Alternative Energy Sources

Implementation of Renewable E nergy Sources inthe S tate of California

An Interactive Qualifying Project proposal to be submitted to the faculty of
Worcester Polytechnic Institute in partial fulflment of the requirements
for the Degree of Bachelor of Science

Submitted by:
Ivo Dobrev
Boris Mandadzhiev

Radoslav Petranov

Submitted to:
Project Advisors:

Prof. Brian J. Savilonis

December 13" 2007

Page | i



Abstract

The booming world economy has caused exponential population growth with energy
demand increasingly harder to satisfy. Depletion of widely used energy sources like oll
put countries and their populations at risk. Significant reduction in energy demand is
virtually impossible and the alarming environmental problems related to power

generation leave no option but to investigate new ways to produce power.

The purpose of this work is to analyze and proposemethods to substitute some of the
traditional energy sources, like coal, oil and natural gas, with new energy technologies
that are less harmful to the environment. The state of California, as a modern
community , serves as the placeto apply our ideas. Through a detailed analysis of
alternative technologies developed and currently under research promoted will be those
with the highest applicability to the state. Wind, solar and geothermal energy sources
are most feasible for California but other technologies such asocean and biomass have

also been considered

It is realistic to expect that 20,000 MW of wind energy, 11,000 MW of solar energy and
4,000 MW of geothermal energy are achievable goals for California before 2020.
Renewable energy from thesethree sources alone, totaling 35,000 MW, will roughly
produce an annual energy outoput o f 160, 000

energy consumption in 2020.
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Executive Summary

There are several major reasons why the United States should be considering alternative
sources of energy for its growing needs. One of the most compelling concerns is the
energy security of the country as a whole, considering the exponentially increasing
demand. Mostly, the increased demand is caused by the increased electrification of
society and population growth. For 2006 the Energy Information Administration EIA
estimated 1 TWe of electrical power consumption, which is a 40% increase in the past 10
years. An examination of the sources comprising this number reveals a significant
contribution coming from coal and oil power generation plants which are the foremost
producers of air pollutants. Furthermore, the grid is threatened by losing existing
capacity in the near future as a result of retirement of existing coal and nuclear power
plants (EIA, 2006). According to a report from an MIT team, in the next 15 to 20 years
it is likely that about 50 GWe or more coaktfired capacities would be lost due to
environmental concerns. Another 40 GWe nuclear capacity are estimated to be lost from

expiring nucledl) plantsd |icenses

The focus of this work is to analyze and propose methods to substitute some of the
traditional energy sources, like coal, oil and natural gas, with new i harmless to the
environment energy technologies. The state of California, as a modern community,
serves as the place to apply ourideas. Through a detailed analysis of alternative
technologies developed and currently under research we will promote those with highest
applicability to the state. Wind, solar and geothermal energy sources are most feasible
for California but other tech nologies such as ocean and biomass have also been

considered.
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li is realistic to expect that 20,000 MW of wind energy, 11,000 MW of solar energy and
4,000 MW of geothermal energy are achievable goals for California before 2020.
Renewable energy from thesethree sources alone, totaling 35,000 MW, will roughly
produce an annual energy outoput of 160, 000 G

energy consumption in 2020.
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Introduction

There are several major reasonswhy the United States should be considering alternative
sources of energy for its growing needs. One of the most compelling concerns is the
energy security of the country as a whole, considering the exponentially increasing
demand. Mostly, the increased demand is caused by the increased electrification of
society and population growth. For 2006 the Energy Information Administration EIA
estimated 1 TWe of electrical power consumption, which is a 40% increase in the past 10
years. An examination of the sources comprising this number reveals a significant
contribution coming from coal and oil power generation plants which are the foremost
producers of air pollutants. Furthermore, the grid is threatened by losing existing
capacity in the near future as a resut of retirement of existing coal and nuclear power
plants (EIA, 2006). According to a report from an MIT team, in the next 15 to 20 years
it is likely that about 50 GWe or more coal-fired capacities would be lost due to
environmental concerns. Another 40 GWe nuclear capacity are estimated to be lost from

expiring nucledl) plantsd |icenses

Through current technologies the options for covering the anticipated energy demands
are well known: coal-fired thermal, nuclear, combi ned-cycle gascombustion turbines,
and alternative energy sources. There are several concerns regarding the traditional
energy sources. To begin with, the ever increasing energy demand will lead to an
increase in imported natural gas and oil which in turn implies dependency on external

factors: The higher the I mports the | ess
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An alternative possibility for power capacity expansion is hydropower generation which
is a very clean and powerful energy source, but is growth has been impaired
significantly by reductions result ing from environmental concerns. In the U.S. several
choices stand out as most viable: Slar, wind energy, and geothermal powers. The above
three have been selectedfor their current technology status, economical and political
standing, and availability. Other alternative energy sources have alsobeen considered
and consist of ocean energy, biomass and other innovative technologies. Even though
solar, wind and geothermal energies have enormous potential, there are many concerns
and issues that need to be addressedOne of the main issues is he discontinuous output
(solar depends on solar exposure, wind depends on the presence of moving air masses)
which immediately introduces the need for mega-sized energy storage or backup energy
systems in order to provide a 24-hour supply to the grid. These have proven to be very
hard to site and costly to deploy. Biomass can also be used as a renewable fuel for
electricity production using existing heat -to-power technologies, but the demand for
biomass as a source for biofuels for transportation may be much higher in the near
future than anticipated (1). Although, these problems are not part of the geothermal
production, present technology needs to undergo a swift development to beconsidered

as competitive to other technologies.

