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Abstract

The project developed a viable, comprehensive ggnglan for the United States
with the intent to drastically reduce the dependemt foreign oil over the next 20 years.
To this end a pragmatic and comprehensive evaluatfovarious energy technologies
was made. The intent is to encourage widespreagdtiadoof solar and wind energy

technologies in the US before there is an energgiscas transition after that point
becomes problematic.
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Executive Summary
Current energy polices are not sustainable in tmg lterm due to increasing

domestic and global demand that is outpacing sugpdiyenvironmental concerns causes
by traditional energy sources. If a crash transitm sustainable energy occurs as a result
of high energy prices the change process will beehmmore destabilizing on the
economy and expensive.

Oil and coal are currently the most widely usedrf®rof domestic power in the
US, but they have numerous externalized costsiadigt their true price. While power
plants using these types of fuels are cheap totmwmisthe long term health impacts of
the emissions are highly expensive. Supplies of fdesl-stocks for these plants are
limited and demand is ever increasing, thus netzsgg] an eventual transition.

In contrast, clean renewable energy sources susllas and wind energy have
high initial costs for the construction of the emegenerating device, but minimal long
term operating costs or pollution. Advances in tetbgy are rendering wind energy
more economically competitive, but it is not dilgctcompetitive with existing
technology yet. We expect widespread wind adoptwiti drastically reduce oil
consumption by roughly 50% within the next 20 yeass oil prices rise and wind
becomes more cost effective.

Europe has achieved widespread adoption of sublaieaergy sources through a
variety of polices ranging from ones aiming at r&dg the initial investment to ones that
guarantee prices on the output in order to redbeeisks involved. It is recommended
that the United States take a more proactive approaencouraging these technologies

to become independently viable leading to a pradocthift to sustainable power sources.

Introduction

The problem of sustainable energy resources forsoarety is of paramount
importance and extreme relevance. Without adeqeatrgy electricity, heat, food,
finished goods, and communication would be impdssib provide for society as a

whole, now and in the future. The relative lackk@fus on this issue combines with the



far reaching implications of an energy shortagentike this topic of interest to students
in diverse majors and the solution to it is essgmhd ensuring that our varied career paths
are able to be followed. As engineers, we esséntddsign solutions to important
problems, clearly this fits within that criteria.

The goal for this project is to provide the natimetter and/or more efficient ways
to use the current resources available to us. Wiisbenefit society because at our
current pace, which is going to increase as the akshe world matches our level of
technology, existing resources are clearly limited.order to make better use of our
available resources we have to either find alteéreatsources of energy, or get more
energy out of the current ones.

This project is qualified as worthy of an IQP bdil the importance of a
comprehensive investigation with the aim of devalggpossible solutions to the pending
energy crisis and the scientific nature of thatestigation. It is an interactive project in
that it is a group of people working together aral issue to solve a problem in society.
We will be using what we have learned at WPI inhmand science courses on a real
world project not on abstract problems in a texthoo

If original insight is developed that is worthy stholastic dissemination, the
findings of this project could be submitted to thepropriate journal for review and
perhaps publication in order to share what may bgable solution to an essential
problem with other people to evaluate and perhaypdement parts of it. In the true spirit
of an IQP, publication for publications sake is aaywhere near as rewarding as active
interest leading to implementation of ideas in weatld problem solving.

Evaluation of Current Technology

Oil

In terms of social issues that are dismissed by géeeral population, the
fundamental problems with an oil based economy ree@d the top. The global oil supply
is a finite quantity with production increases estpd to peak somewhere between the

years 2002 and 2008, a problem that was not mesdion the last major contested

election in 2008 After this peak, an oil shortage will exist amdlike the shortage of



1973 it “will not be artificial and it will not béemporary” in that demand will outpace
production at ever increasing rateldow an economy and the accompanying society deal
with this problem is a pressing concern and a \&lioiect for serious inquiry.

Global oil production rates can be thought of dsel curve increasing up to a
certain point, known as Hubbert's Peak after theremb prediction of American
Geophysicist M. King Hubbert in 1956 that domesiicproduction would peak in early
1970s, and then decrease after that poiftte gap between global supply and demand
can be projected to occur at the same rate asrthvettgon upward side of the peak
roughly “5 percent per year” thus requiring “a sithge for something like ten billion to
fifteen billion barrels per yea” This demand estimation is modest and does net tak
into account the explosive growth that can be etqokto occur as India and China bring
petroleum based economies online. “Americans coesiual at five times the average
per capita rate of the rest of the world” and asr#st of the world develops further there
will be even more demand for dilYet despite the increased demand “the finite supp
world oil is...written in stone. It's not engraved tre facade of the Treasury Building.
It's written in the reservoir rocks, in the sounexks, and in the cap rocks” and “no
amount of [innovation in drilling] is going to ssfy our appetite for oil” showing that
after a point oil can no longer sustain a sofiefihe question lies in how a society
departs from the unsustainable oil based system.

It is vital that plans are made to facilitate thngtshover and do not rely on rising
oil prices to render “other fuels economically catitive” as a means of leading to the
introduction of viable alternatives, as the time floese alternatives to develop is such
that it would destabilize the economy if the tréinsi occurred as a result of necessity
rather than plannirlg Furthermore, the resources required to transiioreconomy are
such that it may not be possible after an energpyscio gather enough resources to fix
the problem. With that said, “it has traditionaligken society 50 years to make the
transition from one dominant energy source to amwth The immediacy of the
Hubbert's Peak for the global oil production dentoates that this traditional, free

market transition is no longer feasible given tkisteng time constraints.
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As the graphabove demonstrates the problem will occur withie hext 25
years as global production is unable to meet deroadér various forecasting scenarios.
The issue of when oil runs out as a resource ipadicularly meaningful as a once it
becomes scarce it will cease being a viable safreeergy.

There are a wide variety of ways of generating gnénat are not based on crude
oil, and a systematic inquiry into the charactasstdevelopment required to achieve
implementation, and long term sustainability offeadll be used to attempt to suggest a
solution to the problem of the pending oil prodactgap and subsequent shortage.
Indirect Problems of Petroleum Energy

Particulates from gasoline are a social problemttierworld because chemicals
such as BTEX (benzene, toluene, ethyl benzenexgede) cause respiratory irritation.
Side effects of particulates are: headaches, digginsleepiness, nausea, irritated eyes,
breathing difficulties, and respiratory probleffis.

Other well known particulates are sulfur oxidesatiéhts who already suffer from
chronic bronchitis have shown an increase in ragmiy symptoms when the TSP (Total
Suspended Particulates) levels exceed 350 micragnaen cubic meter. Studies in
Holland have showed that as the,3Dd the TSP levels dropped the patient’s condition
improved respectively: While the particulate level in normal gasolinddw, diesel has
a much higher level of the particulatésAlthough normal gasoline release a small
amount of particulates into the atmosphere, with dmount of cars in the world now,
carbons ppm (parts per million) in the air is iragi&g. Diesel contribution to the
pollution is even greater.

