (about 18,000 years ago), the earth’'s
average surface temperature was only 9°C
cooler than it is now.®

The impacts of warmer global tempera-
tures are predicted to include many serious
and broad-ranging effects, some of which
have already begun:

* Increased frequency and intensity of heat
waves, fires, droughts, rainfall, and flood-
ing.

* Rising sealevelsthat overtakeislandsand
coastal areas.

e Disruption and loss of ecosystems, push-
ing speciesto extinction and rendering his-
torically fertile farmland unproductive.

* |Increased geographic range and virulence
of infectious and tropical diseases.

Although natural variations in the output
of the sun can contribute to climate change,
thePCC hasfound that natural contributions
are minimal compared to the effects of re-
cent human activities. By burning fossil fu-
els in our power plants, we are releasing
pollution that is atering the atmosphere at a
rapid pace. Normally the atmosphere allows
excess heat to leave the earth, but air pollu-
tion referred to as greenhouse gases, such as
CO,, work like ablanket that traps heat near
the earth’s surface. As concentrations of
greenhouse gases increase, more heat gets
trapped and global temperatures rise. Car-
bon dioxide (CO,) is by far the most abun-
dant greenhouse gas. The atmospheric
concentration of carbon dioxide has in-
creased by 31% since 1750.Y

Initslatest update on climate change, the
IPCC concluded, “There is new and stron-
ger evidence that most of the warming ob-
served over the last 50 years is attributable
to human activities”*® Fossil fuel burning
accountsfor three-quarters of the CO, emis-
sions associated with human activities. The
U.S. electricindustry alone, which accounts
for 40% of total U.S. CO, emissions, emits
more CO, thanthetotal CO, emissionsfrom
any other nation.

Soot and Sulfur Dioxide

Power plants are by far the largest source of
sulfur dioxide (SO,).* More than 12,000 of
the nearly 19,000 tonsof SO, the nation emits
annually comes from electric power plants.
SO, is alarge component of fine particulate
matter, or “soot.”?° Particulate matter is the
type of air pollution that isvisiblein the air
—ash, dust, and acid aerosols.

When inhaled, thesetiny particlesbecome
deeply embedded inthe lungs. The particles
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cannot be expelled by coughing, swallow-
ing, or sneezing. As they sit in lung tissue
they cause varying degrees of irritation,
which canlead tolossof heart and lung func-
tion. Health consequences range from bron-
chitis and chronic cough to death.* Fine
particulate matter is of most concern to vul-
nerable populations, including young chil-
dren, the elderly, and those with asthma or
other respiratory diseases. A study conducted
by the Harvard School of Public Health esti-
mates that more than 60,000 lives are cut
short each year in the U.S. due to fine par-
ticulate pollution.?? This pollution causes 67
people to lose their lives prematurely each
year in New Hampshire.?

The greatest impact of soot from power
plants is felt closest to home. The Harvard
School of Public Health conducted several
research projectsand found that the most se-
vere public health risks from sulfur dioxide
arewitnessed within approximately 30 miles
of power plants.

Particulateair pollution can travel far from
itssource. Thevisual effect of particulateair
pollution is referred to as haze. Haze has
spread so far as to infiltrate some of
America’'s most pristine national parks,
blocking vistas and posing health risks for
those who use the parks for recreation.

Smog and Nitrogen Oxides

Power plantsarethelargest industrial source
of nitrogen oxide (NOx) pollution, which
causesformation of ground-level ozone (also
known as smog). Ozoneisour nation’s most
prevalent and well-understood air contami-
nant. Despitereductionsin smog levelssince
the passage of the Clean Air Act in 1970,
today an estimated 117 million people live
in areas where the air is unsafe to breathe
due to ozone.® In 1999, the ozone health
standard adopted by the EPA in 1997 was
exceeded 7,200 times.?
Ozoneisaninvisible, odorless gas, which
is formed when nitrogen oxides mix with
volatile organic compounds (reactive man-
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made chemical air pollutants) in the presence
of sunlight. Public healthismost at risk dur-
ing “ozone season,” from mid-May to mid-
September in most places, when there is
plenty of sunlight.

When inhaled, ozone at high concentra-
tions can oxidize or “burn through” lung tis-
sue. Breathing ozone at high concentrations
can cause airways to the lungs to become
swollen and inflamed. Eventually, thiscauses
scarring and decreases the amount of oxy-
gen that is delivered to the body with each
breath. The corrosive effect of exposure to
ozoneintherespiratory system increasessus-
ceptibility toinfections. Outdoor exerciseon
days when ozone concentrations are high
increases the impact on the respiratory sys-
tem.

As is the case with soot, ozone poses a
more serious health threat to vulnerable
populations, including children, the elderly,
and people with asthma or chronic pulmo-
nary disorders (including chronic bronchitis
and emphysema). A number of studies have
linked ozone pollution with increased fre-
guency of emergency room visits, including
one study of 25 hospitals that found high
ozone levels were associated with at least a
21% increase in emergency room visits for
people aged 64 and older.?

Ozone has also been linked to increased
frequency of asthma attacks. On high-smog
days, children with asthma are 40% more
likely to suffer asthma attacks compared to
dayswith average pollutionlevels.® A 1999
Abt Associates study estimated that more
than six million asthma attacks nationwide
were triggered by smog during the ozone
smog season of 1997.2° Another study found
a 26% increase in the number of asthma pa
tients admitted to emergency roomsin New
Jersey on summer dayswhen ozone concen-
trations were high.®

New research has aso shown that high
smog levels can not only exacerbate exist-
ing asthma, but can causethe disease aswell.
A five-year study conducted at the Univer-



sity of Southern Californiafound that active
children growing up in high smog areas are
more likely to devel op asthmathan inactive
children, while no such relation existsamong
children living in low smog areas.®!

Acid Rain, Sulfur Dioxide,
and Nitrogen Oxides

Sulfur dioxide and nitrogen oxides do their

damage not only viaairborne ozone and par-

ticulates, but also by causing acid rain, which
threatens entire forest and aquatic ecosys-
tems. Once emitted into the air, sulfur and
nitrogen oxides form sulfates and nitrates
respectively, which are the principal com-
ponentsthat changethe pH of rainwater from
neutral to dangeroudly acidic.

Acidinrain, clouds, and fog damagestrees
in two primary ways.

1. Directly damaging the needles and foli-
age, making them unusually vulnerableto
adverse conditions, including cold tem-
perature.

2. Depleting nutrientsfrom the soilsinwhich
the trees grow.

Acid clouds and fog generally have even
higher concentrations of damaging sulfates
and nitrates than acid rain. Thus, acid depo-
sition is linked to the decline of red spruce
growing at high elevationsand in coastal ar-
eas, both of which are immersed in acid
clouds and fog for long time periods.®

Lake and stream ecosystems are al so vul-
nerabletotheeffectsof acid rain. Astheacid-
ity of the lakes and streams increases, the
number of species that can live there de-
clines®

Nitrogen Loading
and Nitrogen Oxides

Nitrogen oxide emissionsfrom power plants
are a major contributing factor to nitrogen
loading in the Chesapeake Bay and other
water bodies across the United States. Too
much nitrogen causes a gae blooms, which
deplete the oxygen and kill marine life as

they decay. Algae blooms also block sun-
light that fish, shellfish, and aquatic vegeta-
tion need to survive. Nitrogen oxidesreleased
into the air can be carried hundreds of miles
by the wind and fall into lakes and rivers.
Theeffectsof nitrogen loading can be dev-
astating for plant and animal life in these
water bodies, aswell as for people who de-
pend on these watersfor tourism, subsistence
fishing, commercial fishing, and recreation.

The Toxic Food
Chain and Mercury

Mercury is atoxic heavy metal that persists
inthe environment onceit isreleased. When
ingested initsmethylated form, mercury can
cause serious neurological damage, particu-
larly to devel oping fetuses, infants, and chil-
dren.3* The neurotoxic effects of low-level
exposureto methylmercury aresimilar tothe
effects of lead toxicity in children, and in-
clude delayed development and deficits in
cognition, language, motor function, atten-
tion, and memory.* Other studies have
linked a history of mercury exposure with
neurological problems, heart disease, and
Alzheimer’s disease in adults.®®

Numerous species of fish in thousands of
bodies of water across 41 of the 50 states
contain such high levels of toxic methylm-
ercury that health agencies have warned
against eating them. The number of con-
sumption advisories due to mercury poison-
ing increased 8% from 1999 to 2000 and
149% from 1993 to 2000.*"

People most at risk include women of
child-bearing age, pregnant women and their
fetuses, nursing mothers and children, and
subsistencefishers. Large predator fish such
aslargemouth bass, walleye, shark, tuna, and
swordfish have higher levels of methylmer-
cury in them than smaller species lower in
the food web.® People who frequently and
routinely consumefish (i.e., several servings
aweek), those who eat fish with higher lev-
els of methylmercury, and those who eat a
large amount of fish over a short period of
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time (e.g., anglers on vacation) are more
likely to be exposed to higher levels of mer-
cury.®

Mercury’s primary entrance into the hu-
man diet occurswhen mercury isemittedinto
the air and undergoes photochemical oxida-
tion, forming oxidized mercury. Oxidized
mercury iswater-soluble and is deposited to
land, lakes, and streams by rain and snow,
where it reacts with bacteria to form meth-
ylmercury, theform most toxic to humans.
M ethylmercury bioaccumul atesto the great-
est extent in the tissue of fish and other
aguatic organismsand persistsforever inthe
environment, magnifying its public health
impacts.

Based on national emissions estimatesfor
1994-95, coal and oil-burning power plants
arethelargest stationary sources of mercury
emissions (32.8%), followed by municipal
wasteincinerators (18.7%), commercial and
industrial boilers powered by coal or oil
(17.9%), medical wasteincinerators (10.1%),
and hazardous waste incinerators (4.4%).*

Other Impacts
of Energy Production

Coal Mining

Mining for coal is a dirty, dangerous, and
destructive process. It contaminatestheland,
surface water, groundwater, and air. To get
tothe coal, enormous chunksof earth are dug
up from the surface or displaced by remov-
ing mountaintops (surface mining), or are
excavated from beneath the ground (under-
ground mining) and discarded into waste
piles. Wildlife habitat, cropland, forests,
rangeland, and deserts are destroyed and re-
placed by pits, quarries, and tailing piles.
Reclaiming a coal mine (replacing vegeta-
tion and restoring the landscape) helps re-
duce permanent disruption, but in spite of
restoration efforts, original ecosystems may
be replaced by completely different ecosys-
tems, and hundreds of thousands of acres of
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mines have been abandoned rather than re-
stored.

Water pollution is an enormous problem
of coa mining. Waste piles of excavated dirt
deposit toxic heavy metals and sediment that
pollute and alter the course of local water-
ways. More waste from the washing of mined
coal isadded to these piles that grow on the
order of tens of millions of tons per year.*?
Underground mining can contaminate and
physically dislocate entire underground res-
ervoirsthat serve asdrinking water supplies
for many Americans.