Considering the state of California we may predict the achievable energy capacities
using any of the technologies mentioned above. From our investigation of the
availability of green energy sources we have promoted the generdon of electrical
energy from solar, wind and geothermal sources as most feasible and applicable to the

current and future outlook of the state. An in -depth investigation of the availability in
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the state and the readiness of the state to accommodate them will show that energy from
solar and wind technologies are favored more than geothermal. However, the
advantages and issues are mixed in a complex interaction. When, wid and solar
technologies are becoming more and more cost competitive the reliance of the grid on
such technology is compromised resulting in the intermittence and unpredictability of

the sources. At the same time little attention ahs been shown to geothermal which in

fact reveals an enormous potential in possible capacities. With appropriate subsides for
research and development and government assistance and with its advantageus small
footprint and predictable continuous potential this is one of the possib le future energy
solutions Also very concerning is the issueof peak capacities as willbe considered later

in th e paper.

As a result of development and new government and state support these relatively new
to the commercial sector energy sources are favored by many industries and more
attention is being paid by energy generation companies. Trends show a lowering capital
and operating cost, which narrows the gap between green energy and thebecoming less

easily attainable sources like oil and natural gas.

As a result of our analysis of the possibility of implementing new capacities as close to
the estimated energy availability in the state of California, we present an estimate of
how much renewable green energy resources can be substituted for harmful energy
technologies. The figures presented include no learning curve adjustments, heavily
relying on past and current data as well as future state goals and politics. Companies

like Google can change the way any prediction or estimate is made. After they
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announced their intents to fund alternative energies to such a massive extent the future

of all green energy for our society may be even clser than it seems.

An in depth investigation of the current and future technology development will help us
identify the economic feasibility of reducing the green house emissions to more
manageable values. The state of California was chosen since the ate represents a very
well developed social, economic and technological structure, serving as a good basis for
analysis of the contemporary state of environmental awareness. An analysis of the most
advanced renewable energy technologies is conducted to dermine the economical
feasibility and future impact of the suggested renewable energies. It is imperative that
one realizes the variable nature of the tentative predictions and estimates of these
technologies since they are not fully developed commercially but rather are undergoing
continuous research and development. The paper reviews each energy source to create a
better understanding of the pros and cons associated with their technological

implementation and market feasibility.
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Solar Energy

Solar P hotovoltaics

Overview

Photovoltaics (PV) or solar cells are devices that cmvert sunlight directly into electricity.
The semi conducting materials that they are made of have the ability to absorb sunlight
and directly convert it to electricity through the photoelectric effect. Even though the
conversion from light to electricity is rather complicated, it can be generally explained
by the fact that the absorbed sunlight excites electrons in the atoms of the PV material,

thus giving electrons enough energy © separate from the nuclei field. Once away from

t he at omods i nfluence t he el ectrons become fr

flowing through the PVO0s materi al and

consummator. This process may seem quite diect with no loss of energy, but the
current PV cells on the market have relatively low efficiency and high price. However PV
cells have many advantages over other energy gaining technologies that make them

economically or technically preferable.

The typical materials for PV cells are the same as used in semiconductor technologies,
so that there is already a well developed industry for creation of these materials and

manufacturing PV cell structures.

Solar cells can be easily arranged in modules of suithle size, a typical module consists

of 40 cells. Using several such units of PV cells, arrays of all sizes can be formed.

Approximately 10 to 20 arrays each consisting of 10 modules will produce sufficient

power to support an av e rdaigaourd ddkwrddayo Fod anys
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industrial sized application, unlimited number of arrays can interconnected. This
modul arity or ALEGOO | i ke capability of the
power requirements of any magnitude. However the main advantage of the PV solar

cells is that the cells themselves require no maintenance. In the long run this technology

ends up being more economically plausible in areas where very low maintenance costs is

of greater concern than efficiency i remote areas with poor infrastructure.

One of the reasons for the low efficiency of the PV cells is that only sunlight with certain
wavelengths will be transformed into electricity. The remaining solar power will be
reflected or absorbed by the material, so that typical commercial cells have 15%
efficiency. However there is a significant amount of research being conducted to reduce
the cost of the PV cells and increase the efficiency; most advanced laboratory specimens
have reached efficiencies of 35% and more. The facthat the first PV cells in 1950s had

only 4% efficiency is a good indicator of progress in the development of the PV cells.