The most general problems that gasoline causes@esase exposure to nitrogen
oxides, carbon monoxide, and unburned hydrocarbbims.potential threat of unburned

hydrocarbons is that they will create more carb@moxide which is a poisonous gas.



Smog
The two most prevalent contaminants from the corntnusof fossil fuels that
form smog are nitrogen oxides (INCand volatile organic compounds (VOC). Because
volatile organic compounds also come in large qgtiastfrom non-vehicular activities
and the formation of nitrogen oxides results mafnbyn high-temperature combustion of
fuel, it will be instructive to focus on the natwreNG; in urban air pollution:>
In the natural state of normal dry air, the conrmin of nitrogen dioxide (NO)
ranges from 0.25 to 0.5 parts per million (ppm) #melconcentration of nitrogen dioxide
(NOy) ranges from .001 to .002 ppm. Nitrogen oxide nmemsthmonly occurs in air by
nitrogen “fixation,” which is the reaction of aiitrogen and oxygen B
N, + O, — 2NO
At high-temperature combustion:
N + O— NO
The formation of nitrogen oxide results from thedation of NO by both a slow reaction
with oxygen:
2NO + Q — 2NO,
Fast reaction with ozone:

NO +Q — NO + O
Smog is formed by photochemical reaction with mj&o dioxide, producing a
chain reaction with atomic oxygen and VOC hydrooasbthat results in the formation of
chemically reactive free radicals ( Re and OHe)thy transfer of a hydrogen atom from
the VOC to the oxygen atdm

NO, + hv— NO + O
O + RH— Re + OHe
OHe + RH— Re + H,O
Notes: hv= photons of ultraviolet light (from suirek)
RH= hydrocarbons (from VOCs)



Distribution of air pollutants by source for 197@nepared with 1998

Source CO S SPM* VOC NQ,

1970 | 1998 1970 1998 1970 1998 1970 1998 1970 1998
Transportation 111.0/70.2 | 1.0 | 04 | 0.7 | 07| 195% 7.8 11|7 13.0
Electric 0.8 54 | 265| 16.7, 6.8| 1.1 0.6/ 0.9 10.0 10.2
Power
Industry 114 | 36 | 60| 15| 131 0.6 2.( 1.4 02 0|8
Solid Waste 7.2 12| 01| 014 14 0.3 71 04 04 01
Other 168| 91| 03| 09| 34/ 320 71 74 04 03
Total 147.2/89.5 | 33.9| 19.6| 254 347 347 17\9 227 244

*suspended particulate matter

Air pollution emissions in the U.S. 1940-1970

Pollutant Mass (in million tons)
CO 85-150

SO 22-34

SPM 25-27

VOC 19-35

NOy 7-23

Typical concentration of gases in photochemicalgtho

Component Concentration (ppm)
Major Gases kD 2x10

CO 4x1d

coO 4x16

CH, 250
Smog Gases NO 20

Os 50

vOC 10-60




The chart above shows the magnitude ofxNgnissions in the United States. In
1970 the fractional emissions was 51.5% from trartgion and 44% from electric
power plants. In 1998, NOemission was 53.3% transportation and 41.8% etqubiver
plants. From these figures we can conclude thabtas energy consumption increases,
the smog problem will not lessen greatly if thensgortation sector continues to uses
fossil fuels™®

These various types of air pollutants cause healtdblems such as “cancer,
neurological, cardiovascular, and respiratory effeeffects on the liver, kidney, immune

system and reproductive system, and effects ohdathchild development®

NOX21
NOx can cause a wide variety of health and environatesitanges because of various
compounds and derivatives in the group of nitrogeidles, including nitrogen dioxide,

nitric acid, nitrous oxide, nitrates, and nitriciae.

Affects ground-level Ozone (smog)

Smog is formed when NQand volatile organic compounds (VOCS) react in the
presence of sunlight. People with asthma and pewopte work or exercise outside are
susceptible to adverse effects such as damagentp tissue and reduction in lung
function. The ozone is also never stationary. Argirwind current can transport the
smog miles away, which cause health impacts fan fitee original source. Other impacts
ozone has is damaging the vegetation and reducopgyeelds.

Acid Rain

NOx and sulfur dioxide (Sg§) react with other substances in the air to foridsac
which fall to earth as rain, fog, snow or dry pads. Acid rain is devastating to the
environment. It can cause deterioration of carddimg and historical monuments, and
cause lakes and streams to become acidic and tahkbfor many fish.

Particles

NOx reacts with such material as ammonia, moisture cginer compounds to for

nitric acid and related particles. This is a conder human health because it affects the

respiratory system. If enough is inhaled, damagetthe lung tissue and premature death
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is possible. Small particles penetrate deeply s#asitive parts of the lungs and can
cause or worsen respiratory disease such as empayaed bronchitis, and aggravate
existing heart disease.
Water Quality Deterioration

Increased nitrogen loading in water bodies, pddity coastal estuaries, upsets
the chemical balance of nutrients used by aquédittg and animals. Additional nitrogen
accelerates "eutrophication,” which leads to oxygkpletion and reduces fish and
shellfish populations. NOx emissions in the air @ne of the largest sources of nitrogen
pollution in the Chesapeake Bay.
Climate Change

Of the NG group, nitrous oxide (D) is a greenhouse gas. It accumulates in the
atmosphere with other greenhouse gasses causiag@agrise in the earth’s temperature.
One of the effects from the increase in temperaiuthe rise in sea level and adverse
changes to plant and animal habitats.
Toxic Chemicals

When NG is in the air, it reacts readily with common organhemicals and
even ozone, to form a wide variety of toxic produ@ome of these are so dangerous that
they could cause biological mutations. An exampleis would be nitrate radicals, such
as nitroarenes, and nitrosamines
Visibility Impairment

Nitrate particles and nitrogen dioxide (BOhave the possibility to block
transmission of light, reducing visibility in urbasreas such as national parks and
historical land marks. During daylight NO and N@re in equilibrium with the ratio
NO/NGQ;, determined by the intensity of sunshine (whichvests NQ to NO) and ozone
(which reacts with NO to give back NONO and NQ are also central to the formation
of tropospheric ozon®.
Particulate Matter (pm, or pp [particle pollution]) %

This term is for a mixture of solid particles anguid droplets found in the air.
This includes dust, dirt, soot, smoke; which amgdaand dark enough to see with the
naked eye. These particulate matter contains sgopc solids or liquid droplets that

are so small that they can get deep into the largs cause serious health problems.
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Particles smaller then 10 micrometers (mm) poseajthatest threat. Particles of this size
can access the lungs easily and cause severe dapaateles of this stature can also
enter the bloodstream. Particles this big is thpnwause of reduced visibility.
C024
Cardiovascular Effects

Carbon monoxide affects people with heart diseasgina, clogged arteries or
congestive heart failure. A person with heart diseavith just a single exposure to CO at
low levels may cause chest pain and reduce thabper ability to exercise. Having
exposure multiple times could contribute to otremdovascular effects.
Central Nervous System Effects

No one is safe from high levels of CO exposure pRewho inhale high levels of
CO can develop vision problems, reduced abilitywtork or learn, reduced manual
dexterity, and difficulty performing complex tasksAt high concentrations of carbon
monoxide is poisonous and can cause death.
Smog

Carbon monoxide contributes to the formation of gnat ground-level ozone.