The Western Pennsylvania Coalition for
Abandoned Mine Reclamation cal cul ated the
cost of cleaning up pollution from old coal
mines in Pennsylvaniato be $15 billion, al-
though they believe it’s likely that estimate
islow.® TheU.S. Bureau of Mines estimates
that the U.S. spendsover $1 million each day
totrest acidic minewater.** The cost of clean-
ing up abandoned lands that had been used
for mining coal is $10,000 per acre.*®

“Clean coal” has been touted as the solu-
tion to the horrendous environmental legacy
of coal, claiming energy can be harnessed
from coal without causing environmental
damage. Although clean coal measures in-
volve more responsi ble management of coal -
generated pollution, the actual pollution
reduction ismarginal and air pollution miti-
gation strategies ultimately redirect the tox-
ins and emit them into the environment
through different routes (like the land or
water). “ Clean coal” techniques also encour-
ageincreased coal useinthelongterm. The
General Accounting Office concluded that
federal spending on“clean coal” technology
has been a waste of money.*¢ $2 billion has
been spent so far, and current proposals
would double that amount.*

Natural Gas Drilling

When natural gasisretrieved from reservairs,
the construction of roads, drilling rigs, and
gas pipelines destroys huge amounts of wild-
life habitat. Transporting the gas, which is



explosive by nature, isincreasingly danger-
ous asthe U.S. pipeline infrastructure ages.
One quarter of the nation’s natural gas pipe-
lines are more than fifty years old.® Over
the past decade, the number of serious acci-
dents has steadily increased.®

Natura gas is often found in association
with oil. The damage occurring fromoil drill-
ing and transport is probably the best known
of the environmental impacts of fossil fuel
excavation, dueto the regularity of oil spills
and the duration of their scathing effects.
Lessknown isthe fact that leaks commonly
go undetected, accounting for hundreds of
thousands of gallons of spilled petroleum lig-
uids each year.®

Coalbed Methane Excavation

The most destructive process used to access
natura gasfrom oil-freereservoirsiscoalbed
methane excavation. Coalbed methane dif-
fers from natural gas only slightly in its
chemical makeup. Natural gas is mostly
methane with some other hydrocarbon gases
in its mixture. Coalbed methane is almost
always pure methane.

Coalbed methaneis found trapped in sub-
surface coal beds. To release the gas from
theporouscoal, coa seamsarefractured with
toxic fluids. Massive volumes of water must
be pumped from underground aquifers. The
water, often containing high levelsof sodium,
arsenic, and other contaminants, is dumped
on the surface and into rivers.

In the San Juan Basin of southwestern
Colorado and northern New Mexico, the
costly consequences of coalbed methane
development are clear. The excavation pro-
cess, along with the construction of roadsand
pipelines to transport the gas, has destroyed
wildlife habitat and contaminated drinking
water. Methane and hydrogen sulfide seeps
have forced some families from their
homes.>* Underground coal fires have caused
the ground to collapsein one area, and it is
uncertain whether the gas industry can pre-
vent the underground fires from spreading.

Development in the Powder River Basin
in Wyoming is more advanced than the San
Juanregion. If the gasindustry developsthe
region according to current plans, the esti-
mated cost to the state to address the water
loss and contamination will be $320 million
dollars, after accounting for severance tax
creditsthe statewill receivefromthegasin-
dustry.®

Nuclear Waste

Nuclear fission, the reaction used to create
energy in nuclear power plants, putsour lives
at risk from potentially disastrous accidents
and creates the most harmful substance
known, for which there is no safe disposal
process. Direct exposure to irradiated fuel
from nuclear reactors delivers alethal dose
of radiation within seconds. Accordingto the
Department of Energy, 95% of the radioac-
tive waste in this country (measured by ra-
dioactivity) is from commercial nuclear
reactors. The storage of this waste poses a
threat to water supplies throughout the na-
tion. At the Hanford Nuclear Reservationin
Washington, 67 of 177 underground tanks
have leaked more than one million gallons
of waste, contaminating groundwater and
threatening the Columbia River.>*

Presently more than 42,000 metric tons of
spent fuel are in temporary storage in the
U.S., with that number increasing by five
metric tons every day.®® Thiswaste material
will remain hazardous for the next 250,000
years.® The potential risk to human health
is staggering. The total radioactivity of our
spent fuel at thispoint is30.6 billion curies.
One single curie generates a radiation field
intensity at a distance of one foot of about
11 rem per hour; the exposure limit set by
federal regulation for an individual is5 rem
per year. |f apersonwereto stand within a
yard from a 10-year old nuclear fuel assem-
bly, within 30 seconds hewould significantly
increase his risk of genetic damage or can-
cer and in less than 3 minutes he would re-
ceive aletha dose of radioactivity.®

CLEAN ENERGY SOLUTIONS
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The risks of both catastrophic events and
leakage of radioactive material into our en-
vironment pose great threats to our public
health. Even low-level radiation has been
linked to cancer, genetic and chromosomal
instabilities, developmental deficiencies in
thefetus, hereditary disease, accelerated ag-
ing, and loss of immune response compe-
tence.

The risk of accidents at reactors is also
ever-present. Because many nuclear plants
intheU.S. are aging, therisk of accidentsis
greater now than it ever has been.

Further risk may come from transporting
high-level nuclear waste. The nuclear indus-
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try has been trying for years to establish a
single national nuclear waste repository at
Yucca Mountain, Nevada. If such a facility
were to be established, the risk of accidents
and leakage would beimmense. The Nevada
Agency for Nuclear Projectsrecently calcu-
lated the risks of transporting nuclear waste
using analyses by the Department of Energy
and independent consultants. They con-
cluded, “Accidents are inevitable and wide-
spread contamination possible.” %

The sooner nuclear generation stops, the
less all of these risks will be increased or
extended.



PART Il: THE RENEWABLE ENERGY
AND ENERGY EFFICIENCY SOLUTION

ollution isnot an inevitable result of
P power production. Our energy future
need not incorporate the same mas-
sive threats to the environment and public
health that we face today. Clean energy
sources in the form of renewables and en-
ergy efficiency have advanced technologi-
cally and commercialy to the point where
they are now ready for wide-scale devel op-
ment. Huge untapped potential existsat both
the state and national levels.

Economic analysisand technological con-
siderations suggest that New Hampshire
could be generating 8% of itselectricity from
clean energy sources by 2010. Nationally,
renewable energy resources could meet 11%
of the U.S. electricity demand by 2010.

Investing in the development of clean en-
ergy sources will grow the economy more

Renewable Energy and
Efficiency Potential in
New Hampshire

New Hampshire utilities presently generate
84% of their electricity using fossil fuelsand
nuclear power. Hydropower generates 9%.
Independent generators produce 7% of the
total electricity mix, mostly from trash in-
cineration and woodburning plants, both of
which are polluting.

For the mgjority of the past 100 years, New
Hampshire had no other real aternativesfor
itsenergy supply. Now, clean and affordable
options are finally available. No longer do
the people of New Hampshire have to trade
their health and safety and that of their land,
air, and water in order to stay warm in win-
ter and live with the modern conveniences
that electricity gives us. By tapping its en-
ergy savings and renewable energy poten-
tial, the state can now dramatically reduce
power plant pollution while cost-effectively
meeting its growing electricity demand.

than will further investmentsin conventional
fossil fuels. Today’s best renewable energy
projects produce power that costs less than
fossil fuel-generated el ectricity, when exter-
nalized costs of power production and price
stability benefits are considered. The cheap-
est and quickest way to meet urgent power
demand isthrough energy efficiency.

Developing the small portion of the total
renewable energy and energy efficiency po-
tential outlined below will reduce pollution
dramatically by 2010. New Hampshire
would cut its power plant pollution by as
much as 46% by 2010 compared to projec-
tions for the current path, while the nation
as awhole would reduce power plant pollu-
tion by 37%.

Clean renewable energy sources include
wind, solar, and geothermal power and en-
ergy efficiency. It may also include some
biogas technologies that now fall under the
banner of biomass, but policy makers should
take care that the definition of renewable
energy does not include dirty forms of bio-
mass, such as trash incineration and wood-
burning.

Figure 3. New Hampshire
1999 Energy Mix®
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Note on Units

Megawatts (MW) is a unit of measurement in-
dicating how fast a plant can put out energy.
This is the standard measure of the generating
capacity of a power plant. It is also used to de-
termine if the total generating capacity on the
grid is enough to satisfy demand at any one
time.

MW denotes peak megawatts, as opposed to
average megawatts (MWa). MWa is used to
emphasize the intermittency of electricity gen-
eration from some sources. Wind power capac-
ity, for instance, is often reported as MWa. 1
MWa is enough to power roughly 1,000 homes.

Megawatt-hours (MWh) is a unit measuring the
total amount of energy produced over some
time frame. A 50 MW power plant operating at
full capacity for one hour produces 50 MWh of
electricity. This is the appropriate unit for talk-
ing about how much of the state’s electricity
was produced by various sources in a given
time frame. To measure how much such a plant
could produce in one year at full capacity, sim-
ply multiply the capacity by the number of hours
inayear (50 MW x 8,760 hrs/yr = 438,000 MWh/
yr). 1,000 MWh equals one gigawatt-hour
(GWh).

Wind Energy Potential

New Hampshire has excellent wind poten-
tial. The Pacific Northwest Laboratory (PNL)
estimates the state could generate 5,000 gi-
gawatt hours per year (GWh/yr) of electric-

ity fromwind —nearly one-third of the state’'s

demand in 1999.5

Currently operating wind power capacity
inthe stateislessthan 0.1 MW, according to

the U.S. Department of Energy.®? Clearly,

New Hampshire has not significantly begun

to tap its wind resources.

Wind power isthe fastest growing energy
source worldwide, with current generation
costs competitive with that of fossil fuels

evenwhen life-cycle costsare excluded. To-

tal U.S. wind capacity grew by 60% in

2001.%

New Hampshire could easily follow suit

and begin increasing its wind power capac-
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Table 1. New Hampshire
Wind Power Growth

Wind Electricity

Capacity Generation®

Year (MW) (GWhlyr)
2001 0.089 0.23
2002 60 160
2003 80 200
2004 100 270
2005 130 350
2006 170 450
2007 220 580
2008 290 760
2009 380 990
2010 490 1,290

ity by similar rates. If the state developed
two typically-sized wind farms (30 MW
each) by the end of 2002, then increased ca-
pacity by 30% thereafter, New Hampshire
would be generating nearly 1,290 GWh/yr
of electricity emission-free by 2010.

Solar Energy Potential

People often think solar energy can only be
harnessed effectively in the Southern and
Southwestern states, but solar PV isavalu-
able resource for New Hampshire. At this
time, the state has barely begun to tap it.
Current capacity stands at 75 kW.5” Other
states in the Northeast with solar potential
similar to New Hampshire have already be-
gun to utilize this resource on amuch larger
scale. Compared to New Hampshire, Mas-
sachusettsand New York have nearly identi-
cal solar potential, yet their current solar PV
capacities of 394 kW and 1,350 kW, respec-
tively, overshadow New Hampshire's capac-
ity. New Hampshire has plenty of room to
grow.

Capital costs have been the biggest impedi-
ment to solar technology. Like the other re-
newable energy technologies, nearly all of
its costs are upfront capital costs. Although
it is cost-effective over the lifetime of the
system, solar technology has the greatest
upfront capital costs.



The National Renewable Energy Labora-
tory (NREL) analyzed policies and residen-
tial electricity rates in every state to
determine today’s breakeven turnkey cost
(BTC) for a1 kW installed PV system for
each state. At the BTC, the consumer can
pay for a PV system and neither gain nor
lose money over thelife of the system com-
pared with buying electricity from the local
utility. New Hampshire’'s BTC cost in 1999
was $3,540/kW, just shy of ensuring PV sys-
tem customersazero net lossover thelife of

the system.® An installed PV system cost
$3,900/kW in 1999, down from $6,200/kW
just three years prior. NREL identified capi-
tal cost reduction policies as the key policy
incentive to developing a PV market com-
petitive with conventional electricity.®®

If New Hampshire implemented a capital
cost reduction program, the state could dra-
matically increase its current PV capacity.
Cumulative installed PV capacity could be
expected toincrease by 100 kW within ayear
and ahalf, judging by resultsin other states.™

Solar Energy

There are two different
types of technology for
harnessing the sun’s en-
ergy to generate electric-
ity: solar thermal electric
power plants and photo-
voltaics.

Solar thermal power
plants use reflectors to
concentrate sunlight on a
receiver that uses the
sun’s heat to drive a tur-
bine and generate elec-
tricity. Parabolic troughs,
power towers, and dish/
engines are the three
technologies either in use
or in development for so-
lar thermal power plants,
differing mainly in the
shape and configuration
of the reflectors.