The following are two general types of PV cell technologies and their advantages and

disadvantages(2).
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General PV cell types

Thin Film Technology

Light Generates
Electron and Hole

Reflected Absorbad
Light Light .
afIx—*Ietﬂll Grid (-)
/
Ag—
n-Type —__ |
- pr© External
| : o’ 4 '7‘: Load
_T bs . _.-"--. fﬂ::::::::::::::::::::: e mj—
p-Type /;5 CN e @

Metal Backing (+)
Figure 17 Photovoltaic cell

This type of solar cell consists of two layers of semiconductor material covered with a
transparent intrinsic layer. The sunlight enters trough the intrinsic layer, generating free

moving electrons. The electric field through the intrinsic layer generated by the n and p
type semiconductor layers moves the electrons to the ntype layer and the resulting
positive particles goes into the p-type layer. This movement of charges creates current
which is directed by the wires to the external load (seeFigure 1). The total thickness of
the structure is in the order of one micron. Because of its structure and dimensions, this
type of PV cell can be easily applied to different building materials such as glass, roofing

and siding materials. One type of thin-film materi al is transparent, which makes it
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possible for even the windows themselves to be covered with PV cells. The thiafilm

technology requires less semiconductor material than other PV cell types, and it is easy
to manufacture which makes it cost less than the other types of solar cells. A general
drawback of the technology is that it has lower efficiency; however, the rest of its

qualities make it suitable for mass production (3).

Concentrating collectors

Incident Light

Prismatic Cover

A e

fffr ""l ﬂ'fr "1"*“ I

S A e E i D i P i o I._'
I + + + 4+ + + + + + + + o
[+ + + 4+ 4+ + + + + + 4 n-Type Silicon
I+ + + 4+ + + + + + +
I+ + + + + + + + + + + -
e+ + + + + + + + + + ™= Type Silicon
l+ 4+ 4+ + + + 4+ + + + + 4

Photovoltaic Cell ™~ Metal Contact (+)

Figure 21 Con centrating Collectors in detalil

The concentrating solar cells have the same electrical conversion mechanism as the rest
of the PV cells with except that the semiconductor material does not cover the full
surface of the cell but only 20% of it. In order to be compensated for this reduced work
area, each solar cell is covered with lenslike structures which take the light from the full
area of the cell and concentrate it on the area were there is semiconductor material. In
this way much less material is used. However, this light concentration creates local high

temperature areas on the PV cell, thus cooling via heat sink or other method is required.
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Another disadvantage is that the lens system works well only with direct sunlight. Thus

it is less effective in areas with a cloudy or hazy weather (3).

Solar Thermal systems

Concentrating solar systems

There are three kinds of concentrating solar power systems troughs, dish/engines, and

power towersd all classified based upon the technology, used to collect sun light energy.

Figure 371 Concentrating solar array
This solar thermal power plant located in the Mojave Desert in Kramer Junction,
California, is one of nine such plants built in the 1980s. During operation, oil in the
receiver tubes collects the concentrated solar energy as heat and is pumped to a power

block (in background) for generating electricity (4).
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Figure 4171 Solar dish -engine
This solar dish-engine system is an electric generator that "burns" sunlight instead of
gas or coal to produce electricity. The dish, a concentrator, is the primary solar
component of the system, collecting the energy coming directly from the sun and
concentrating it on a small area. A thermal receiver absorbs the concentrated beam of

solar energy, converts it to heat, and transfers the heat to the engine/generator.

Figure 57 Solarp ower tower system

Solar power tower systems use numerous mirrors that all together reflect the incoming
sunlight in to a single point i the top of the tower, from where via a fluid the heat is

taken to a steam-powered electricity generator.

Page | 19



Through systems  (5)

Through systems consist of parabolic reflectors, which capture the incoming light and
concentrate it on a pipe full of oil circulating in the system. After the oil goes through the
system it is being pumped in to a conventional steam generator which powers an electric
generator. When aligned properly, systems of those single axis systems can track the sun

during its movement.

The major advantage of this system is that it is easily integrated into already existing
coal power plants. Most of the current through systems are hybrids; in the times of the
day with insufficient sun radiation, the steam electric generator will keep running on
natural gas or other fuels. Vice versa, if there is excessive power production, part of the
heat will be transferred to heat storage systemi large thermally isolated tank full of
molten salt. Such tanks can hold enough heat energy to support the power production
for a couple of hours after sun set. One of the disadvantages of the trough systems is that
they require more maintenance that the rest of the solar systems. However, a single
plant is capable of large power production i current systems produce 80MW, which
makes it compatible with the gas and coal power plants currently operating in the

general power grid.

Power tower systems  (5)

Similar to through systems, solar power tower systems concentrate light to heat up a
fluid. However, in this case, a vast field of mirrors reflects the incoming sun radiation
into a single point on the top of a tower where there is a heat exchanger that absorbs the
heat, and the heat energy is delivered to a steam powered electric generatowia transfer

fluid . Most current designs utilize molten nitr ate salt as an energy carrier because it has
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very good heat transfer and energy storage capabilities. Using the same energy storage
technology implemented in the through systems, the solar power tower systems can
sustain their energy production for several hours after sunset. Because of the fluid used
in the storage system, the power tower is capable of storing much more energy. In one
experiment such a solar power system managed to deliver 24h of continuous power to
the grid for 7 days in a row. This type of solar power plant generates energy at the lowest
cost of all solar power technologies. The cheapest electricity from all solar power plants
and its easy implementation on a large scalei between 50 and 200MW, makes it

suitable for usage in the general dectric grid.