SOx25

Respiratory Effects from Gaseous,SO

High levels of S@in the air can cause temporary breathing diffictdir people
with asthma who are active outside. Long-term exmo$o high levels of SOgas and
particles cause respiratory illness and aggravastireg heart disease.
Respiratory Effects from Sulfate Particles

SO, reacts with other chemicals in the air to fornmytsulfate particles. When
these are inhaled, they gather in the lungs andhsseciated with increase respiratory
symptoms and disease, difficulty in breathing, preiature death.
Visibility Impairment

Just like with NQ, haze occurs when light is scattered or absorlyepakticles
and gases in the air. Sulfate particles are ortbeofeading causing of reduced visibility
in many parts of the United States.
Acid Rain
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Sulfur dioxide and nitrogen dioxide react with atsebstances in the air to form
acids, which fall to earth in many different forrfi®. rain, fog, snow, or dry particles).
Some of these particles can be carried by the vantundreds of miles damaging other
areas.

Plant and Water Damage

Acid rain also damaged forest and crops, changesntikeup of soil, and makes
lakes and streams acidic and inhabitable for f&intinue exposure over a long period of
time could change the natural variety of plants anichals in the ecosystem.

Aesthetic Damage

SO, accelerates the decay of building materials anthtgaThis includes

monuments, statues, sculptures that are part edbmmtcultural heritage that would

require additional money to fix.

Coal: Cheap in the Short Term

Since the 1700s coal has been burned as a souemengy’® Currently coal is
still used to generate electricity for the majori consumption in the United States.
“Electricity generation is the single largest udecoal in the United States. Electric
utilities consumed 87.4 percent of the total 1968l consumption of 892 million tor’s”
This consumption translates to just over half @& #hectricity production of the United
States. Many states, especially in the coal-producegions, get virtually all their
electricity from coal; others, especially on thestV€oast and in New England, burn next
to none?®

The current coal production and consumption in Ndkmerica has remained
steady for the pass ten years. That decade, thease of coal production went up 3.29%
while the consumption rose 14.4%. In other contisenich as Asia, the production rate
of coal increased by 61.9% and consumption by 56Qaémpared to the North American
statistics these numbers are much more drastickéJNlorth America, Asia is even more
dependent on coal and is increasing its outputtodsi well. The world’s overall
production of coal is up 28.1% and its consumpi®mp 28.4%. Globally, the world

hasn’t given up on this resource since the numfetrslecreasing at any rate. In 2005, the
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world produced 2887.2 million metric tons of coahile consuming 2929.8 million
metric tons. From 2004 to 2005, North America’srd@in the production of coal was
increased by 1.6% and its consumption by 23%ven though North America is
keeping good pace with the consumption of coalis itill depleting the level of coal
reserve on earth.

While the world is consuming more coal then itsquaing, there are still great
amounts of coal reserves around the world. In NArtterica alone there is 254.4 billion
metric tons of reserved codlWhile in the rest of the world, there is a coalenve of

654.6 billion metric tons! Even if the rates of coal consumption increasasiit is now

Environmental Concerns

One of the main reasons that the coal productianrbmained steady in North
America for the pass ten years may mostly becafigheoenvironmental awareness
around the country. As more coal is used, the taiks in the air also grow. “Coal use in
the United States can’t remain invisible for muchder, though. It is increasingly under
attack on environmental grounds, and objectioncanging both from home and abroad.
Even after decades of regulation, an astoundinggetion of the most serious pollution
problems in the United States are still caused dsl and the threat of global climate
change-something U.S. laws have yet to touch isattemof increasing international
urgency.®? Coal has caused environment harm such as acidhaimlamages the plants
and animals that may make it difficult for therrit@ in their current environmenit,

In places such as the United States are regul#dtm@mount of coal being used
and produced. With these regulations, the amourthahge on a world scale is very
subtle. But since coal isn’t an unlimited resoutbe, world needs to find a better way to
converse it. As seen on table 10-1, there are eehnblogical breakthroughs that will
increase the efficiency of coal. Efficiency is tfaio of the amount of energy created to
the energy supplied by the source.

As of now, coal’s efficiency level is about 38-434@he energy density of coal
is about 6.67 kW*hours/kg, however coals averageiefcy level is only about 30-40%

which only produces about 2.33 kW*hoursfKgWith new machines the amount of
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energy extracted from coal can be increased u@%o éfficiency, which almost doubles
the expectancy of the world’s coal reserve.

As soon as 2010 there could be a new machine tHahevease that efficiency of
60% or more® As long there are advancements in technology dai in the future, the

amount of coal reserve may not be a concern.

wind Energy: The Untapped Resource

In the United States, the expected value of endrgiywill be generated by wind
is 24.8 billion kWh of electricity. It has been iestted that the total potential of wind
energy could go up as much as 10,777 billion kWhuafly, which is three times the
electricity the United States generates todads of July 31, 2006, the total installed U.S.
wind energy capacity was 10,039 M{/This represents a 10% increase from a total
capacity at the end of 2005 of 9,149 megawattShe major limiting factor on capacity
increases is not market interest or even cost thae but availability of turbines. As of
March 2006, General Electric, the supplier for folyd0% of US wind turbines was sold
out until 2007°. Other smaller manufacturers are recognizing tlaeket demands and
coming online with production capacity slowly, hoxge the technological complexity

and high degree of precision needed to constrgtiyefficient turbines is fairly high.

Wind Energy Prices

A major driver of increased interest at all levielsvind power, is that in the past
20 years, the cost of wind energy per kilowatt hloas dropped roughly 90% “from 38
cents in the early 1980s to between three and inscin 2004*'. In comparison,
according to the US Department of energy the awepaige per kilowatt hour of standard
electricity is roughly $.07%. The factors that affect the cost of wind energyweh
changed drastically and will continue to declinglasindustry grows and matures. One
of the major factors that determines the cost wdpce wind energy at a given site
project site is wind speed. From chart A-1, you sa@ a noticeable improvement in price

efficiency as the wind speed increa$es.
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Cost of Energy and Wind Speed
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Cost of Electricity (U.S. dollars)

23.45 26.50 30.57
Wind Speed (feet per second)

44

The further above the ground the turbine is anddhger the surface area swept
by the blades, the more powerful and productivetdnigine. “The swept area of a turbine
rotor (a circle) is a function of the square of thlade length (the circle’s radius).” In
other words, if you have a 20m it would have a kW0 turbine. Unlike in the 1980’s,
where they were only capable of producing 10m diamaades, today we can construct
blades over 50 meters. Since wind speeds incredbedistance from the ground, new
higher wind turbines are a vast improvemnient.