Photovoltaics are very
different from any other
method ever used to gen-
erate electricity. All other
methods require at least
a two-step conversion of
energy from its natural
state into mechanical
power and then to elec-
trical power. Photovoltaic
(PV) panels convert sun-
light directly into electric-
ity without the use of a
generator or any moving
parts.

The basic building block
of this technology is the
photovoltaic cell, which is
made of semiconductor
materials. Cells can be
connected together to
form modules, and mod-
ules can be connected to
form arrays. In this way,
PV systems can match
power output to power
needs. A few PV cells will
power a hand-held calcu-
lator or wristwatch, while
interconnected arrays
can provide electricity for
a remote village.

PV systems can operate
either remotely or in con-
nection with the utility
grid. Their reliability even
in adverse environments
has been proven over de-
cades by their perfor-
mance powering
satellites, which have to
operate long term with no
maintenance. The Fed-
eral Emergency Manage-
ment Agency now uses
solar electricity systems
for prevention, response,
and recovery in emer-
gency situations. FEMA
learned the value of PV
for this purpose after Hur-
ricane Andrew, when
some Miami suburbs

were without grid power
for as much as two
weeks. The PV systems
that had previously been
installed in that region
survived and were able to
help in the relief efforts.®®
With PV’s long life, mini-
mal operation and main-
tenance requirements,
versatility (remote or grid-
connected operation), re-
liability, and sustainable
nature, the U.S. Depart-
ment of Energy has con-
cluded that, “it is easy to
foresee PV’s 21st century
preeminence.”®

Solar thermal collectors
that use the sun’s heat
without converting it to
electricity can also have
an enormous impact on
efforts to reduce demand
for natural gas and elec-
tricity. These collectors
are increasingly popular
for heating swimming
pools. When heating wa-
terin aresidence, usually
they serve as pre-heaters
used in conjunction with
another heating system,
most commonly fueled by
natural gas.

CLEAN ENERGY SOLUTIONS
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If capacity then continued to increase at the
same rate as the 1999-2000 national growth
rate (18.5%), PV capacity would reach 570
kW by 2010. If, however, the state’s capac-
ity were to grow at the global rate experi-
enced from 1997-2000 (31%) or at the
1999-2000 global rate (37%), PV capacity
would reach 1,160 kW to 1,600 kW by
2010."

A morelikely progression under favorable
policies would see capacity added even
faster. In California, where capital cost re-
duction programs have beenin placefor sev-
eral years, capacity has begun to accumulate
in larger increments. Alameda County’s
Santa Rita Jail recently installed a 500 kW
PV system, and San Francisco is now plan-
ning to add 10-12 MW within three years.”

Similar aggregate purchases of PV by New
Hampshire state government or municipali-
ties would reduce the overall costs of PV
systems and add capacity more quickly. A
cooperative like Washington State's West-
ern Sun Coop, which purchases packaged
solar electric systemsin bulk and sellsthem
to local utilities, would aso reduce system

Geothermal Energy

18

Geothermal energy is the
heat that flows constantly
from the center of the
earth, where tempera-
tures are believed to
reach 4000°C. Certain
regions in the subsurface
contain pockets where
this thermal energy is
concentrated. These re-
gions can be tapped with
a well to access the
steam or hot water. The
heat from the steam and
hot water is then used to
drive turbines that gener-
ate electricity.

Although most of the
high-temperature geo-

thermal resources ca-
pable of producing elec-
tricity in the U.S. are
found in the western
states, mid- and low-
temperature resources
are more abundant and
widespread. Direct use
of geothermal energy
and geothermal heat
pumps transfer heat
from the hot water ac-
cessed by a well to build-
ings and districts in order
to heat water and air.
Use of these resources
can significantly reduce
electricity demand.
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costs and encourage faster PV capacity
growth.

Geothermal Potential

Although there are no high temperature geo-
thermal resources capable of producing elec-
tricity in New Hampshire, the state hasample
geothermal resources for direct use and use
of geothermal heat pumps, both of which
reduce demand for electricity. Currently,
however, none of thisimportant resource is
being tapped.

Energy Savings Potential

Energy efficiency and conservation measures
arecritical to New Hampshireinitseffort to
decrease its use of nuclear power and fossil
fuels and the pollution that accompanies
them. The Governor’s Office of Energy and
Community Services and some individual
utilities have severa programs in place to
encourage more efficient use of electricity,
yet the state still has much room to grow in
the area of energy efficiency investments.

In 1998, New Hampshire spent 0.4% of
utility revenues, $4.7 million, on energy ef-
ficiency programs. This has yielded an an-
nual energy savings equaling 1.3% of
electricity sales, or 127 GWh.™

Thisisthelowest spending level inthere-
gion. In 1998, the average energy efficiency
investment level among other New England
states was 1.6% of utility revenues, which
yielded average savings of 3.5% of electric-
ity sales.”

In the midst of electric industry restruc-
turing, utility energy efficiency programsare
being transformed. The New Hampshire Pub-
lic Utilities Commission has called for the
utilities to design a core group of statewide
energy efficiency programsfromwhich each
individual utility can choose programsto run,
but these have yet to be implemented.

In addition to utility programs, building
codes and incentives for energy saving in-
vestments are extremely important for the
state to realize its energy savings potential.



Biomass Energy

Many types of “waste-to-
energy” technologies and
energy crops used to
generate electricity fall
under the banner of “bio-
mass”. Some are unac-
ceptably harmful to the
environment, while oth-
ers provide a net benefit
to the environment.

Any material that re-
leases air pollutants or
toxins into the air upon
combustion at a greater
rate than the fossil fuel it
is replacing should not
qualify as a renewable
fuel. Included in this
group are municipal solid
wastes (garbage) and
construction debris,
which can release dan-
gerous toxins from the
combustion of plastics
and chemicals.

Burning timber wastes
and agricultural wastes
are also heavily polluting.
Agricultural waste can ei-
ther be turned back into
the soil to maintain the
long-term vitality of the
topsoil or it can be used
as biomass fuel for a
biogas digester. Biogas
digesters utilize bacteria
to transform livestock
manure into fertilizer and
biogas, which consists
mainly of methane (the
main component in natu-
ral gas). Biogas can be
used for heating, cook-
ing, and providing me-
chanical power and
electricity. Normally,
biogas digesters are pri-
marily employed for
waste (sewage) treat-

ment and fertilizer pro-
duction, and biogas-gen-
erated electricity is a
secondary benefit.

In most cases, landfill gas
used as a renewable fuel
has a net benefit for the
environment. When large
amounts of methane are
emitted from landfills, op-
erators are required to
flare it; when emissions
fall below limits requiring
flaring, methane and
other toxins escape into
the atmosphere. There-
fore, burning the methane
to generate electricity is
more desirable.

Various types of energy
crops (i.e. willow,
sweetgum, sycamore,
switchgrass, woody
crops) hold the potential
for cleaner electricity pro-
duction compared to tra-
ditional fossil fuels,
especially coal, but their
life-cycle impacts on the
environment need thor-
ough assessment. Impor-
tant considerations
include:

 Land use that will be re-
placed — productive
farmland, forests, and
ecologically sensitive
areas should not be
sacrificed for energy
crops.

 Effects on nutrient cy-
cling and soil productiv-
ity.

* Use of herbicides and

fertilizers compared to
previous land use.

e Erosion potential and
related water quality ef-
fects.

« Effects on biodiversity.

* Indirect promotion of
unsustainable or eco-
logically harmful land
practices (i.e. genetic
engineering and defor-
estation).

 Effects on local
economy.

In general, much re-
search is still needed to
determine how the life
cycles of the various
types of biomass used for
electricity production af-
fect pollution emissions
and local ecosystems.
Until such research is
available, individual situ-
ations must be evaluated
on a case-by-case basis.
Until sustainable biomass
technologies are devel-
oped and proven, the
general definition of “re-
newable energy” should
be reserved for wind,
geothermal, and solar
power. However, this re-
port includes discussions
of biomass potential be-
cause of its relatively
wide usage and growing
popularity.

In New Hampshire, there
will likely be opportunities
for biogas and landfill gas
operations, but amounts
of electricity generated
from these sources will
be small.
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New Hampshire has two statewide energy
codes, the Residential Energy Code and the
Commercial and Industrial Energy Code, yet
both of these building codes would yield
greater savingsand reduced pollutionif they
were stricter, matching the International
Code Council’sModel Energy Code of 2001.

Individual households can a so seesignifi-
cant savingsintheir electricity billsby imple-
menting simpl e energy efficiency measures.
Replacing incandescent light bulbs with
compact fluorescent bulbs would save the
average househol d $35-$60 annually. Weath-
erizing ahomewould reduce the household’s
energy expenditures by $200-$400 annu-
aly.™

Combining utility energy efficiency pro-
gramswith other cost-effective programstar-
geting sectorslikethe appliance and building
industries would yield the best results.

New Hampshire currently installs energy
efficient technologies at state-owned build-
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ings through a program called Building En-
ergy Conservation Initiative (BECI). This
program allowsthe stateto retrofit buildings
with efficient technologies, assuming the
energy savings pay for theretrofit within 10
years. BECI will not only save energy but is
expected to save taxpayers $3.3 million per
year on the state’s energy bills once fully
implemented.™

Asearly asthe late 1980's, the Conserva-
tion Law Foundation concluded the New
England region could cut itstotal electricity
use by 20% in 20 years by investing in cost-
effective energy efficiency measures.”” Con-
sidering the advances in technology since
that time, New Hampshire could cut itselec-
tricity demand significantly inthe next eight
years, reducing demand by 10% by 2010. Ten
percent of New Hampshire'selectricity gen-
eration projected for 2010 trandatesto 1,700
GWh/yr, enough el ectricity to serve 146,000
homes.



National Renewable
Energy and Efficiency
Potential

Thenation’senormousrenewabl e energy and
energy efficiency potential remains largely
undevel oped today. Despite the proven ef-
fectiveness and cost savings of energy effi-
ciency and the evolution of affordable, clean
technologiesto produce €l ectricity, the elec-
tric power industry continuesto use coal for
more than half (52%) of its electricity-gen-
erating needs. Other major sources include
nuclear power, providing 20%, and gas, pro-
viding 15% of electricity. More minor con-
tributions come from hydropower (8%), oil
(3%), and other varied sourcesincluding non-
hydro renewables (2%).

Together fossil fuels make up 70% of the
electricity-generating sources in the U.S.
The Energy Information Administration pre-
dicts fossil fuel contributions will increase
to 75% of total sourcesused to generate elec-
tricity by 2010.7

The U.S. has ancther choice. Renewable
projects utilizing wind, geothermal, and so-
lar energy are already operating throughout
the country, proving the technology isready
to economically harness these resources. In
2000, wind energy contributed 3,000 MW,
solar energy 548 MW, and geothermal en-
ergy 2,800 MW of power to the nation’s en-
ergy system.® Together these resources

Figure 4: 1999 U.S.
Electricity Sources™
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generate about 32,000 GWh/yr of electric-
ity, enough energy for 3.2 million American
homes.

Thisamount merely scratches the surface
of remaining untapped potential. By 2010,
the U.S. could be cost-effectively generat-
ing 391,000 GWh/yr of emission-free elec-
tricity - more than eleven times the current
amount of electricity it generates from re-
newabl e resources. With the projected elec-
tricity demand of 4,140,000 GWh/yr reduced
by 15% through energy efficiency measures,
non-hydro renewable energy sources could
satisfy 11% of the nation’selectricity demand
by 2010.