Dish/Engine solar systems (5)

m— A solar dish system resembles the solar tower
= /, technology in its way of power production. It has
- I

,H ,*@ concentrator surface which reflects the incoming solar
ﬁ‘m @ ‘&ﬂ radiation back to a converter that produces electrical
energy out of the incoming solar energy. This

Figure 6 - 25 kW Dish-Stirling System  converter combines a thermal receiver, heat engine
is operating at a Salt River Project site

in Phoenix, AZ. .
and electric generator.

The heat receiver transfers the incoming solar energy into thermal energy and transfers
it to the heat engine, which in turn powers the electric generator. The fact that this
whole system is combined in a single unit makes the dish/engine system very versatile

and an independent system. The system can be further simplified by using
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concentrating PV solar cells, so that the solar energy is directly converted into electric

energy. This makes the system nearly maintenance free.

The system produces much lower power than its thermal solar counterparts i between
10 and 25kW. Because of their high efficiency and their construction that is suitable for
all areas, the dish engine system is expected to be economically plausible, even
competing with existing power sources. The system is particularly appropriate for areas

where there is a lack of fossil fuel supplies but there are plenty of solar sources.

Passive solar heating and cooling (6)

Passive solar heating and cooling is the concept of using specific architectural
techniques to accommodateincoming solar radiation depending on the season. Using
such techniques the energy needs of a house can be greatly reduced. The increased
initial cost of a house that utilizes such techniques is quickly surpassed by the energy
savings generated during its typical lifetime. The following are architectural methods for

passive heating and cooling of a building.

Passive solar techniques for heating

Direct gain

For this technique, the sunlight passes through south oriented windows and heats the
interior surface s of the living area like wall, furniture, etc. In order for this architectural
method to be effective, the south-facing windows™ dimensions have to be designed in
accordance with the climate, the type of the windows and the quantity of the thermal

mass.
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Figure 7 - Direct Gain

Indirect gain
This design uses a sunspace or a Trombe wall that collects heat from the sun and uses
the air in the building to dissipate the heat throughout the building. The transfer is done

by natural convection of the air or forced convection is created using fans.

Thermal mass

A thermal mass is a material that can easily absorb and store heat. Different masonry
materials like concrete, brick and tile can be used for this purpose. Their efficiency can
be increased by using dark colors for their surface and locating them under direct

sunlight.

Passive solar techniques for cooling

One of the simplest passive cooling technologies is an overhang for the southfacing
windows. This combined with fewer window s on the west, trees near the building, cross
ventilation and thermal mass can greatly reduce the need for air-conditioning at homes.
The same strategies that keep the home warm in the winter protect it from the raging

heat in the summer. If the overhang is well designed, it will let the winter solar rays to
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heat up the interior of the house; however, it will block the summer rays that are

incoming at higher angles that the winter ones.

Figure 8 - Passive solar cooling techniques

Solar water heating  (7)

Flat-Plate Collector

Glazing frame
. e "..}:H lazing
Inlet conmection -___:__f_:.'-"' ""‘H_H Chutlet
-___.______.-' th connection
-’:-:-;Pd "H-\,_:f::“'&
= e e
T . S H":‘M e .
[: - “&% e, >

Ellrlmm:\"‘x_\ -H““:‘ Q‘l*—a \_‘} e
Flow s =

Absarbar plate

Insulation S

Figure 9 - Solar water heating
Solar water heaters employ the sun energy to directly heat water or a heat transfer fluid
which in turns heats up the interior of the house. The heated fluid is stored in a tank so
that it can be utilized at any time. Solar water heating technology is one of the least
expensive renewable sources for buildings. On average such systems can reduce the

residential hot water heating energy expenses by twoathirds. The general water-heating
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system consists of a solar collector and a storage tank. The systems canebeither active
or passive. Active systems use electric pumps to circulate the fluid in the system while
passive systems rely on the natural convection of the fluid. There many different
varieties of this technology available on the market and each type issuitable for different

climates.

Overview of solar energy i availability, market, trends

Geographical availability

One of the biggest advantages of solar power is that there is plenty of incoming solar
radiation. Roughly the power requirements of the USA can be supported by solar energy

by covering around 10% of Nevada with parabolic through systems(5).

Figure 10 shows the solar radiation distribution throughout the USA. It can be seen
clearly that the south-western states have the biggest potential for the development of
solar power plants. The average solar radiation for USA is around 2.53 KWh/day/m”2,

and for the sunniest parts this average reaches values above 6.5 KWh/day/m”"2(8).
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Figure 107 Annual Solar Fall ~ (5)

Business and market opportunities

The solar energy industry is one of the fastest growing sectors in the world. Numerous
project sites are working on the advancement or implementation of solar power
technology. There is already a lot of experience gathered from such project sites around

the world e.g. Greece, Spain, Egypt, and Morocco.