Compared to 1981, the price per kW has greatlyawgd throughout the past 25

years. The increased rotor diameter has contribgtedtly to this increase in price

efficiency®
Improvements in Wind Turbines 1981-200¢

1981 2000
Rated Capacity 25 kW a&sv
Rotor Diameter (meters) 10m 71m
Total Cost ($) $65 , 310
Cost per kW $2,600 987
Output, kWh/year 45,000 5.6 million
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On the world standpoint, the United States hasobribe largest wind-generating
capacities. As more technology is developing torowp the use of wind turbines, there
will also be an increase of the use of them. By(2GRBe price per kilowatt of wind

energy generated could be as low as 3 cents.

Average Cost Per Kilowatt Hour of Wind-Generated
Electricity - with Projections to 2020*

40

35 1
30 1
2 25 —+—1982
S —+—1989
O 20 1
1) —e— 2002
5 15
= ---e--- 2020
10
5 e
.......... -
0 ; ; ; ; ‘
1980 1990 2000 2010 2020 2030

Year

*In 1982 it was 38 cents, 1989:18 cents, 2002:3h&next 20 years it is predicted that

wind energy will go as low as 3 cents per kWh geteet*®

Scale for Wind Turbines

It may still be too early to see small scale winthines for conventional use at
high levels of efficiency, since the price is sfgrantly different depending on the size of
the turbine. “A 3—-MW wind project delivers electticat a cost of $0.059 per kWh and a
51-MW project delivers electricity at $0.036 per kWa drop in costs of $0.023, or
nearly 40%.” Also, larger installations have leggemtions and maintenance (O&M)
costs per outpyt

However with that said, there are certain applceti where small scale wind
turbines are being deployed with a great deal ateass. In areas with long distances
between consumers, local smaller power generatemtgpmay be more cost effective to
maintain as estimated costs to maintain rural pdimes are around $500 per mifle

Local power generation would lead to more religidaver for isolated consumers as the
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reduced line lengths are also less likely to bekdmoby limbs or other weather related
incidents as these incidents occur probalisticalseld on location and line length.

As a possible application of small scale wind pgowilee deployment of turbines
to augment residential power needs and interconmigeithe local electrical grid, selling
excess power and buying needed power has sevesated issues. In over half the
United States, residential wind power that is cetee to the grid often is sold to the
power company for one rate that is drastically léms the price charged for power,
creating a disincentive for larger more efficieoiy@r generation at the residential level
as the spare power generated does not save a cemsurch moneyf. To deal with this
problem “twenty-two states in the United Statesnpenet metering for wind turbines”
where essentially power put into the grid comegtwfpower consumed on a 1:1 bsis
The typical limit on the size of this type of intennect is “10 kW, though in some states
the limit is higher; Minnesota, 40 kW; Massachus&0kW; New Mexico and North
Dakota, 100 kW. There is no limit in lowa” While useful in certain applications, these
small scale wind turbines are unable to gener&esadme cost effectiveness as large wind
farms, restricting their usefulness.

Wwind Energy is increasingly becoming utilized gitp and “Asia became the
most dynamic world region in the year 2005, witgrawth rate of 48 %, adding 2.263
MW, up to an overall capacity of 7.022 MW.” In Asilndia and China are the major
drivers in terms of installed capacity as wellm$erms of manufacturing facilities. “The
Asian leader continues to be India which overto@nibark and ranks now at the fourth
position both in terms of overall capacity (4.430Mas well as of added capacity (1.430
MV\/).”54

China which was once ranked tenth (with 764 MWvind energy is now ranked
eighth (with 1,260 MW) in the world. In early 200he Chinese government adopted a
renewable energy law and increased the officigetafor the year 2020 from 20 GW to
30 GW. With this change, it will create excellembwth perspectives, a policy the US
government can look to.

Europe is still the global leader in wind energgpacity (40.932 MW),
representing about 55% of the added global capatitg European market has shown a
growth of 18%°
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Typical wind turbines, as installed in power plaatsund the world are usually around
750-kilowatt (kW), produce about 2 million kilo-watours (kwWh) of electricity annually
Global Installed Wind Capacity®’

installed capacity 2005 2005 installed capacity 2004 2004

MW in % MW in %
Europe 40,392 69.4 34,758 72.9
Africa 252 0.4 240 0.5
America 10,036 17 7,367 15.5
Asia 7,022 11.9 4,759 10
Asia
Pacific 740 1.3 547 11
World 58,982 100 47,671 100

Benefits of Wind Power

The major benefits of wind power are that it iswgiry to be cost effective and it
is sustainable and green. Wind power is greendhitidoes not produce waste, any, CO
or toxic emissions, in contrast to many of the itradal means of power generation. It
also does not consume significant resources totaiain

A typical 750-kilowatt turbine with reasonable wisgeeds “can be expected to
displace a total of 1,179 tons (2.36 million poynaiscarbon dioxide, 6.9 tons of sulfur
dioxide, and 4.3 tons of nitrogen oxides” in onary@ comparison to the general level of
outputs from typical U.S. utility fuel pow®r The average fuel mix emits 1.5 pounds
CO, for every 1 kWh. Annual wind power energy prodauntiis currently around 2
million kwWh of energy per year, which is a mitigati of 1,500 tons of C{alone and

proportionate levels of other toxins. “According @ur Ecological Footprint a forest

absorbs approximately 3 tons of £fer acre of trees per year.” To provide scalehos t
data, in California alone current energy produciaover 3 billion kwWh a year, so if
even half of California’s energy needs could be metwind farms that would prevent
2.25 billion tons of C@from entering the aiP?

In addition to no pollutant output, one of the athenefits of wind energy is that
it uses very little water to maintain itself. Compa to other major energy sources like

nuclear, coal, oil and combined cycle, wind onlesis small faction of what these
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sources uses. A material such as coal requiredtaavaount of water in order to derive
usable energy from it as it needs to be cleanedamakessed with water before it can be
used properly. As seen on the table below, the atnouwater that is required for wind
is significantly less then the other resources actaxl for. The main use for water with
wind energy is to clean wind turbine rotor bladesuid climates (where rainfall does not
keep the blades clean). Cleaning the blade is sapedo eliminate dust and insect
buildup, which otherwise deforms the shape of itfeinand degrades performante.