Table 2: Potential Growth of Clean Energy by 20108

Capacity (MW)

New

Development

Resource 2000 2002-2010
Wind 2,970 116,300
Geothermal 2,800 5,600
Solar PV 194 2,900
Solar Thermal 354 1,000
Total 6,318 125,800

Energy Efficiency

Generation (GWh/yr)

% of

National

2010 Total

2010 Production 2010
119,300 313,500 8.7%
8,400 70,000 1.9%
3,100 5,400 0.2%
1,300 2,400 0.1%
132,100 391,300 10.9%

630,000 17.5%
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Wind Potential

The U.S. has enough windy spots to cost-
effectively install more than amillion MWa
of wind power capacity, according to the
Pacific Northwest Laboratory, a public/pri-
vate research arm of the U.S. Department of
Energy.®? This would generate three times
the amount of electricity the country usedin
2000.8

The National Renewable Energy Labora-
tory made more conservative estimates in
1994, measuring wind-generating capability
only in areas that met stricter wind classifi-
cations, that avoided environmentally sensi-
tive areas, and that were located within ten
miles of existing transmission lines. They
estimated that the U.S. could generate
734,000 MWaoof electricity from turbinesin
such locations — nearly twice as much as
current demand.®

Wind power isthe fastest growing energy
source worldwide. New wind power capac-
ity grew by 24% annually throughout the
1990s, with a growth rate of 37% in 1999
and 28% in 2000.%° Last year, the industry
will install enough turbines to generate an
average of 798 MW inthe U.S.% If new in-
stallations were to increase by 30% annu-
aly hereafter —arapid but feasiblerate—the
country could generate more than 7% of its
electricity from wind power by 2010, as de-
picted in Table 3. This modest proposal
would tap only 35,000 MWa of the 734,000
MWa potential, but it would displace the need
for 80 fossil fuel power plants.

Solar Potential

There is theoretically enough sunlight in a
100-mile square patch of desert in the south-
western U.S. to generate enough electricity
for theentire country.®” Solar thermal plants
could replace 100% of current fossil fuel-
based electricity production using only 1%
of the earth’s desert area.®

Although transmission distances would
make generating all of our electricity in the
deserts unfeasible, much development can
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Table 3: Future U.S. Wind Power
Generation with 30% Annual Growth

New Total Total

Installation ~ Capacity Generation

Year (MWa) (MWa) (GWhlyr)
2000 891 7,805
2001 798 1,689 14,796
2002 1,037 2,726 23,883
2003 1,349 4,075 35,697
2004 1,753 5,828 51,055
2005 2,279 8,107 71,021
2006 2,963 11,070 96,976
2007 3,852 14,922 130,718
2008 5,007 19,929 174,582
2009 6,510 26,439 231,605
2010 8,462 34,901 305,736

take place beforethispresentsabarrier. Asa
first step, we could easily hopeto encourage
the construction of 1,000 MW of solar ther-
mal capacity with just five power plantsin
the Mojave Desert by 2010. Asfuel cell tech-
nology develops, there will likely be oppor-
tunities to process hydrogen in the deserts
for shipment elsewhere.

Solar power can generate electricity di-
rectly using photovoltaics (PV) as well. PV
electricity production is all around us, from
satellites to road signs to watches to roof-
tops. Total U.S. PV capacity of 194 MW is
quite small compared to other energy
sources, but growth of PV use has been
steady and is expected to continue at an in-
creasing rate. Both the domestic and world-
wide growth rates for cumulative installed
PV capacity have been increasing. The do-
mestic PV capacity growth rate increased to
18.3% in 1999 from an average of 15.6%
through most of the 1990s. Worldwide, the
cumulative PV capacity growth rate in-
creased from an average of 27% (1993-1999)
to an average of 31% (1997-1999) and
peaked at 37% in the last recorded year,
1999.%

If the cumulative U.S. PV capacity con-
tinues at the current domestic growth rate of



Figure 5: Increasing Growth Rate of

Worldwide Cumulative PV Capacity

Figure 6: U.S. Solar PV Capacity Growth
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18%, it will increase from its current capac-
ity of 194 MW to 1,000 MW by 2010.% |f
the U.S. strongly encourages the growth of
solar energy, capacity could be added much
more quickly. Growing at the 1997-99 world-
wide rate of 31% annually, U.S. capacity
could reach nearly 3,000 MW by 2010.

Geothermal Potential

The U.S. has tremendous geothermal re-
sources. The DOE estimates high-tempera-
ture (electricity-generating quality)
geothermal potential in the U.S. to be more
than 4,000 quads (quadrillion Btus), more
than forty times our current energy use.*

Thelast nationwide assessment of geother-
mal resourceswas published in 1978. It esti-
mated a high-temperature potential of
approximately 22,000 MW in nine western
states from known reserves.®? Estimates of
undiscovered reserves ranged from 72,000
to 127,000 MW.%* Since knowledge about
geothermal resources has advanced dramati-
cally since 1978, there is need for reassess-
ment of these resources.

The DOE Office of Power Technologies
project entitled “ Geopowering theWest” has
agod for geothermal energy to provide 10%,
or 10,000 MW, of the electricity needs of
the western states by 2020.

19989  1999-2000

1000
/ -
W )

——31% Growth
——18% Growth

The Energy Information Administration
estimatesthe growth rate for geothermal ca-
pacity to be 7.2% through 2010.** Given this
growth rate, U.S. geothermal capacity would
reach over 5,600 MW by 2010, as shownin
Table 4.

Energy Savings Potential

TheU.S. could save energy and significantly
reduce pollution by implementing effective
policies encouraging energy efficiency. The

Table 4: Future Geothermal
Generation with 7.2%
Annual Growth

New Total Total

Installation Capacity Generation

Year (MW) (MW)  (GWhlyr)
2000 2,800 23,302
2001 202 3,002 24,979
2002 216 3,218 26,778
2003 232 3,450 28,706
2004 248 3,698 30,773
2005 266 3,964 32,988
2006 285 4,249 35,363
2007 306 4,555 37,910
2008 328 4,883 40,639
2009 352 5,285 43,565
2010 377 5,612 46,702

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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American Council for an Energy-Efficient
Economy (ACEEE) studied the impacts of
several “smart energy” policieson U.S. pri-
mary energy consumption, economics, and
emissons.® Under the“smart energy” policy
scenario, the U.S. would reduceitstotal pri-
mary energy consumption® by nearly 11%
annually by 2010 compared to the business-
as-usual, or base-case, scenario lacking new
policies. Looking at the electricity produc-
tion portion of this,®” annual energy use for
electricity would be reduced by 15% in the
policy case by the year 2010 as compared to
business as usual. A 15% reduction in elec-
tricity use in 2010 translates to more than
630,000 GWh/yr saved and 700 million tons
of carbon dioxide emissions avoided per
year.

The set of policies analyzed in the study
includes eight electricity-saving actions:
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Utility energy efficiency program to set
aside fundsfor investment in energy effi-
ciency.

New and strengthened equipment effi-
ciency standards.

Tax incentivesfor energy-efficient homes,
commercial buildings, and other products.

Expanded federal energy efficiency re-
search, development, and deployment pro-
grams.

Promotion of clean, high-efficiency com-
bined heat and power systems.

Voluntary agreementsand incentivesto re-
duce industrial energy use.

Improvementsin efficiency and emissions
from existing power plants.

Greater adoption of current model build-
ing energy codes and development and
implementation of more advanced codes.



Pollution Reduction
Realized with Clean
Energy Solutions

Tapping the renewable energy and energy
efficiency potential ready for development
now in New Hampshire and the nation would
dramatically reduce power plant air pollu-
tion at both the state and national levels. New
Hampshire would reduce its CO, emissions
by 3.4 million tons per year bel ow projected
levels for 2010 by developing clean energy
solutionsrather than following current plans.
The U.S. would reduce them by one billion
tons per year by developing clean energy
solutionsin place of coal.

Pollution Reduction
in New Hampshire

As of 1999, New Hampshire's power gen-
erators were pumping 5.6 million tons of
carbon dioxide, 54,000 tons of sulfur diox-
ide, 14,000 tons of nitrous oxides, and 34
pounds of mercury into the air annually,
along with deadly particulate pollutants and
ahost of other toxins, according to the U.S.
EPA.%8

State estimates for mercury are much
higher. For instance, the New Hampshire
Department of Environmental Servicesesti-
matesthat 328 pounds of mercury were emit-
ted in 1997 from the two coal-burning plants
inNew Hampshire— Schiller Stationin Ports-
mouth and Merrimack Station in Bow.*®

As outlined in the previous section, New
Hampshire could develop 1,290 GWh/yr of

Table 6. Emissions from Clean Energy vs. Natural Gas Development

Table 5. Electricity Available to Replace

Coal Generation, 2010 (GWh/yr)

Renewable Energy Development 1,290
Energy Efficiency Savings 1,700
Natural Gas Purchases 3,040
Total New Energy Sources 6,030
Projected Demand Growth 3,130
Surplus Available to Replace Coal 2,900

wind energy and save 1,700 GWh/yr through
efficiency measures by 2010. By choosing
this path, New Hampshire's utilities would
reduce CO, emissionsby 1.7 million tons/yr
and NOx emissions by 1,500 tons/yr below
current projections for 2010. Compared to
current levels, CO, emissionswould increase
marginally (2.4%) under the clean energy
plan, while all other power plant emissions
would not increase significantly. The natu-
ral gas plan, on the other hand, would cause
CO, emissionsto increase by 33% and NOx
emissions to increase by 11% from current
levels.

New Hampshire could reduce a greater
amount of power plant pollutioninthe same
time frame by purchasing electricity from
natural gas generators in addition to clean
energy development, reducing production
from coal-fired power plants. Two large gas
plantsare under constructionin New Hamp-
shire, with the electricity to be sold in the
regional market. These plants will generate
approximately 3,800 GWh/yr.2® |f 80% of
that staysin New Hampshire, the statewould
have an additional 3,040 GWh/yr. Together

Electricity CcOo2 S02 NOx

Generation Emissions  Emissions  Emissions

Year  Scenario (GWhiyr) (tons) (tons) (tons)

1999 Actual 16,200 5,580,159 54,418 14,008
2010 Projected Increase in Demand 3,130

2010 Natural Gas Only 19,330 7,434,000 54,900 15,600

2010 Clean Energy Only 17,630 5,716,400 54,500 14,100

2010 Clean Energy and Natural Gas 17,630 3,980,500 21,900 5,600

Mercury
Emissions
(pounds)

34

34
34
4
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Table 7: U.S. Power Plant Emissions Comparison®

Electricity

Generated

or Saved

Year Scenario (GWhlyr)

2000 Current Generation 3,430,700

2010 Projected Generation 4,224,200
2010 Projected Generation with

Clean Energy Development: 3,590,600

Renewables Developable 359,250

Energy Savings from Energy Efficiency 630,000
Total Clean Energy Development

C02 S02 NOx
Emissions  Emissions Emissions Mercury
Generated Generated Generated Emissions
or Avoided or Avoided or Avoided Generated
(thousand  (thousand (thousand or Avoided
tons) tons) tons)  (pounds)
2,406,780 12,870 6,040 84,850
2,994,100 14,600 7,300 98,400
1,880,100 8,000 4,400 54,300
404,000 2,400 1,000 16,100
710,000 4,200 1,900 28,000
1,114,000 6,600 2,900 44,100

Figure 7: CO, Emissions
with Renewables and
Energy Efficiency
Replacing Coal

3,500

with 2,990 GWh/yr of clean energy devel-
opment and projected demand growth of
3,130 GWhlyr, thiswould make 2,900 GWH/
yr available to replace coa. (See Table 5.)

Replacing this amount of coal-fired elec-
tricity generation would cut CO, emissions
by 29%, SO, and NOx emissions by 60%,
and mercury emissions by 88% from current
levels. Thiswould be areduction below pro-
jected emission levelsfrom only natural gas
development of 46% for CO,, 60% for SO,,
64% for NOx, and 88% for mercury.