One of the most important features of existing solar power technologies is that their

structure is very close to that of the already existing power generation network. For
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example, the concentrating solar power systems consist of many technologies and
components already in on the market that have been used by the conventional power

plants. This creates the opportunity for gradual transition between the current power
sources to solar poweol asi oppoye@dt ¢eohnhdleodgires
the other alternative green sources; hence costs for integration of the solar power plants

to the existing power grid will be lower.

Present and future costs

Compared to other alternative technologies, solar power technologies have some of the
highest capital investment costs for building a power plants and its infrastructure.
However conventional power sources rely on governmental subsidies and incentives as
well as paying very low taxes for pollution control. Also, solar technologies have one of
the lowest maintenance costs of all the power technologies currently available on the
market. In situations where there is very limited maintenance capability available and
there is poor infrastructure in the area of t he power plant i the solar technologies
become the only economically possible solution. Currently the concentrating solar
power (CSP) technologies have one of the lowest energy production costs of all the solar
technologies 1 around 12-14 cents/KWh. Those technologies allow for scaling of the
power plant which can further reduce the cost of the produced electricity. Different
studies show that by 2020, by mass usage of solar power plants and governmental help,
the cost can be decreased to the range of 3.6cents/KWh. This combined with
currently developed solar hybrid systems shows a bright future for the solar

technologies and the CSP technologies in particular.
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Overview of the Solar Energy Sources (9)

Table 1 highlights the key features of the three solar technologies. Towers and troughs
are best suited for large, grid-connected power projects in the 30-200 MW size,
whereas, dish/engine systems are modular and can be used in single dish applications
or grouped in dish farms to create larger multi-megawatt projects. Parabolic trough
technology is the most mature solar power available today and the technology most
likely to be used for near-term deployments. Power towers, with low cost and efficient
thermal storage, promise to offer high capacity factor, solar-only power plants in the
near future. The modular nature of dishes will allow them to be used in smaller, high -
value applications. Towers and dishes offer the opportunity to achieve higher solar-to-
electric efficiencies and lower cost than parabolic trough plants, but uncertainty remains
as to whether these technologies can achieve the necessary capital cost reductions and
availability improvements. Parabolic troughs are currently a proven technology waiting
for an opportunity to be developed. Power towers require that molten -salt technology to

be demonstrated and low cost heliostats developed. Dish/engine systems require the
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development of at least one commercial engine and the development of a low cost

concentrator (10).

Parabolic Power Tower Dish/Engine PV
Trough
Size 30-300MW 10-200 MW 5-25kw Up to 6.2MW
Annual 23-50% 20-77% 25% 20%
Capacity
Factor
Peak Efficiency | 20% 23% 30% 20%
Net Annual 1:16% 7-20% 12-25% 8-15%
Efficiency
Commercial Commercially Demonstration Demonstration | Commercially
status Available Available
Storage Limited Yes Battery Battery
Available
Hybrid Designs | Yes Yes Yes Yes
Capital cost 2900- 3200$/KW 8500$/KW 8-12000$/KW
4200$/KW
Cost 12-14 1724 18-20 20-50
(cents/KWh)

Table 1- Comparison between different technologies

(11)
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Biomass

Biomass refers to all biological materials which can be used as fuel. Biomass is
developed from a variety of plants including switchgrass, hemp, corn, sugarcane and
others. The decision which particular plant to use does not usually reflect in the final
product but it affects the processing of the raw material. Biomass is a renewable but not
a green energy source. Although plants can always be grown and fuel can constantly be
produced, emissions resulting from burning biomass fuel still contribute to global

warming.

Ethanol

Ethanol Technologies

Ethanol is one of the most common examples of biomass fuels. Essentially non
drinkable grain alcohol, ethanol is produced by fermenting plant sugars. It can be

produced from corn, sugar cane, and other starch agricultural products.

While pure ethanol is rarely used for transportation fuel, there are several ethanol-
gasoline blends that are in use today. E85 is a blend of 85% ethanol and 15% gasoline.
Since such blends may be difficult to ignite at low temperatures, higher percentages of

gasoline should beused during the winter to ensure that vehicles will be able to start.

Ethanol cannot be used in conventional gasoline engines. Vehicles must be specially
designed to run on it. The only such vehicles available in the U.S. are FFVs (Flex Fuel

Vehicles). Their name comes from their ability to run on E85, gasoline or any blend of

Page | 30



the two. Much like diesel, E85 is available at specially marked fueling pumps and more

than 700 stations nationwide offer it.

One of the ways in which the government is encouraging people to buy FFVs is to
subsidize their price to be equivalent to that of gasoline vehicles. A shortcoming of using
E85, however, isthat the fuel economy and milleage range are both reduced by 20i 30
percent. In other words an FFV would travel fewer mil es on a tank of E85 than on a tank

of gasoline. This is caused by the fact that ethanol contains less energy than gasoline.