Amount of Water Required to Process Each Resourék

Technology Gallons/kWh Liters/lkWh
Nuclear 0.62 2.30

Coal 0.49 1.90

Oil 0.43 1.60
Combined cycle 0.25 0.95

Wind 0.001 0.004

PV (solar) 0.030 0.110

Commonly Held Objections to Wind Energy

There are several commonly raised perceived isgus wind power than
hinder public acceptance; operating noise, rapits &nd perceived unreliability and
thus a need for backup power,

Modern wind power does not cause high levels adenpollution with a wind
farm that is 750 ft away generating levels of naseround 40-45 decibels, which is
quieter than a typical conversation in a hémvind mills do kill birds, but in
statistically insignificant numbers compared to tbil bird fatalities as a result of other
technologies such as power lines. Roughly one beavery ten thousand bird deaths as a
result of technology occur as a result of wind itoes whereas buildings and windows
kill roughly 5,5000 per ten thousatid

When installed correctly in a windy area and a$ pba distributed system wind
turbines generate power about 65-80% of the timmagh not at maximum output, typical
levels of output due to wind speed variations breakvn as follows “at full rated

capacity about 10% of the time, and on averageutirout the year the plant will
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generate 30% to 35% of its rated capacifyThese variations are not unpredictable and
can be accurately forecasted allowing time to batiger power sources online. A major
study “conducted in 2004 for the Minnesota Departined Commerce found that adding
1,500 megawatts...would require only an additionM\& of conventional generation to
deal with added variability®. As this demonstrates, when coupled with othemgoof
power that can be phased in and out to meet demaexds this is fine, and most systems
have excess capacity built in. However, wind iswiable as a standalone solution to the
pressing energy problem, but as part of a largkitisa with other technologies it looks

promising.

Solar Power Analysis

Solar power offers a potential solution to the pegdenergy crisis. However it
currently suffers from prohibitively expensive méé costs and space to power output
issues. As an example, to have the same 1,000 naigamiput as a typical power plant
“a solar or wind collector has to occupy five seuaniles”®.

The major issues with using photovoltaic cells toness solar power are cost,
both in terms of efficiency and initial investmetd energy storage for night utilization.
The costs per kWh for solar power over a 40 ydarHave fallen from $0.18 in 2001 to
roughly $0.15 as of February 2066This is higher than existing energy costs, but the
advantage of solar, much like wind is that it regsiiminimal maintenance expenses.

In terms of ability to be implemented current salalls have energy efficiencies
of 8% while technology currently in development hagoal of 12% efficiency and levels
of roughly 25% are needed to be viable and impléeteon a wide scaieé Recent
research in this area is promising with a recentlbg@ment of a photo voltaic cell with
“efficiencies of >32% in lab condition®®. Along with efficiency issues the cost of
producing the cells is also rather expensive. Bykilng at current online stores, it was
determined that PV panels range from anywhere f&#00-1,100 per panel. These
panels were only available in the range of 85-2&dtsvcapacity costing on average

between 4 and5 dollars per watt generated.
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Panel Size and Cost in Solar Celf8

3800 5/ kwip

4200 5/ kwp 17.5 19.1 210 233
4600 =/ o 19.2 209 230 256
5000 s /kwp 20.8 227 250 278

“The table below shows the total cost in US ceetskiWVh of electricity generated by a photovoltaistsm. The row headings on the
left show the total cost, per peak kilowatt (RWof a photovoltaic installation. The column hewgdi across the top refer to the annual
energy output expected from each installed,kWhis varies by geographic region (mainly becanfsdifferent levels of insulation)
and the efficiency of the PV modules. The calcdatalues reflect the total cost in cents per kWidpced. They assume a 4% cost
of capital, 1% operating and maintenance cost,depteciating the capital outlay over 20 years. (hadly, photovoltaic modules
have 25 years' warranty, but they should be fuilycfional even after 30-40 years?)”

Manufacturing costs are dropping at 3 to 5% a yreaecent years, expanding the
range of cost-effective uses. From 1990 to 2008, cbst of retail photovoltaic panels
dropped from $7.50 to about $4 per watt. With mamsdictions now giving tax and
rebate incentives, solar electric power can nowfpaytself in five to ten years in most
places. Grid-connected systems, a system with tierigahat connects to the utility grid
through a special inverter - now make up the largad of the market.

The large initial investment required to harness $hn's energy makes it more
expensive than other energy sources in the shortaquiring longer to realize a return
on investment. Existing battery technology is irqadee for storing energy for evening
use as it grows inefficient with daily charging adscharging. Perhaps storing the
energy in another form using a future technologyhgdrogen fuel cells would also
enable solar energy. With sufficient technolog@dVances that lower costs and increase
efficiency it would be possible for solar powert®come a viable energy source for both
grid power and charging batteries in transportatama reference statistic roughly “ten

thousand times as much electric power as even Aaresiconsume” falls on the US in
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the form of sunlight each year but it would be hyghmpractical to cover even one
thousandth of the surface of the US in solar p&hels

It is not the absolute cost of solar power to iifpat that makes it prohibitive but
instead the cost compared to the current optiosplge. Also, more realistic pricing on
gas through the removal of subsidies will helpthie scales in favor of implementation
of solar power. While sustainable as long as shhligaches the earth and wind moves
“renewable energy sources are also rate limitesl; tan flow forever, but only at a fixed
rate. They cannot support an indefinitely largeyation and a capital plant growing at
high rate&’. Thus they are not a stand alone solution butrapement of a system to
replace the existing one. There must be major pgsgmade on efficiency and material
costs in the near future for photovoltaics to beeoan significant source of energy.
Otherwise they will just used as support in angraged system, perhaps with wind

turbines.

Foreign Sustainable Energy Policies

Europe has enjoyed much greater success adoptihgrgalementing sustainable
alternative energy than the US to date and as resdar moving the US to sustainable
energy the example of nations that have made #msitron are viable areas for research.
The three countries that are most effective inveelng wind energy are Denmark,
Germany and Spain. The amount of taxes that Germaryd apply would depend on
the wind resources. France uses the same systeanmain driver for investment in wind
energy especially in Spain and Germany is the laghl of feed-in tariffs.

A feed-in tariff essentially is the government mainag “The price per unit of
electricity that a utility or supplier has to pagr frenewable electricity from private
generators™. This is a vital policy that the US can and shaeinlilate to increase market
adoption and viability of wind turbines. Policiasch as this would lower a major barrier
to market entry of excess capacity is effectivelgsted from the point of view of the
owner of the grid connected turbine as it is badgha fraction (generally 20%) of what
it is sold back to the consumer for. This sort afift ensures someone who owns a
turbine or a solar panel they will be able to gstable, fixed price per kW/h and recover

their investment. Additionally, by providing incérg to generate more power rather than

23



minimum for personal use, this policy encourages ¢onstruction of larger more
efficient turbines. An interesting issue is thagden tariffs work even with fairly low
profit margins, as long as it is guaranteed.

In Denmark, the “feed-in tariff for wind power hbsstorically been set at 85% of
retail electricity prices...and — along with import@oempanion policies including capital
subsidies, tax incentives, low-cost financing, &&D funding” has lead to Denmark’s
position as the world’s foremost “industrial cenfter wind technology development and
manufacturing™.