Pollution Reduction
Nationwide
The U.S. potential growth of wind, geother-

mal, and solar power outlined above would
generate 359,250 GWhlyr of electricity by

Figure 8: SO, Emissions
with Renewables and
Energy Efficiency
Replacing Coal

2010. Thisrepresents 8.4% of U.S. electric-
ity demand projected by the EIA for 2010
not including current renewable energy gen-
eration and before any reductionsin demand
through energy efficiency measuresare con-
sidered.

If these renewables were to replace coal
power plants, CO, would be reduced by more
than 400 million tons, SO, would be reduced
by more than 2 million tons, NOx reduced
by morethan 1 milliontons, and power plant
mercury emissionswould decrease by nearly
16,000 pounds in the year 2010.

Energy efficiency measuresresulting in a
15% reduction in electricity demand would
eliminate the pollution associated with
630,000 GWh/yr of electricity production:
710 million tons of CO, emissions, 4 mil-

Figure 9: NOx Emissions
with Renewables and
Energy Efficiency
Replacing Coal

16,000

8,000

14,000 T—

3,000

2,500

2,000

1,500

Million Tons

1,000 T——

500 -

OBusiness as usual

B Renewable energy and energy
effici

12,000 T—

7,000

6,000

10,000 T—

8,000 T—

Thousand Tons

6,000 T—

4,000 —
HEBusiness as usual

2,000 T——

y development

0

0

B Renewables and energy
efficiency development

5,000

4,000

Thousand Tons

3,000

2,000

1,000 B Renewables and Energy

Efficiency Development

0

26 NHPIRG EDUCATION FUND



lion tons of SO, emissions, 1.9 million tons
of NOx emissions and 28,000 pounds of
mercury at therate coal-fired plantsemit pol-
[ution.

The combined impact of renewabl e energy
and energy efficiency developed to replace
coal-fired electricity generation would cut
power plant CO, emissions by 37%, SO,
emissions by 45%, NOXx emissions by 40%,

and mercury emissions by 45% by 2010
compared to projections for continuing on
the current path.

Power plant emissions should be reduced
further by requiring modern emissions con-
trol technology on all of thefossil fuel power
plants that remain operating in this clean
energy development scenario.

CLEAN ENERGY SOLUTIONS
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Economic Feasibility of
Clean Energy Solutions

Not only are clean energy resources abun-
dantly available, they are also economically
viable today. Both energy efficiency mea-
suresand renewabl e energy technologiesare
more cost-effectivein thelong term than the
current fossil fuel-dominated energy system.
Thiswasnot the case afew decadesago when
renewable energy resources were first pre-
sented as alternativesto oil and coal. But to-
day any truly sound financial investment in
the nation’s energy future must involve ag-
gressive and timely development of these
resources.

* Energy efficiency measures have been
proven on both local and national levels
to bethe best responsetoimmediate power
needs. They reduce pollution and energy
demand at acost that islessthan most new
power plants.

* Renewable energy technologies provide
stable and declining electricity costs be-
causetheir “fuel” isfreein contrast to the
volatility of fossil fuel prices. Renewable
energy projects have the added economic
benefit of creating more jobs than tradi-
tional fossil fuel electricity generation op-
erations since renewabl e energy costsare
more tied to skilled labor than to fuel.

e Clean energy solutions are even more at-
tractive compared tofossil fuelswhenlife-
cycle environmental costs are accounted
for.

Clean energy policies resulting in the in-
creased use of both renewable energy and
energy efficiency provide the best overall
strategy for America’'s new energy future.
Several recent studies examining the eco-
nomic impact of efficiency and renewables
stimulus programs found that the nation’s
economy would experience greater growth
with policies encouraging renewables and
energy efficiency than under a business-as-
usual scenario.’®
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Fossil fuel-generated electricity, on the
other hand, isnot agood long-term financial
investment. Much of itscostsaretied to lim-
ited fuel resources. Although the upfront
capital costsof constructing anew fossil fuel
power plant may be less than the upfront
costs of arenewable energy power plant, the
price of fossi| fuel-generated electricity will
forever carry afuel cost. As changes occur
inthe supply and demand of thelimited fuel,
the cost will oscillate in response and even-
tually increase as the resource is depleted.

Fossil fuel-generated electricity also has
significant life-cycle costs. Expensesrel ated
to the environmental and public health dam-
agesassociated with fossil fuel extractionand
power plant emissions do not appear on elec-
tricity bills, yet they are very real costs to
society.

Even though hydropower doesnot emit air
pollutants, many potential sites have nega-
tive environmental impacts and thistechnol-
ogy is not being considered as a significant
source to meet future electricity needs.

Nuclear power, the only other option for
electricity generation, is prohibitively expen-
sive, highly polluting, and unacceptably dan-
gerous.

Energy-Efficient
Technologies and their Costs

History has proven that adopting energy ef-
ficiency measuresisthe cheapest, aswell as
the easiest, quickest, and cleanest way to
address urgent power needs. Nationally, utili-
ties have saved 25,000 to 30,000 MW annu-
ally, the equivalent of 100 large power plants,
over the past five years through energy effi-
ciency programs. These programs averaged
2.8 ¢/kWh, a cost that is less than that of
most new power plants.’®* In addition to cost
savings, adoption of energy efficiency mea-
suresavoided thelogisticsand timeinvolved
with the siting of 100 large power plants, the
acquisition of the rights of way for power
lines and gas pipelines, and the emission of
190 million tons of CO,.**



Cdliforniais often considered a leader in
energy efficiency efforts. Over the past
twenty years, Californiahasreduced its peak
demand by 10,000 MW through utility en-
ergy efficiency programs and energy effi-
ciency standards for buildings and
appliances, yet there was still potential for
increased savings.’® In the face of its en-
ergy crisis earlier this year, a concerted ef-
fort resulted in a reduction of electricity
demand in the state by 6 percent from the
same seven-month time period of ayear ago,
and a peak reduction of 11 percent over the
previous year, while continuing to grow its
economy. Asaresult, Californiaavoided the
National Electric Reliability Council’sgrim
prediction of 250 hours of rolling blackouts
this past summer that would have cut power
to over 2 million households per blackout.**

Several recent studies have shown that the
U.S. would continue to save energy and
money in the future by implementing more
energy efficiency programs and setting
stricter efficiency standards.'® The ACEEE
study that determined the U.S. could reduce
its electricity demand by 15% by 2010, for
example, also revealed that a net savings of
$152 billion dollars would accompany the
energy savings by 2010 under their smart
energy policy scenario.®

A variety of measures fall under the en-
ergy efficiency umbrella. Examples of util-
ity energy efficiency measures include
replacing older, less-€fficient equipment with
newer, more-efficient equipment. Thisequip-
ment can include:

* High-efficiency pumps and motor retro-
fits for large oil and gas producers and
pipelines.

* Redesigned electricity generators with
combined heat and power systemsthat re-
cycleand reuse waste heat, which signifi-
cantly increases their efficiency.

» Smaller onsiteefficient electricity genera-
tors (rather than large central power
plants) that match the power needs of the
district or building and bypass the need

for long-distancetransmission of electric-
ity where significant losses of energy oc-
cur.

Examples of consumer energy efficiency
measuresinclude:

* Weatherizing homes.

* Replacing old appliances with newer,
more efficient ones.

e Installing electricity, heat and air-condi-
tioning systemsthat areresponsiveto real -
time energy demands.

Renewable Energy
Technologies and their Costs

Because renewable energy hasno fuel costs,
itstotal costsare predictable and stable. Once
the plants are built, producers only have to
pay the regular operating and maintenance
coststo keep the power flowing. Thefluctu-
ating fuel costs of fossil fuel-based power
plants are not afactor for renewable energy
producers.

The fact that more of the costs are upfront
rather than spread out in the form of ongo-
ing fuel costs constitutes a challenge in the
development of renewable energy projects,
since investors need to undertake more fi-
nancing at the start of the project. However,
since this also results in greater certainty of
the total costs over the full lifetime of the
plants, hesitation over high initial invest-
ments can be eased through market certainty.
When a state entersinto long-term contracts
with renewable producers, guaranteeing a
stable pricefor much of thelifetimesof their
plants, theinitia investment hurdleisgreatly
reduced.

The combination of advanced technol ogy
and market growth in renewable energy in-
dustries over the past decades has lowered
costs markedly. The average prices of wind
and solar energy have plummeted over the
last twenty years and are predicted to con-
tinue to decline. Geothermal energy costs,
which currently range from slightly higher
to lower than conventional fossil fuel power,
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have also declined historically and are pre-
dicted to remain roughly the same over the
next ten years.

Wind

The cost of producing electricity from wind
energy has declined by more than 80% in
the past twenty years, from about 38 cents
per kilowatt-hour (¢/kWh) inthe early 1980s
toacurrent range of 3to 8 ¢/kWh (levelized
over aplant’slifetime). Thisdoesnot include
the federal wind energy Production Tax
Credit which reduces the cost of wind-gen-
erated electricity production by about 0.7 ¢/
kWh over the lifetime of the plant.

The cost of electricity from wind plants
varies based on their size and the average
wind speed. A large plant (50 MW and up)
at an excellent site (20 mph average) can
deliver power for 3 ¢/kWh or less. Electric-
ity fromasmall plant (3 MW) at amoderate
site (16 mph) may cost up to 8 ¢/kWh, which
is still lower than retail cost in many areas.
Analystsbelievethat wind energy costscould
fall to 2.5 ¢/kWh in the near future, making
wind power more competitive than most con-
ventional energy sources.''

Solar

Solar Thermal Power Plants
The first Solar Electricity Generating Sys-
tem (SEGS) plant was installed in
Cdifornia sMojave Desert in 1984 and gen-
erated electricity for 25 ¢/kWh (1999 dol-
lars). The California SEGS plants now have
acollective capacity of 354 MW and gener-
ate electricity for 8-10 ¢/kWh. A new solar
thermal plant with a capacity of 100 MW or
moreinstalled today could generate el ectric-
ity for 7 ¢/kWh.1

Solar energy has the unique advantage of
peaking when the el ectricity grid experiences
some of its highest demands —in the heat of
summer afternoons. In contrast, when tradi-
tional fossil fuel plants attempt to address
peak needs, they often must operate for far
longer periods than the true peak load pe-
riod dueto long start-up and shut-down pro-
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cedures. The wasted fuel and added pollu-
tionincreasesthe cost of generating el ectric-
ity during peak times. For this reason, solar
power plants are cost-competitivein the peak
power market today.

Photovoltaics

PV can generate electricity for 12-25 ¢/kWh
today.'? Thisis more economical than fos-
sil fuel-generated €electricity right now for
some situations, such asremote applications
inthe U.S. and vast areas of the developing
world that have no grid/power plant infra-
structure in place. However, without subsi-
dies, it is not competitive with the lowest
rates from gas- and coal-fired power plants
today in the grid-connected devel oped world.

An important consideration in cost com-
parisons of traditional power plants and PV
is that when a PV system is installed in a
home or business, there are no mark-up costs
to middlemen and no distribution costs.
Therefore, the comparisons must take place
at theretail cost of electricity rather than the
wholesale cost of thefuel or the power plant
generating cost. The average U.S. residen-
tial retail cost of electricity is 8.5 ¢/kWh,
though it can cost over 14 ¢/kWh in some
states.'® In 1996, the cost of installing aPV
system represented either no net cost or profit
over remaining completely dependent on
grid-connected power inonly five states. Just
three years later, this was true in fifteen
states.** Residential rates, along with tax
creditsand/or capita cost reduction policies,
were the most influential factors rendering
PV cost-effectivein these states.
Economies of Scale
Although technological breakthroughs may
lower PV prices significantly, the biggest
price reductions are expected from econo-
mies of scale due to increased PV panel
manufacturing volume.