Since ethanol has the potential to replace gasoline from imported oil, producing this
biofuel is a constantly growing industry. The U. S. i's the worl dos gr
producer and most of the ethanol in the country is produced from corn grown by
American farmers. The reason why corn is used so massively in making ethanol is that it
provides important reductions in greenhouse gas emissions. When made from corn, E85
reduces greenhouse gas emissions by @0% as compared to gasoline. These numbers
were <calcul ated iU Daparsnent of \energys Argdnree Nétional
Labor atl8)rapdothey are claimed to take into account both production and
consumption of ethanol and gasoline. The truth, however, is that the scientific world has
not come to a consensus. There are many studies that show that the use of ethanol
reduces greenhouse ga emissions and just as many claiming that this is not true. The
one thing we know for sure, though, is that ethanol is a renewable energy source and

gasoline is not.
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Ethanol Economics

There are many factors that play a role in the cost/price analysis of ethanol. These
include cost of growing the plants, cost of collecting them and cost of producing ethanol.

Figure 12 shows how the price of ethanol has varied throughout the years.

Fuel Ethanol Terminal Market Price - 10 Year History
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Figure 12 - Fuel ethanol Terminal Market Price  (13)

Although the graph shows prices in very different geographical regions, the values are
more or less the same, following the trend at the particular point in time. Michael B.
McElroy is a Harvard professor of environmental studies; his paper gives a realistic view

about ethanol and its competitive qualities in terms of price.
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AThe wholesale price of gasoline in the
about $2.20 a gallon (with retail prices closer to $3.00 a gallon). For  ethanol to be
competitive economically, it would have to sell for less than $1.50 a gallon. Yet by May
2006, the wholesale price of ethanol had risen to $2.65 a gallon (or in reality $3.16 a
gallon, if you allow for the subsidy of 51 cents a gallon author ized by Congress in 2004
to encourage production). The wholesale price of ethanol in corn -producing states such
as lllinois was $3.10 a gallon in July 2006; in California, it had increased to $4.00 a
gallon. Allowing for the subsidy and the lower energy va lue of ethanol, this meant that
motorists in California were paying more than $6.00 for enough ethanol to obtain the

energy equivalent ofll4a gall on of gasoline! o

Biodiesel Technologies

Biodiesel is a renewable fuel producedfrom agricultural resources such as vegetable oil
and similarly to ethanol is not a green source of energy. Biodiesel can be made from

soybean oil, canola oil, recycled cooking oils and animal fats.

To make biodiesel, the base o0il i's put to
method uses ethanol or methanol and some catalyst to convert the oil into biodiesel.
Similarly to ethanol, biodiesel is available in many blends. B100 is its pure form, B5 is

5% biodiesel and 95% diesel and B20 is 20% biodiesel and 80% diesel. The greatest
advantage of biodiesel is the fact that any vehicle running on diesel can run on biodiesel

as well. The gap in performance between both types of fuel is not thatbig either.
Biodiesel causes a small decrease in fuel economy of about 5% but at the same time its
higher cetane number is responsible for better engine performance and lubrication.

Similarly to FFVs, vehicles running on biodiesel may have problems starting at very low
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temperatures but this mainly applies to those running on B100. This issue can be
resolved by using B5 or B20, by storing the vehicle in a building or by using engine block

or fuel filter heaters.

The number of vehicles using biodiesel blendsincreases every year. 25 million gallons of
B100 were sold in 2004 and a year later this number tripled. Today, approximately 600
fleets nationwide use different biodiesel blends that are available at approximately 800

locations nationwide.

Biodieselisthe best greenhouse gas mitigation strat
duty vehicles. A biodiesel lifecycle study, jointly sponsored by the U.S. Department of

Energy and the U.S. Department of Agriculture, concluded biodiesel reduces net carbon

dioxide emissions by 78 percent compared to petroleum diesel (15). It is important to

note, however, that even though the carbon dioxide emissions of biodiesel are lower

than those of petrodiesel, a significant amount of emissions occur from machinery used

during the process of growing and harvesting the plants needed for biodiesel

production. In fact many scientists believe that these CO2 emissions completely offset

the benefits from biodiesel.

Biodiesel Economics  (16)

There are 3 main factors that the price of biodiesel depends on: geographic area, base
material used (corn, soybeans, etc) and supplier.Figure 13 shows the production cost of

biodiesel depending on the base material.
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Marketing Soybean Yellow

Year Qil Grease Petroleum
2004/05 254 141 0.67
2005/06 2.49 1.39 0.78
2006/07 2.47 1.38 0.77
2007/08 2.44 1.37 0.78
2008/09 2.52 140 0.78
2009/10 2.57 142 0.75
2010/1 2.67 147 0.76
201112 2.73 1.51 0.76
201213 2.80 1.55 0.75

Notes: The soybean oil marketing year is October 1 to Sep-
tember 30. Petroleum diesel cost is for the calendar year
encompassing the last 9 months of the soybean oil marketing
year. Cost is assumed to be the price at the refinery gate in
Petroleum Administration for Defense District 3 (PADD 3; U.S.
Gulf Coast) for low-sulfur diesel in 2005 and for ultra-low-sulfur
diesel in 2006-2013. Biodiesel costs are for total output of 80
million gallons per year or less and do not include distribution
or applicable taxes.