During the 1990s, “the German electricity feedaw|..required that wind power,
solar, hydropower, and biomass receive 90% of ¢éselential retail price of electricity
(from 9.5 cents/kWh in 1991 to 8.8 cents/kWh in @9%roviding a strong incentive for
the creation of alternative power sources. This a8 been revised and updated since
then and while it has “frequently been protestecklegtric utilities..it has successfully
launched the most sizable wind power market wordéwand Germany now represents
one of the largest solar markets as wél'Recently, Spain has drastically increased it's
“installed wind power capacity, in large part asesult of an attractive feed-in tariff
established in 1994

While feed-in laws are a viable solution in Eurofheey are not generally
politically popular in US free market economics whthe government seeks to minimize
short term costs rather than optimize energy atiin and long term public costs
benefits. Based on the success of the Europeamnsati adopting alternative energy it is
suggested that the US develop some sort of fepdeigram to reduce risk and encourage
investing in renewable energy.

In addition to feed-in tariffs, another major meahscreasing alternative energy
adoption is the establishment of a Renewable RmrtfStandard or RPS, policies
mandating that utilities derive a certain perceatafjtheir power from renewable energy
sources. These include target dates and penadti¢silure to comply with the RPS. “The
RPS is an increasingly popular form of support fenewable energy, with several
developed nations considering phasing out thenl-fedariffs in favor of an RPS-based
mechanism” since it enables alternative energy @mopvhile still allowing the open

market to control pricing
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While much more flexible and in tune with Ameriddeology than feed-in tariffs,
RPS still is not politically acceptable to the Amsan Congress. In May of 2005 the
“House Committee on Energy and Commerce, an amamdtoeadd an RPS (1% in
2008, increasing by 1% annually through 2027) wagscted (17-30)” while a “Senate
version had a 10% RPS provision” also was rejettethe fundamental issue is that the
American government is highly uncomfortable mamaatanything to private utilities and
is also too heavily influenced by petroleum lobby/iso enact any legislation that is
against their interests but in the overall intesthe nation. This MUST change for a

secure, sustainable, non-polluting American eneagifolio to develop.

Effectiveness Indicator for Wind Onshore Electricity (1998-2004%
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This data shows that development of wind generatapacity has been the most
effective, by far in those nations with feed-iniffaras the risk to investors is minimized,
providing enough incentive to invest in the newhtemlogy. EU analysts have concluded
“that, in a quarter of the Member States, supp®rtop low for any takeoff. Another
guarter provides enough support but still obtairdimere results. This can be explained

by the existence of grid and administrative bastiét

25



Overview of the main policies farenewable electricity in EU-18%

Country Main electricity support schemes Comments

Austria Feed-in tariffs (now terminated) Feed-in tariffs have been guaranteed for 13 ydés.
combined with regional investment instrument was only effective for new installatiomish
incentives. permission until December 2004. The active perioithe

system has not been extended nor has the instriraent
replaced by an alternative one.

Belgium Quota obligation system / TGC27 The Federal government has set minimum prices for
combined with minimum prices for electricity from RES. Flanders and Wallonia have
electricity from RES. introduced a quota obligation system (based on T®@@bk

the obligation on electricity suppliers. In Brusseb
support scheme has been implemented yet. Windayfish
is supported at federal level.

Denmark Premium feed-in tariffs (environmental Settlement prices are valid for 10 years. Theftbaifel is
adder) and tender schemes for wind | generally rather low compared to the previoushhHiged-
offshore. in tariffs.

Finland Energy tax exemption combined with | Tax refund and investment incentives of up to 40% f
investment incentives. wind, and up to 30% for electricity generation frother

RES.

France Feed-in tariffs. For power plants < 12 M\atfén tariffs are guaranteed
for 15 years or 20 years (hydro and PV). For pgoants
> 12 MW a tendering scheme is in place.

Germany Feed-in tariffs. Feed-in tariffs are gutead for 20 years (Renewable
Energy Act). Furthermore soft loans and tax incerstiare
available.

Greece Feed-in tariffs combined with Feed-in tariffs are guaranteed for 10 years. Inuest

investment incentives. incentives up to 40%.

Ireland Tendering scheme. It has been Tendering schemes with technology bands and paips.c
announced that the tendering scheme| Also tax incentives for investment in electricitpin RES.
will be replaced by a feed-in tariff
scheme.

Italy Quota obligation system / TGC. A new| Obligation (based on TGCs) on electricity suppliers
feed-in tariff system for photovoltaic | Certificates are only issued for new RES-E capatityng
valid since 5th August 2005. the first eight years of operation.

Luxemburg Feed-in tariffs. Feed-in tariffs guaraakéor 10 years (for PV for 20

years). Investment incentives also available.

Netherlands

Feed-in tariffs.

Feed-in tariffs guéead for 10 years. Fiscal incentives
for investment in RES are available. The energy tax
exemption on electricity from RES ended on 1 Januar
2005.

Portugal Feed-in tariffs combined with Investment incentives up to 40%.

investment incentives.

Spain Feed-in tariffs. Electricity producers can choose between a fixed-ie
tariff or a premium on top of the conventional élieity
price, both are available over the entire lifetiofi@ RES
power plant. Soft loans, tax incentives and rediona
investment incentives are available.

Sweden Quota obligation system / TGC. Obligaticaséu on TGCs) on electricity consumers. F
wind energy, investment incentives and a small
environmental bonus are available.

United Quota obligation system / TGC. Obligation (based @Cs) on electricity suppliers.

Kingdom Electricity companies which do not comply with the

obligation have to pay a buyout penalty. A tax egtom
for electricity generated from RES is availableyie
Exemption Certificates which give exemption frore th
Climate Change Levy).

*TGC = tradable green certificates.
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Historical Development of Electricity Generation from ‘New’ RES-E in the
European Union (EU-25) from 1990 to 200%
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As the graph above shows, the adoption of altereanergy sources has been increasing
in recent years. Wind energy both on shore andhadf shown both the greatest relative
increase and real increase in output from 1990-20@3e sources examined here.

RES-E as a Share of the Total Achieved Potential in004 for the EU-15*

% Biogas M (Solid) Biomass
W Biowaste M Geothermal electricity
W Hydro large-scale @ Hydro small-scale
Photovoltaics Solar thermal electricity
Tide & Wave 'Wind onshore
' Wind offshore 8.5%

EU-15 total
RES-E breakdown 2004

*EU-15: Consist of the following countries. Austridelgium, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Luxemburg, Netherlandsiyal, Spain, Sweden, United Kingdom.

In terms of renewable energy sources in Europaridraway hydropower provides the
most energy, and then wind is a distinct second.

Policy Analysis and Suggestions for the Future
Ideally “by 2025 we can cut our oil consumptionhalf. This would slash our

reliance on electricity-producing fossil fuels likeal and natural gas almost entirely”.
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Utilizing sustainable “energy sources we can vityualiminate our need to rely on
greenhouse-gas-producing fuels” a major benefit boterms of decreasing our political
reliance on foreign nations and our pollution l&f&This goal for the US is not overly
ambitious in the global scale as by “2020 Swedemtsvao become fossil-fuel
dependency free” and “only using 35% of its totaérgy from oil, gas, and coal. [In
contrast] fossil fuels satisfy 86% of the Unitecat8s demand&®. We are far behind
Europe in adoption of alternative energy where Deknis able to currently meet a fifth
of its energy needs with wind power and plans twdase that to a quarter in 2008 “and
by 2030 40%. While in the United States, only 0.d#4energy demand is satisfied by
wind turbines®’.