The current cost of PV modulesis quoted
at about $3.50-$3.75 per watt wholesale and
$6-$7 per watt for aninstalled system.*> This
isadramatic reduction in cost from $20 per
watt ten years ago and a hundred-fold drop



Table 8: Experience
Curve for PV Module Price

Installed

Wholesale  System

Installed Price Price

Doubling MW  per Watt per Watt
0 1,034 $3.50 $6.50
1 2,068 $2.87 $5.33
2 4,136 $2.35 $4.37
g 8,272 $1.93 $3.58
4 16,544 $1.58 $2.93
5 33,088 $1.30 $2.40
6 66,176 $1.06 $1.97
7 132,352 $0.87 $1.62
8 264,704 $0.72 $1.32
9 529,408 $0.59 $1.08
10 1,058,816 $0.48 $0.89

in cost since 1972.1'¢ The cost will continue
to decline as PV manufacturersreach econo-
mies of scale. Since nearly all of the costs
for PV-generated electricity liein the equip-
ment, the more equi pment manufactured on
amass scale, the cheaper the electricity be-
comes.

The relationship between increased vol-
ume and decreased priceis called the expe-
rience curve. For PV, it is estimated to be
82%. That is, for every doubling of cumula-
tive production volume, the price of PV is
expected to decline by 18%.*"

In 1999, total worldwide installed PV ca-
pacity was 1,034 MW.8 The next four
doublings of this amount will each reduce
the price of installed systems by about one
dollar per watt.

To compete on equal footing with tradi-
tional power sources in a short-term eco-
nomic view, PV priceswill need to bearound
$1/watt for an installed system.**® Accord-
ing to this experience curve, that price will
be reached once total PV installations sur-
pass 500,000 MW.

ThePV industry clearly hasafair distance
to go, but it is steadily progressing toward
its goal. PV module shipments in the U.S.
and worldwide have steadily increased over

Figure 10: Annual PV Manufacturing Volume?!?

250

@ U.S. Shipments
M Total World Shipments

200

150

MW

100

50

0,

Figure 11: PV Market Growth Rates?!??

D N DO A DD D NP ;P PG
LFLLL LRSI
RS S E E E  E E N A

H

55
>

600,000

—#-52% Cumulative PV Growth
—4— 31% Cumulative PV Growth

500,000

400,000

s
< 300,000

200,000

100,000

O,

S
the past twenty years. Furthermore, the rate
by which shipments haveincreased hasrisen.

From 1989-99, the growth rate of world-
wide PV module shipments averaged 18%.
For the same time period, the U.S. growth
rate was 21%. Recently the growth rate has
been much higher. The average growth rate
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in 1997-99 in the U.S. and worldwide was
31%. In 1999, the U.S. growth rate of PV
modul e shipmentswas 52%, the highest ever,
while the worldwide growth rate of ship-
ments remained at a healthy 30%.12°

If the growth rate in PV manufacturing
activity continues at the 52% level it reached
intheU.S. inthe past year, cumulative world-
wide PV capacity will have reached 500,000
MW by 2013. If growth in manufacturing
only grows at the 1997-99 average rate of
31%, theindustry will havereached thismile-
stonein 2022.

Geothermal

Geothermal energy providesthe U.S. witha
capacity of 2700 MW. Currently geothermal
fields are generating electricity for 1.5-8 ¢/
kWh.123

The Geysersin California are a good ex-
ample of how renewable energy, with the
bulk of its costs upfront, can provide elec-
tricity at stable and declining costs. The
plants were built in the 1960s and are still
operating today with much of the original
infrastructure, including thewells. Sincethe
capital costsof theoriginal construction have
been paid off and the resource continues to
fuel the plant at no cost, the only expenses
are ongoing operation and maintenance
costs. They are now producing electricity for
3 ¢/kWh.124

Biomass

A power plant burning 100% biomass can
produce electricity for about 9 ¢/kWh,
though advancesin technology are expected
to bring the cost down to 5 ¢/kWh in the fu-
ture.’® A more common practice today isto
co-fire biomass material swith coal (burning
amixture of biomass materials with coal to
drive the electric generator). Co-firing with
inexpensive biomass can reduce the cost of
coal-generated electricity from about 2.3 ¢/
kWh (not considering external life cycle
costs) to 2.1 ¢/kWh, but clearly this practice
cannot be considered a clean energy solu-
tion.
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Economic Benefits of
Combining Energy
Efficiency and Renewable
Energy Resources

The 1997 Kyoto protocol, an international
treaty to reduce global-warming greenhouse
gases, prompted analyses of the feasibility
and impacts of carbon reduction strategies
in the U.S. Given that power plants account
for 40% of U.S. carbon dioxide emissions,
power plants were featured prominently in
these strategies. Each of these reports pro-
duced concurring results:

e A 1997 study by five national laborato-
ries concluded that a vigorous national
commitment to devel oping and deploying
energy-efficient, low-carbon, and renew-
abletechnol ogies can reduce pollution, re-
duce energy consumption and produce
energy savings that equal or exceed the
costs of the endeavor.'?

e Another 1997 study by five environmen-
tal and public policy organizations found
that policies encouraging energy effi-
ciency, renewable energy, and other ad-
vanced clean technologieswould resultin
lower energy consumption, lower CO,
emissions, billionsof dollarsin consumer
energy bill savings, and anet employment
boost of nearly 800,000 jobsin the U.S.
by 2010.*

¢ |n 1998, the U.S. Environmenta Protec-
tion Agency analyzed policy and program
scenarios with help from the Lawrence
Berkeley National Laboratory. Theanaly-
sisidentified a relationship between car-
bon emissions mitigation (through
development of energy-efficient, low-car-
bon, and renewabl etechnol ogies) and eco-
nomic activity wherein carbon mitigation
resulted inincreased grossdomestic prod-
uct and economic savings by 2010 and
beyond relative to business-as-usual pro-
jections. 8



* |In 2000, the Interlaboratory Working
Group on Energy-Efficient and Clean
Energy Technol ogies examined the poten-
tial for public policies and programs to
address current energy-related challenges.
Their study concluded that public policies
promoting energy efficiency and clean en-
ergy production can significantly reduce
power plant air pollution with economic
benefits that are comparable to overall
program implementation costs.'®

All of these studies address the problem
of pollution with acomprehensive and long-
term approach, and all of these studies dis-
prove the long-held misconception that we
must choose between cleaner energy produc-
tion and economic growth. Their solutions
aresimilar inthat each multifaceted scenario
involves using energy more efficiently and
diversifying our energy mix by adding clean
renewabl e technologies to our portfolio.

Since we currently use heavily polluting
sources of energy to generate our electricity,
energy efficiency measures will have the
greatest effect on reducing pollution in the
near term by simply reducing the amount of
energy needed. Since we will always need
electricity, renewables will enable usto de-
velop a sustainable system for utilizing en-
ergy withminimal pollutionin thelong term.

Conventional Sources of
Electricity Generation
and their Costs

Coal, natural gas, and nuclear power serve
as the major sources for America’s electric-
ity generation. Current trends are pointing
us in the direction of increased dependence
on these unsustainable resources. A closer
look into to the life cycles of each of these
resourcesrevealswhy they are unsustainable
and more costly than clean energy solutions
in the long term.

Fossil Fuels

Fossil fuels are a limited resource. Clearly
we cannot continueto rely on them forever.

Some people fear that we will run out and
have no place to go, while others feel that
we will keep finding new deposits and do
not need to worry about it. Both of these
views miss the point. We should be con-
cerned about the limited nature of fossil fu-
els because of escalating environmental
costs, volatilefuel costsand supply instabili-
ties, and because deepening our dependence
on them is money and effort poorly spent
whenwewill unavoidably need to transition
to renewable fuels.

Natural Gas

Natural gasis currently the world’s favored
fossil fuel becauseit isthe cleanest burning
fossil fuel. Energy companies have re-
sponded to concerns about the health and
global warming effects of burning coa by
proposing that nearly al future electricity-
generating power plantsbefueled by cleaner-
burning natural gas.

Because its emissions are cleaner and be-
cause we are not yet geared up to rely com-
pletely on sustainablefuels, gasisextremely
valuableand should betreated asaprecious,
limited, transitional resourceto aid usaswe
shift our reliance onto sustainable energy
sources. Instead it is being regarded as an
unlimited commodity whose availability will
be appropriately managed by market forces
alone.

Market forceswould eventually treat natu-
ral gas as alimited resource, but this would
happen very slowly and only after wasting
unnecessary amounts. Most energy experts
agree that the average price of natural gas
will gradually rise over the coming yearsand
decades. Even the unflinchingly optimistic
Energy Information Administration (EIA)
predicts that natural gas prices will rise be-
tween 1.2% and 2.8% per year in constant
dollars through 2020.** Energy experts of
all backgrounds agree that energy produc-
tionwill shift from natural gasand other fos-
sil fuels to renewable technologies as the
price of fossil fuels goes up and the price of
renewabl es declines. To make this shift be-
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fore suppliesare squandered too extensively
and to correct for historical manipulations
of the market favoring fossil fuels, renew-
able energy development should be encour-
aged now.

Natural gas prices are also subject to dra-
matic volatility, as was clearly seen in the
“energy crisis’ in California over the past
year. According to the Department of Energy,
the cost of generating electricity using natu-
ral gaswas 3.7 ¢/kWh in 2000, but the cost
reached as high as 43 ¢/kWh in February
2001 in Cdifornia.®t

Theprice of fossil fuel-generated el ectric-
ity is dominated by the ongoing cost of the
fuel. Several factors directly affect the cost
of fossil fuels:

* Supply and demand.
* Accessihility of reserves.

* Infrastructure requirements for transpor-
tation and distribution.

Supply and Demand

The U.S. does not have enough domestic re-
serves of natural gas to satisfy our growing
demand. The U.S. Geological Survey esti-
mates that the U.S. has 1,049 trillion cubic
feet of gas remaining, of which only 16%

Figure 12: U.S. Natural Gas
Consumption vs. Production
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are proved reserves. If demand wereto grow
by 2.3% through 2020 as predicted by the
Department of Energy and stay constant
thereafter, and imports from foreign nations
remain around 16% of demand, thisamount
of gas only constitutes a 38-year supply.

Since 1986 the U.S. has not produced
enough natural gas to meet its demand and
the gap continues to widen.!*
Accessibility
Many of the new gaswellsneeded in the next
twenty yearswill betapping reservesthat are
more difficult to reach than those we've al-
ready tapped. As the Energy Information
Administration has stated in explanation of
its forecast of increasing natural gas prices,
“increasesreflect therising demand projected
for natural gas and its expected impact on
the natural progression of thediscovery pro-
cess from larger and more profitable fields
to smaller, less economical ones.”**

Energy companieshave had to drill avastly
increasing number of wells each year to pro-
vide amarginally increasing supply of gas.
If they are to increase production dramati-
cally over the next twenty yearsas projected,
they will havetoincreasedrilling far beyond
current and previous rates. Due to declining
well productivity, meeting those projections
may not even be possible.

Well Productivity

Theproductivity of gaswellspeakedin 1973
and has steadily declined since then. The
124,000 wellsin the U.S. in 1973 produced
an average of 182 million cubic feet (MMcf)
of natural gas. Thisproductivity fell sharply
in the following years, then continued on a
gradual decline. From 1984-2000, the aver-
age annual gas production per well declined
by 21 percent. In 1999, the country had two
and a half times as many wells asin 1973,
but each well was producing lessthan athird
as much gas — 307,000 wells produced an
average of 55 MMcf/yr each.