Source: Energy Information Administration, Office of Inte-
grated Analysis and Forecasting. Petroleum diesel cost from
National Energy Modeling System run AEC2004.D101703E.

Figure 13 - Projected production costs for diesel fuel by feedstock, 2004 -1013 (2002 dollars
per gallon)

For our project we will use information about B99 instead of B100 because using B99
allows for a blending tax reduction that can redu ce the price of biodiesel up to $0.99 per
gallon. As of 06/2005 the retail price varies from $3.15 to $3.40 per gallon for B99. The
data below summarizes the findings regarding biodiesel prices that we came up with in

this section.

Production cost of biodiesel for 2007 - 2008: $2.44 / $1.37 per gallon

Retail price of biodiesel as of January 2007: $3.28 per gallon (average)

Production cost of petroleum diesel for 2007 i 2008: $0.78 per gallon

Retail price of petroleum diesel as of 04/30/2007: $2.81 per gallon (average)
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Wind Energy

For the past 30 years wind energy has been the subject of extensive research. People
have developed a variety of wind mills with blade diameter ranging from 7 feet to 413
feet. Small scale wind energy gathering systems (a.k.a. smallwind) are defined as
systems with capacity of 100 kW or less. They are usually used to supply homes,
businesses and farms. Large scale systems have wind generating units with output of
more than 100kW. They are used in forming wind farms that are usually connected to

the national electrical grid or used to support rural settlements, villages and towns.

There are two main factors that constitute the process of wind energy gathering:

technology and location.

Technology

Each new generation of wind turbines becomes more and more efficient; it is able to
gather more energy from the same wind force. The higher the blades are from the
ground the stronger the wind is and therefore the more energy is gathered. Because of
turbulence 35-50 foot tall towers may give 400 Watt electrical output whereas towers

with 80 -120 foot height may give 10kW output.

Location

It is essential to place the units in a region where the average wind speed power would
be enough to spin the blades. Each wind turbine has a minimum wind speed threshold
that has to be necessarily reached in order for it to begin gathering energy. As a geeral

rule of thumb, wind resources with average speed of 11 mph are required for grid
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connected appliances whereas 79 mph would be sufficient for battery charging or

pumping water (i.e. applications that do not require electrical grid connection).

One way to evaluate the wind resource at a certain region is to measure the wind power
density at that particular area. This unit measures how much energy is available for

conversion by a wind turbine. Table 2 shows the different wind classes and their

characteristics.
Classes of Wind Power Density at 10 m and 50 m @
Height 10 m (33 ft) 50 m (164 ft)
Wind Wind Speed ®) Wind Speed ®)
Power Power m/s (mph) Power m/s (mph)
Class  pensity Density
(W/m 2) (W/m 2)
1 <100 <4.4 (9.8) <200 <5.6 (12.5)
2 100-150 4.4(9.8)/5.1 (11.5) 200 - 300 5.6 (12.5)/6.4 (14.3)

3 150-200 5.1(11.5)/5.6(12.5) 300 -400 6.4 (14.3)/7.0 (15.7)
477200 - 250 5.6 (12.5)/6.0 (13.4) 400 -500 7.0 (15.7)/7.5 (16.8)
5 250-300 6.0 (13.4)/6.4(143) 500-600 7.5(16.8)/8.0 (17.9)
300 - 400 6.4 (14.3)/7.0 (15.7) 600 - 800 8.0 (17.9)/8.8 (19.7)

>400 >7.0 (15.7) >800 >8.8 (19.7)

(a) Vertical extrapolation of wind speed based on the 1/7 power law
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(b) Mean wind speed is based on the Rayleigh speed distribution of equivalent
wind power density. Wind speed is for standard sealevel conditions. To maintain
the same power density, speed increases 3%/1000 m (5%/5000 ft) of elevation.
(from the Battelle Wind Energy Resource Atlas)

Table 271 Classes of Wind Power Density a7

While small scale wind turbines can be run at any wind power class, it is generally
accepted that large scale turbines need a windpower class of 4 at least to make the
energy gathering efficient.

Distribution in the United States

Figure 14 showswhat the wind distribution in the US looks like.

Figure 1471 US Wind Resources (18)

The regions with the highest wind power levels are in the central and western states. For
the most part, states in the south-east have wind resources of class 1 that make them
unattractive for wi nd eneAdgys hdbewse [tohpemeu r. r eAnpt

development in wind energy gathering in all of the states.
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Wind Energy Economics

Home wind systems and industrial wind systems are entirely disparate and this makes
their cost analysis quite different. To show what factors play an important role in
evaluating wind energy, we will first go through some of the numbers and calculations
that are essential in evaluating home systems. The cost of a wind system has two
components: initial cost and operation expenses. The initial installation cost includes
the purchase price of the complete system (including tower, wiring, utility
interconnection or battery storage equipment, power conditioning unit, etc.) plus
delivery and installation charges, professional fees and sales tax. In general, the total
installation cost can be estimated as a funct
capacity. Residential scale systems (410 kW) usually cost between $2,500 and $3,000
per installed kilowatt. Medium -sized commercial systems (10100 kW) cost between
$1,500 and $2,500 per kilowatt and large -scale systems (100 kW or above) cost around
$1,000 to $2,000 per installed kilowatt. Noticeably, the larger the unit and the more
power generating capacity it has the lower the installation cost. In general, cost

decreases as more units are installed at a location(19)