Reducing CQ@emissions or at least keeping them constant &2 B8ls is also a
reasonable policy goal. Under current projectio@arbon dioxide emissions from
energy use are projected to increase at an aveatggef 1.4 percent per year from 1,511
to 2,041 million metric tons carbon equivalent bedw 1999 and 2028 If we are able
to achieve a standard of having 20% of all energyhe US come from renewable
sources in “2020 [it] would freeze electricity-sarcicarbon dioxide emissions at year
2000 levels through 2020 at a modest cost of $t8quereduced®. If nothing is done
the CQ levels will grow by 24%%

Keeping total energy costs low for consumers igessential goal of any energy
policy. Maintaining inflation linked energy costs$ ia constant dollars is essential to
keeping the economy running smoothly. A US govemm&udy found that “RPS
proposals” will save consumers less than highdupiodg, non renewable policies, “but in
every RPS proposal, customers would still be payasg for electricity than they are
today. Even under the more aggressive 20 percef, R¥erage consumer electricity
prices were projected to fall 13 percent betweefi718nd 2020, compared with 18
percent without an RPS® As seen in the graph below, this will result ifaaerage
electric bill savings of $5.90 per month betwee®88@nd 2020 under business as usual
by $1.33.” for a typical househdfd
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Figure 10. Average Monthly Electricity Bill for a
Typical Nonelectric Heating Household
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Strategies to Overcome Barriers
In order to realize this vision it essential toemmome the political and inertial

entrenchment of the existing power ideologies. &nable power is on the cusp of being
viable, with support the entry barriers to the negskwill be lifted, ushering in a new age
of “reduce[d] trade deficits, enhance[d] nation&cwity, and ...millions of non-
exportable jobs”.93 As seen in the analysis oftexgstechnologies combined with the
long term trending below, alternative energy wil imcreasingly economically feasible
as the price of conventional energy increasese&sad attention to the externalized costs
of conventional power generation will also tilt ficbopinion towards green energy.
Mercury pollution and ozone are seen as generaalsitls, rather than specific outputs
from certain industries. As this perception changesto will the preference towards
willing to absorb higher monetary costs for cleaergy?

Some policy options to facilitate the transitioclide RPS and feed-in tariffs as
seen in Europe. Renewable energy sources curnenatlyde 6% of all energy in the US.
If this number is to reach 20%, government policysmmake reasonable efforts to
increase the viability of alternative energy. Wisdroving itself economically viable in
both the long and short term as compared with thgegted price for a traditional energy

mix rising to 6.71 cents per kWh while wind will lgncost roughly 3 cents. The major
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issue is the high initial cost of constructing thebines as seen in the technical analysis
of the technology. RPS strategies to encourage tadopvill further facilitate the
transition. Feed-in tariffs as seen in Europe far transitory period will also be helpful.
Guaranteeing that the investment will provide daiamrate of return will make the initial
capital investments much more forthcoming and hefjuse utilities to favor the
construction of a new wind farm rather than a gaht to handle increased consumption.
Given enough time and the gap in petroleum demardl supply it is likely that
alternative energy will be economically competitiwéh traditional energy sources as
demonstrated below.

Total Energy Consumption — U.S. 2000-2004(in QuadBs$)94

Energy Source 2000 2001 2002 2003 2004P

Total @ 98.961 96.464 97.952 98.714 100.278
Fossil Fuels 84,965 83.178 84.070 84.889 86.186
Coal 22580 21.952 21.980 22713 22918
Coal Coke Net Imports 0.065 0.029 0.061 0.051 0.138
Natural Gasn 23.916 22 861 23628 23.069 23.000
PetroleumS 38.404 38.333 38.401 39.047 40.130
Electricity Net Imports 0.115 0.075 0.078 0.022 0.039
Nuclear Electric Power 7.862 8.033 8.143 7.959 8.232
Renewable Energy 6.158 5.328 5.835 6.082 6.117
Conventional Hydroelectric 2.811 2.242 2689 2.825 2.725
Geothermal Energy 0.317 0.311 0.328 0.339 0.340
B\omassg 2.907 2.640 2648 2740 2.845
Solar Energy 0.066 0.065 0.064 0.064 0.063
Wind Energy 0.057 0.070 0.105 0.115 0.143

3 Ethanol blended ints motor gasoling iz included in both "Petroleum™ and "Biomass,” but iz counted only ence in total consumption.

® ncludes supplemental gaseous fuels.

£ Petroleum products supplied, including natural gas plant liquids and crude oil burned as fuel.

E Biomass includes: black liquor, wood/wood waste liquids, wood/wood waste solids, municipal solid waste (MSW), landfill gas, agriculture byproducts/crops, sludge waste, tires, alcohol fuels (primarity
ethanol derived from corn and blended into motor gasoline) and other biomass =olids, liquids and gases.

T Preliminary

Note: Data revizions are discussed in Highlights section. Totale may not equal sum of components due to independent rounding.

Sources: Non-renewable energy: Energy Information Adminiztration (ELA), Monthhy Energy Review (MER) March 2005, DOE/ELA-0035 (2005/03) (Waghington, DC, March 2005,) Tables 1.3 and 1.4.
Renewable Energy: Table 2 of this report. A= a result totals in this table do not match the March MER.

Solar energies rate of change per year is aboR¥%-1Solar energy is losing its
popularity in the United States. If this decreasatitiues, the amount of solar energy
consumed will only be 1.24 mtoe. Solar energy vetjuire large amounts of advertising
and subsidizing to rebound from its slumps of tastp

wind on the other hand is doing very well in thestpBew years, reaching an
average increase of about 26.45%. In twenty yedarg] energy consumption could be as
much as 393.6 mtoe. If this remains true, wind gyewxill have a 14% share of the
amount of total energy consumed. This represeneralarge jump from its tenth of a

percent before and is independent of any policypast
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Recommendations for Future Research

Future IQPs in this topical area would do well xamine in detail how solar and
wind energy are progressing at a technical levethase are varying statistics for the
efficiency and costs associated with each. In paldr there are several cutting edge
advances in solar cell design such as quantumtdatroject high enough efficiencies
that it may become a viable technology. We didex@mine nuclear fission or fusion as
the former was deemed too polluting to be consitléngy sustainable and the later as it
is too theoretical and distant to be incorporated energy policy decision making within
the next 20 years. Biomass is an interesting arexamine, but from our initial research
the process of growing crops to burn for energyt irribly energy efficient or cost
effective when all external factors are consider&&othermal and tidal power are
potentially beneficial for certain energy market#hwan abundance of the needed
resources, but neither is particularly prevalerthmmUS. A political power analysis of the
changing impact on global politics under variousergy situation scenarios is also

relevant for future policy planning.