The natural gasindustry has evidence that
the rate per well of natural gas production
will continue to decline. William Wise,



Chairman and CEO of the world's biggest
natural gascompany, El Paso Corp., recently
stated plainly that gas production in North
Americaisflat despitearecent surgeindrill-
ing. Receiptsfrom hiscompany’s expansive
pipeline systems have stayed roughly con-
stant for the past three years. “Our field ser-
vicesarein all of the basinswhere all of the
drilling in the United States is taking place
and we are not seeing aproduction response.
We're just kind of treading water, holding
our own,” Wise told an annual energy con-
ference in March 2001. Decline rates — the
reduction in well output over the previous
year — have increased from 17% per year in
1970 to nearly 50% today. “What not every-
body realizesisthe samething is happening
in Canada,” Wise said. Decline rates there
went from 20% per year in 1990 to 40% per
year in 1998.1%

If the productivity per well stays constant
at the current rate of 55 MMcf/yr, 529,000
producing wells will be needed to meet the
U.S. projected demand of 29.1 tcf of gasin
2020. This is 72% more than the 307,000
wells in operation in 1999. With the gener-
ousassumptionthat all current wellswill still
be producing gas in twenty years, the U.S.
would need an additional 221,600 produc-
ing wells. Since only one out of two wells
drilled actually produces gas, 443,200 wells
would need to be drilled, an average of
23,300 per year. Thisis just slightly more
than the number of wells that were actually
drilled in 2000.%%®

However, since the productivity per well
has declined continually since 1973, it would
be more realistic to assume that the produc-
tivity rate will continue to decline. Between
1984 and 2000, productivity declined by
21%. If productivity declines another 20%
over the next twenty years, 707,800 new
wells will need to be drilled, an average of
37,000 per year. Since drilling will be sig-
nificantly lessthan that in the next few years
as the industry gradually expands, drilling
in the latter part of the twenty-year period

Figure 13: U.S. Production Wells
vs. Total Dry Gas Production
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will need to be well over 40,000 wells per
year, atruly unprecedented amount.

Imports

Since domestic supplies are limited, if we
continuetoincrease our dependence on natu-
ra gas, we will have to turn to expensive
oversees shipments.

Gasimported from Canada can be shipped
by pipeline, but as Canada experiences de-
clining production rateslikethe U.S., wewill
be forced to ook to other continents for im-
ports. To import natural gas from overseas,
the gas must first be turned into aliquid by
cooling it to -256 degrees Fahrenheit. It is
then shipped in tankers, turned back into a
gas at receiving facilities, and sent by pipe-
linetoitsfinal destination. The process will
certainly increase natural gas prices.
Infrastructure
The U.S. gas pipeline and electricity power
line network is in desperate need of atten-
tion. In most parts of the country, the net-
work is operating at its upper limits. New
infrastructure needed to feed the multitudes
of new gas plants planned for the U.S. will
affect the cost of natural gas.
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1991 Tellus Institute

Vice President Cheney has called for the
construction of more than one power plant
per week for the next twenty years, with most
of them fueled by natura gas. He recently
stated that the Bush energy plan would re-
quire 38,000 miles of new gas pipelines.’*
At arough estimate of $700,000 to build a
mile-long stretch of pipeline in an
unpopul ated areaand $2 million per milein
populated areas, this one piece of the Vice
President’s plan would cost $27 - $76 bil-
lion.*¥” Along with the cost of finding and
extracting natural gas, thiswill be atremen-
dous investment for arelatively short-term
solution.

At an average power plant lifetime of forty
years, domestic production of natural gaswill
peak well before those plants are used for
their full lifetimes. In recent years, “ stranded
costs” from bad investments in nuclear
power plants have been an issue. Twenty-
five years from now, we may face stranded
costs from gas-fired power plants that are
no longer economically viable due to lim-
ited resources.

Coal

Coal isused for electricity generation inthe
U.S. more than any other resource for two
basic reasons: it is adomestic resource and,
by ignoring thelife cycle costs, coa appears
to be the cheapest of al energy resources.

Asdownstream effects of burning coal are
being recognized, studies have begun to re-

Combined
Cycle

Natural

Coal Gas

3.91-9.58 15
6.03-13.45 2.27

1989 PLC Consulting 4.7-8.4 2.8
1999 Fraunhofer Institute

1986 Bonneville Power

1982 NRDC 4.05-6.75

2001 U.S. DOE/European Union 5.8 1.8
Average 6.6 2.1
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veal the truer costs of coal-burning power
plants. Without life-cycle costs included,
coal-fired electricity generation costs about
2.3 ¢/kWh.**® When external costs are ac-
counted for, the cost rises to more than 8 ¢/
kWh.** This is more expensive than many
emission-free renewable energy projects.

Fossil Fuel/Renewable
Energy Cost Comparison

When the true costs of the life cycles of
“cheap” fossil fuels are revealed, renewable
technologies often prove to be less expen-
sive. In 1994, the U.S. Office of Technology
Assessment reviewed previous studies of the
environmental costsof electricity production.
The studies mostly measure the costs of com-
pliancewith air quality regulations, transpor-
tation costs associated with energy
production, land useimpacts, and some pub-
lic health costs. Only one study, the more
recent analysis by the European Union and
the U.S. Department of Energy publishedin
2001, attempted acomprehensive set of costs
including the costs of climate change, hu-
man death and ilIness from disease and acci-
dents, reduced production of crops and
fisheries, degraded structures, lost recre-
ational and tourism opportunities, degraded
visihility, lossof habitat and biodiversity, and
use of land, water, and minerals. The other
studies each contain some subset of theseim-
pacts.

Table 9: Studies of External Costs of Electricity Generation (¢/kWh)?4°

Solar PV Wind Geothermal Biomass
0.0-0.5 0.0-0.1 0.0-0.9
0.4 0.009
0.0-0.029
0.0-0.27
0.6 0.15 1.1
0.4 0.09 0.01 0.8



Table 10: Electricity Generating Costs with Some External Costs (¢/kWh)?!4

Natural

Coal Gas

Basic Generating Cost 2.3 3.9
External Costs 6.6 2.1
2001 Cost 8.9 6

Solar PV Wind  Geothermal  Biomass
18.5 5.5 4.8 9
0.4 0.09 0.01 0.8
18.9 5.6 4.8 9.8

2001 costs for renewables in this table are the national average of today’s range of costs for each resource.
Solar PV costs must be compared to retail electricity costs, which range from 5-14.8 ¢/kWh for residential
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Coal hasthe greatest external costs. Natu-
ral gas, though its air emissions are cleaner
than coal, aso has significant external costs
duetoitsenvironmental impacts. Once some
external costsareincluded in the generation
costs, renewable energy sourcesarefar more
competitive, with costs of some renewables
less than that of fossil fuels.

Nuclear Power

Nuclear power is not the answer to cleaning
up our electric power industry-related pol-
lution. It isnot cheap and it is not safe.
Nuclear power would not exist in thiscoun-
try today wereit not for enormous subsidies
paid for by taxpayers and ratepayers. Tax-

payer-financed federal R&D money alone
hastotaled $66 billion.**® On top of that, the
nuclear industry has received a special tax-
payer-backed insurance policy known asthe
PriceAndersonAct, taxpayer-funded cleanup
of uranium enrichment sites, the costly
privatization of the previously government-
owned Uranium Enrichment Corporation,
and unjustifiably high electricity rates from
state regulators. Add to this the enormous
bailouts in state deregulation plans that be-
gan afew years ago and will continuein the
coming years. “ Stranded costs’ injust el even
key states may total more than $132 bil-
lion.#
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Job Gains from Clean
Energy Solutions

A clean energy strategy involving renewable
energy projects and energy efficiency mea-
sures would provide a net increase in jobs
for Americans. Both renewable energy and
energy efficiency projects would employ
people for manufacturing, installing, and
servicing equipment.

While much of the generating costs of elec-
tricity production from fossil fuels goes to-
wards fuel, electricity generation from
renewable energy involves a higher propor-
tion of its costs for skilled labor. A recent
report by the Renewable Energy Policy
Project estimated | abor requirementsfor coal,
wind, solar PV, and biomass co-firing. Ac-
cording to REPP, wind and solar PV would
provide 40% morejobs per dollar of cost (in-
cluding capital, construction and generating
costs), compared to coal employment.* A
37.5 MW wind project would require 9,500
hours of labor per megawatt of power in-
stalled and operating for oneyear. Thistrans-
lates to 4 person-years per megawatt,
meaning four peoplewould be employed for
one year or one person would be employed
for four years, assuming a 10-year operation
period. The operations involved in produc-
ing electricity from a2 kW solar PV system
would require 35.5 person-years per mega-
waitt of power output.

The CaliforniaEnergy Commission (CEC)
conducted its own analysis of job impacts
associated with different el ectricity generat-
ing technologies. Unlikethe REPP analysis,
the CEC separated temporary construction
jobsfrom long-term operating employment.

The CEC analysis aso found that renew-
able energy technologies employ far more
people than natural gas power plants. Com-
paring jobs created by anew 300 MW power
plant operating for 30 years, renewable en-
ergy technologies create at least 5 times as
many jobs as new combined cycle plants (for
solar PV) and as much as 25 times as many
jobs (for geothermal).

Net Job Gains in
New Hampshire

New Hampshire would experience anet job
gain with renewables and energy efficiency
development even after considering the em-
ployment losses in the conventional fossil
fuel industry.

A study conducted by the Tellus Institute
found that implementing climate protection
policies would result in net job gains across
the country. The suite of policiesin the cli-
mate protection scenario included policies
addressing the buildings and industry sector
and the transportation sector along with a
renewable portfolio standard and caps on
CO,, SO,, and NOx emissions to directly
addressthe electricity sector. Under thiscli-

Table 11: Job Impacts of Electricity
Generating Technologies#®

Construction

Employment
Resource (jobs/MW)
Natural Gas Plants 0.60
Wind 2.57
Solar PV 7.14
Solar Thermal 5.71
Geothermal 4.00
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Factor

Increase

Operating  Jobs Created in Jobs over
Employment per 300 Natural
(jobs/MW) MW Plant Gas Plants
0.04 630 1

0.29 3,381 5.4

0.12 3,222 5.l

0.22 3,693 59

1.67 16,230 25.8



mate protection policy scenario, the study
estimated New Hampshire would see a net
job gain of 2,800 jobs.#

Net Job Gains Nationwide

The National Center for Photovoltaics esti-
mates that the PV industry alone currently
employs some 20,000 American workersin
high-value, high-tech jobs. By 2020, the in-
dustry expects the workforce to reach
150,000. Several yearsbeyond 2020, the PV
industry estimatesit will doublethisemploy-
ment level, with jobs at the same level cur-

rently supported by General Motors or the
U.S. steel industry.1#®

Even considering thejob lossesthat would
occur in the fossil fuel energy industry, the
Tellusngtitute study mentioned abovefound
that a net gain of more than 700,000 jobsin
the U.S. would be created by 2010 under their
climate protection scenario.** Although the
number of jobs gained varies from state to
state, all states would see a net gain in the
number of jobs, even those that produce sig-
nificant amounts of fossil fuels, like Texas.
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PoLIcY RECOMMENDATIONS

comprehensive energy policy on a

Alocal , State, or national level must ad-
dressfour major priorities:

1) Energy conservation and efficiency.

2) Promotion of clean, renewable energy
SOurces.

3) Ending wasteful subsidies for fuels and
technol ogiesthat are neither clean nor sus-
tainable.

4) Promotion of more local control and
democratic governance over energy.

State Policy
Recommendations

With energy policiesthat address these four
areas, New Hampshire can begin utilizing
its clean and sustainable resources to cost-
effectively phase out dirty coal power plants,
meet a significant portion of its projected
electricity needs, and reduce overall demand
through energy efficiency strategies. The
benefits of such a transition include a dra-
matic reduction in pollution, amorereliable
energy system, and a stronger, more stable
economy for the state.

1) Policies Promoting Energy
Conservation and Efficiency

Energy efficiency and conservation are cru-
cial to an economical and effective energy
plan for the state. New Hampshire should
expand its current set of programsby imple-
menting policies that have been proven ef-
fective elsewhere:

Establish a Statewide Efficiency and
Conservation Goal.