Conclusion
Widespread voluntary adoption of long-term viabtergy technologies such as

wind energy is likely to occur with minimal goverent intervention as prices drive
usage and wind energy is starting to become ecarabiyicompetitive with other
sources, particularly when externalized costs aleutated. This is an interesting trend as
until recently, wind energy was not economicallyabie. As seen in Europe, it is
conceivable that with immediate and major effoe thS economy can transition from
the current unsustainable oil based economy tobased on renewable resources with
long term sustainability. While “there is no [siaplexisting technology capable of
replacing the oil we will soon be without, nor fsete any on the horizon that we can
depend on to replace the remaining fossil fuelsnminey are exhausted” it is possible
through innovative and sweeping actidh®y transitioning from the existing system to
one with an interconnected system of sustainablgostry power generation in the form

of solar, wind, with minor traditional energy foadkup to generate electricity for general
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use it is likely to be financially viable and eromimentally sound. To bring about these
innovations requires a massive social commitmentfuture research to prevent
catastrophic problems that will be insolvable ia fhort term if allowed to develop.

The current administration is failing to addresss tpressing concern in an
adequate manner given the peak global oil productiay have occurred and is expected
to occur by 2008. Reassuring statements by therastmation such as “more money is
being spent on energy efficiency research today éver before” fail to mention that the
funding is miniscule when the scope and urgenap®froblem are taken into accodht
As an additional shortcoming, the administratiofiess from a time frame issue in that it
is responding to urgent problems both too far i@ future and by using a short term
basis to its long term thinking. It is only throutte development of a system of viable
sustainable alternative energy source will the eoonbe able to insulate itself from the
peaking of oil production and ensuing supply gagh @ntinue on into the future.

By mandating phased implementation of various gnexghnologies into existing
energy portfolios and creating feed-in tariffs toagantee a fixed rate on the power
produced, widespread adoption of wind and solar guowill be vastly increased.
By providing assistance in the short term with xezong the initial investment, the
government would enable profit driven companiesotik to the long term and realize
significant savings both internally and in reduedernalized costs. With even modest
policies utilities should begin to favor the constion of a new wind farm rather than a
coal plant to handle increased consumption astivadi energy prices rise renewable
energy appears more attractive. With the modese¢mowent incentive policies outlined
in this paper, it is highly likely that sustainald@ergy systems can be implemented
before oil prices reach crippling levels.
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Appendix

Plentiful Energy

Fuel cost

<Pros> With plentiful amounts of energy,
space research and travel both for business
and pleasure will experience significant
growth. With low fuel costs the likelihood of
violent conflict due to resources disputes
will decrease significantly. Personal comfort
will increase significantly as people are able
to affordably control their living temperature
via heat and air conditioning. Overall low
fuel costs facilitate economic growth.

<Cons> When fuel costs are low there is
less incentive to conserve energy and find
new ways to generate it. Pollution may
passively increase because companies will
no longer need to worry about conserving
energy. This would lead to higher carbon
dioxide emission levels and the possibility
of an energy shortage as the growing
economy consumes increasing amounts of
resources.

Technology:

<Pros> With enough low cost energy,

portable devices and various units will be
improved at a faster rate. A major limiting

factor in the portable electronics market,
portable energy would be solved by low cost
solutions to charging portable energy
storage systems. The development of high
capacity batteries to store more energy will
occur in tandem.

Transportation:

<Pros> All forms of transportation will be
used more frequently. Travel will be
encouraged. World travel will take place
more often, which will lead to better
understanding of other countries. People will
be able to experience more unique places

Scarce Energy

Fuel cost:

<Pros> High fuel prices drive interest in
alternative energy development. Pollution
will passively decrease as fossil fuels will
likely be a rare commodity. This will also
decrease the carbon dioxide emission levels.
<Cons> Shortage or depletion of a resource
would have severe, possibly destabilizing
impact of the economy. Means of
transportation will be more expensive and
difficult to find crippling the economy.
Personal comfort will decrease drastically as
well as health as people are unable to
regulate their living conditions comfortably.

Technology:
<Cons> Many forms of research will be
differed due to lack of funds and energy.

Transportation:

<Pros> Since transportation will be
expensive, there will be an incentive for
alternative forms of transportation be it man
power or simply efficient mass transit.
Efficiency will become more important in
vehicular technology.

<Cons> Train, bus, taxi, and car fees will
all increase as a result of fuel prices, people
may not be able to afford to travel beyond
their immediate local. A significant
economic downturn may occur as people
attempt to sell personal automobiles due to
fuel costs and there are not enough
interested buyers leading to a massive equity
loss.

Space:

<Con> Any further space travel research
may not be feasible, as public interest is
only prevalent in good economic times.
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leading to overall increases in happiness as
well as economic growth due to tourism.

<Cons> All forms of transportation use will
increase. Pollution will become even more
of an issue as the most popular domestic
form of transportation, the personal
automobile generates a high amount of
pollution per person served. Cheap energy
will make the pollution issues less important
to consumers.

Space:

<Pros> More space programs will be
launched as the economic growth fuels
research. This will lead to even more

technological advances as seen in the past.

With  enough space research many
breakthroughs such as the discovery of other
habitable planets are possible.

Foreign Policy:

<Pros> With plentiful energy the
dependence on foreign nations for resources
will decrease reducing the vulnerability to
“resource blackmail’. From the United
States perspective this is a valuable policy

change as we import more energy resources
than we export.

<Cons> It is possible that with less
economic influence the Arab nations may
turn to more radical means of impacting
global politics. Reduced energy prices will
reduce the clout of resource trading on the
political sphere.

Foreign Policy:

<Pros> High amounts of profit will be made
in trading scarce energy resources. This may
lead to global partnerships for energy
distribution across political lines.

<Cons> Most likely, nations with rare
resources will further inflame the problem
by restricting the supply to artificially inflate
prices and line their own pockets. The Arab
nations will develop even more political
clout and be able to blackmail most
governments with impunity. If the shortages
of certain resources becomes severe, it is not
unlikely that war could break out for control
of the needed resources
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Renewable Energy Consumption by Major Sources - 268’
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Unlike the other energy resources, gas in the dr8tates is going down annually at
about -.3% a year. In twenty years from now it rhaylikely that the gas consumption
will be around 536.8 mtoe. If solar and wind enengnt to dominant the energy market,
this maybe an excellent area to start. With theedese in demand for gas, it is possible
for renewable energies to step in and slowly replac
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US Oil Consumptior?®
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Surprisingly, the United States average annual grasvonly 1.31% in the oil sector.
Twenty years from now the United States will bestoning roughly 1225.4 mtoe.
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Total energy consumption by the United States Ig gaing up 1.04% a year. By 2026,
the amount of consumed energy will be about 28#8emt
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