In order to establish a benchmark by which
the state can measure it’s progress devel op-
ing efficiency and conservation programs,
New Hampshire must set a goal for energy
saved through efficiency and conservation.
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Utility Energy Efficiency Program

A Utility Energy Efficiency Program (re-
ferred to as a system benefits chargein New
Hampshire) establishesauniform chargeis-
sued by theelectric utilitiesto all customers.
New Hampshire should establish public
oversight of the utilities to ensure that they
are wisely spending the money generated
from the systems benefit charge.

State Tax Incentives

Taxation has long been a proven method for
encouraging or discouraging targeted busi-
ness practices. Tax incentives should be set
for energy efficiency measuresto encourage
individuals and businesses to incorporate
energy efficiency improvements and tech-
nologies.

State Agency Requirement for
Energy Efficiency Investment

State-owned buildings should be constructed
or retrofitted with high efficiency lighting,
heating, venting, air conditioning, and ap-
pliancesin order to reduce energy consump-
tion in New Hampshire. New Hampshire
already has an excellent program in place,
the Building Energy Conservation Initiative.
The state should expand the scope and pace
of this program.

State Adoption of the
International Energy Efficiency Code

Energy codes provide builders with mini-
mum standards for energy efficiency in
buildings. Unfortunately, construction in
New Hampshire still follows outdated build-
ing codes. Significant energy savingswould
be realized by adopting more aggressive
codes like the International Energy Effi-
ciency Code (IEEC).

Appliance and Equipment
Efficiency Standards

New Hampshire should increase efficiency
standards on sel ected products based on En-



ergy Star and the Federal Energy Manage-
ment Program. Significant savings could be
realized by New Hampshire consumersif the
state were to adopt standards similar to those
in California and those being considered in
other states.

2) Policies Promoting
Clean, Renewable Energy

New Hampshire hasafew renewable energy-
promoting programs, such as net metering,
tax incentives, grants programs, and solar
access laws.

Thesepoliciesareagood start, but the state
islacking some of the more effective renew-
able energy-promoting policies. New Hamp-
shire should implement additional policies
that have been proven effective elsewhere:

Statewide Goal for
Renewable Energy

In order to establish a benchmark by which
the state can measureit’sprogressfor instate
generation of renewabl e energy, New Hamp-
shire must set a goal for new, clean renew-
able energy generated in the state.

Renewable Energy Standard

A renewable energy standard would require
al retail electricity suppliers to include a
percentage of renewable resources in their
generation mix. New Hampshire should en-
act a standard calling for its energy mix to
include 8% renewablesby 2010 and 15% by
2020.

Utility Renewable Energy
Development Program

New Hampshire's system benefits charge,
described above, should also set aside apor-
tion of the revenues received for renewable
energy programs.

State Agency Requirement for
Renewable Energy Purchases

The state could have a significant effect on
the renewable energy industry by requiring

its agencies to purchase 10% of their power
from renewable sources. Thiswould provide
adependable market for local renewable en-
ergy companies as well as reducing pollu-
tion and helping to stabilize utility prices.

Generation Disclosure

New Hampshire'sderegul ation law contains
a provision requiring each utility to inform
its customers of the sources of electricity in
itsenergy mix, but the Public Utilities Com-
mission has never implemented the provi-
sion. The PUC should establish regulations
for generation disclosure without delay.

Net Metering

For those el ectric utility customerswith their
own on-site electricity generating systems,
net metering allows electricity to flow both
to and from the customer. When excess el ec-
tricity is generated by the customer’s own
system, the excess is fed back into the grid
and the customer is compensated for it.

Wind and solar power, two popular on-site
generating systems, produce electricity in-
termittently according to the availability of
their sources. Often they generate more
power during peak times than the immedi-
ate site requires. Net metering allows more
efficient use of electricity by capturing al
electricity generated from these on-site sys-
temsand distributing it to other users. Inturn,
the centralized power plant provideselectric-
ity to net-metering customers during times
when the sun is not shining or the wind is
not blowing.

In 1998, the New Hampshire Public Utili-
ties Commission approved net metering for
grid-connected renewable energy systems.
However, there is a limit of 0.05% of the
annual peak demand of each utility on ca-
pacity enrolled statewide and a limit of 25
kW on capacity of individual systems.

The Public Utilities Commission should
remove the statewide limit and increase the
limit per system from 25 kW to 1 MW. In-
creasing the limit would encourage busi-
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nesseswith greater demand to invest inmore
efficient on-site electricity generation sys-
tems.

State Tax Incentives

Tax incentivesfor the purchase and installa-
tion of on-site renewable energy technolo-
gies helps even the playing field for
renewabl etechnol ogies asthey competewith
traditional sources of energy for electricity
generation. Since nearly all of the costs of
renewable energy technologies are upfront
rather than spread out in the form of ongo-
ing fuel cogts, tax incentivesfor these upfront
costs are one way to help individuals and
businesses handle the challenge of the
upfront investment.

Taxing central station energy producerson
power output rather than capital assets is
another way to level the playing field be-
tween renewable and traditional energy
sources. Currently energy producers are
taxed on their capital assets rather than their
power output. Thisgivesan advantageto tra-
ditional power producers, since renewable
power producersinvest morein capital rather
than fuel.

New Hampshire'sloca property tax incen-
tiveisan excellent program whereit applies,
but it isnot available to the majority of New
Hampshire citizens. Far too many citiesand
towns do not offer it and many that do offer
it only do sofor solar PV or wind rather than
both. In addition, wood burning should not
qualify asit currently doesin somelocations
since burning wood is very polluting and
unsustai nable. New Hampshire should adopt
tax incentives that apply to the entire state
and that allow both solar and wind technolo-
giesto qualify.

Capital Cost Rebate Program

A capital cost rebate program reducesthe up-
front costs of purchasing and installing on-
site renewable energy systems. Since nearly
all of the costs of anew solar PV system or
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wind turbine are included in the initial pur-
chase and installation, consumers often need
assistance with financing. Rebate programs
have been very successful in removing that
barrier and increasing renewable energy ca-
pacity in several states. New Hampshire
should implement arebate program for wind
energy and solar PV systems so it can better
utilize these val uabl e resources.

3) Policies Ending Wasteful
Subsidies for Fuels and
Technologies that Are Neither
Clean Nor Sustainable

New Hampshire should not subsidize fossil
fuel and nuclear production, both of which
cost us dearly in environmental and public
health consequences. Subsidiesto these non-
renewable energy sources are a waste of
money that leave the renewable energy in-
frastructure unbuilt.

4) Policies Promoting More
Local Control and Democratic
Governance Over Energy

In a democratic society, public preferences
must be represented during the process of
energy policy development. To ensure that
the voices of New Hampshire citizens are
heard the state should:

* Include public participation in energy
policy decisions as the state is currently
doing with four public hearings during
development of its first-ever 10-year en-

ergy plan.

* Support effortsfor the public to buy elec-
tricity through their local governments.

» Support Citizen Utility Boardsto givethe
public greater representation in the regu-
latory process.

¢ Guarantee that communities are notified
of policy decisionsthat could affect their
future.



Federal Policy
Recommendations

Just as on the state level, a clean energy
policy on the national level must include
policies that address the same major aress.
The two most important policies needed on
afederal level to achieve the goal of aclean
and sustainable energy future for America
are a Renewable Portfolio Standard (RPS)
and a Utility Energy Efficiency and Renew-
able Energy Development Program (Public
Benefits Fund).

Renewable Energy Standard

A renewable energy standard, as described
above in the state policy recommendation
section, should also be implemented on the
federal level. The potential power output of
wind, solar, and geothermal resourcesin the
U.S. ismany timesgreater than our total elec-
tricity consumption. A national renewable
standard requiring all retail electricity sup-
pliersto include 20% of renewableresources
in their generation mix by 2020 would ben-
efit the country’s economy and environment.

Utility Energy Efficiency and
Renewable Energy Development
Program

As described under the state policy recom-
mendation section, the revenues received
from the uniform utility charge are set aside
for a wide range of energy efficiency and
renewable energy programs. On the federal
level, however, revenues collected would be
distributed by matching funds collected by
individual state utility energy efficiency and
renewable energy development programs.
In addition to these priorities, other fed-
eral measures should be continued or cre-
ated to ensure aviable national energy policy

Incentives for Energy-Efficient
Products, Buildings, and
Power Systems

Efficient use of energy is critical to a sus-
tainable energy system. Multiple incentives

targeted at different consumers and uses
should:

* Provide consumerswith energy efficiency
incentives such as rebates for energy-ef-
ficient home appliances and construction.

e Provide incentives to industrial users of
power to become more energy-efficient.

* Require rea-time pricing structures for
large industrial power users.

* Provide incentives to power plants that
adopt combined heat and power systems
to use waste heat and increase efficiency.

Efficiency Standards
and Building Codes

Efficiency standards and building construc-
tion codes need to be updated in order to take
advantage of technol ogy advancements. Ag-
gressive but achievable standards should be
established for the construction industry and
for appliances, transformers, industrial mo-
tors, air conditioners, lighting, and other
products that consume significant amounts
of electricity.

Renewable Energy
Production Incentive

This program provides financial incentive
payments for electricity produced and sold
by new qualifying renewable energy genera-
tion facilities. Qualifying facilities are €li-
gible for annual incentive payments of 1.7
¢/kWh for the first ten-year period of their
operation. Qualifying facilities must use so-
lar, wind, geothermal, or biomass generation
technologies.**® This program ended on De-
cember 31, 2001 and has not been renewed.

Wind energy projects have proven to be
very successful and energy suppliersarejust
beginning to understand how to integrate
wind power into their energy mix. Several
large Washington State wind projects backed
by the Bonneville Power Administration and
the largest wind energy project to date in
Colorado, however, are currently on hold
awaiting the decision on the extension of this
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program. Although wind iscurrently the least
expensive renewable energy source, incen-
tive is needed to pave the way for its wide-
spread utilization.

Interconnection Standards
and Net Metering Regulations

Renewable energy sources have a new ca-
pability that no traditional energy source to
date ever had. Not only can they operatelike
traditional power plants, dispatching their
power through the infrastructure of power
lines, but they can also generate electricity
onsite. Onsite electricity generation saves
energy and money in several ways. 1) it can
match the power needs of the onsite home,
building, or district accurately, 2) it elimi-
natesthelosses of energy that occur in long-
distance transmission, and 3) excess power
generated at onsite locations can be sent to
the power grid for distribution elsewhere,
reducing the number of new central power
plants needed. However, current interconnec-
tion penalties and barriers limit our ability
to effectively harness electricity generated
from these sources. Setting uniform and con-
sumer-friendly interconnection standards
would address the inconsistencies that now
exist. Net metering standards, as described
in the state policy section above, should be
set without caps to encourage onsite clean
electricity generation.
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Expansion of Federal Energy
Efficiency and Renewable Energy
Research and Development Funding

Energy efficiency offersthefastest, cleanest,
and cheapest solution to the nation’s power
needsand renewable energy technologiesare
essential for the U.S. to develop and main-
tain a sustainable energy system. Congress
should increase funding for research and
development of these technologies.

Carbon Tax

Currently, the costs of environmental and
public health damage caused by CO, emis-
sions from fossil fuel combustion are not
accounted for in the electricity generation
industry. A carbon tax would assign respon-
sibility of these costs to the appropriate
sources, instead of passing them on to other
sectors of society. A carbon tax should be
adopted for the electricity industry.

Retirement Plan for
Grandfathered Coal Plants

The Clean Air Act of 1970, as amended in
1977 and 1990, exempts coal -burning power
plants from new source standards, allowing
them to emit four to ten times the amount of
pollution that new plants may emit under the
Clean Air Act. These grandfathered coal
power plants should be required to meet the
same air pollution standards as new power
plants. Otherwise these plants should be re-
tired and replaced by renewable energy tech-
nologies, low-carbon technologies, or energy
efficiency.
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