Two of the ways to evaluate a wind system is to calculate the payback period and to

estimate the cost per kWh. The formulas to make these calculations are:

Annual Cost = (Initial Cost/Expected Life) + Annual Operating Costs

Cost Per kWh = Annual Cost/Annual Energy Output
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Initial Cost

Total initial cost of a wind system includes the price of the system, and the cost of
installation. These may include, but are not limited to: turbine, tower, inverter, tower
wiring kit, rebar, concrete, wire, conduit, permits, excavatio n, freight, PUD connection

fee, crane, compactor, labor, etc.

Expected Life
Small-scale wind turbine manufacturers estimate a useful life of between 20 and 30
years for their product; or an average and assume a 25 year estimate of useful life.

Annual Oper ating Costs

Operating costs include maintenance and service, insurance and any applicable taxes.
An estimate for annual operating expenses is 2% to 3% of the initial s/stem cost.
Another estimate is to multiply the wind system's energy output by a typical operations

and maintenance cost, such as 1 cent per kWh.
Annual Energy Output

Manufacturers will use a power curve specific for the given turbine and then account for
the average wind speed at the site and the height of the tower. For a very rough estimge

of annual energy output we can use the formula:

Annual Energy Output (kWh/year) = 0.01328 * Rotor diameter (feet) * Annual average

wind speed at the particular site (mph)
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Ocean and Geothermal Energy Sources

Ocean Energy

The first patent certificate on wave energy conversion was issued as early as 1799; the
intensive research and development study of wave energy conversion began after the
dramatic increase in oil prices in 1973. In the last 5 years, nascent wave energy
companies have been highly involved in the development of new wave energy schemes

such as the Wave Dragon, the Seawave Sle€one Converter and the AquaBuOY.

The energy stored in the oceanshides an enormous potential. As shown in a report by
the Internatio nal Energy Agency (20) there is five different ways of harvesting the
energy of the ocean in either producing electricity or fresh water: Tides, Waves, Tidesi
Marine Current, Thermal Gradient and Salinity gradient. It is estimated that the current
global electricity production is about 17 400 TWH, meaning that any feasible energy
source must produce a significant amount of power output to be considered comparable
with the current technologies. Ocean energy has a great potentiaj the energy stored in
the oceans comes from the sun and tke water absorbsthe sunds energy at
rates. Incoming solar radiation is about 100 W/m”2. The highest absorption rates are
found in places with higher wind velocities which occur at latitudes 30 7 60 degrees.
Also the energy stored in waves is comained very well since waves are capable of
retaining almost all of their energy for thousands of miles , making them more available

for harvesting. As stated in a Technology White Paper on Wave Energy Potential on the
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U.S. Outer Continental Shelf (20) from May 2006 i the average total annual wave

energy off the US coast at 60 m. depth has been estimated to be about 2,100 TWh.

Unfortunately, even though there has been extensive research and developmenton
alternative energy sources and in particular , i ocean energy the current state of the
technologiesis not competitive with existing methods of energy production. The unclear
future of development dilutes the set of goals people should be focusing on andoushes

the deadlines further into the future.

The major barriers and limitations to ocean energy development arise from the
insufficient number of countries which support national research and development,
market deployment and market-based energy policies. The lack of licensing and
permitting processes for projects, as well asthe lack of experience from full-scale sea
trials on performance and environmental impacts is another contributing part of the

obstacles of ocean energy development.

Available Technology

Wave Energy

The global wave power resource of deep water (considered more than 100 m) is
estimated to be 110 TW by Panicker, 1976. The economically exploitable resources vary
though. Current designs reach powers of 140750 TWh/yr (Wavenet, 2003) but might
reach 2,000 Twh/yr (Thrope, 1999), if the potential improvements to existing
technologies are realized.From IEA the current electricity consumption is about 15,400
Twh/y meaning that wave energy can deliver up to 13% of the current total U.S.

electrical demand. Significant improvements have been made in the past 20 years
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reducing the cost to 10 cE/kWh. This price might be high compared to the current
electricity cost in Europe which is approximately 4 cE/kWh but it is forecast to decrease
with further research and development. Several projects for wave energy feasibility
have been demonstrated in the US with varying price, due to the difference of wave
energy, from $.10/kWh to $0.40/kWh for Maine. These numbers are scaled to

commercial power plant levels generating about 300,000 MWh/yr.

Tidal energy conversion extracts energy from the naturally rising and falling level of the
water resulting from the interaction of the Moon and Earth. The potential range of this

energy source is about 200 TWh/yr and about 1 TW is available at comparable shallow
waters. At present 3 tidal barrages operate as commercial power plants. All together
they produce a total of 260 MW of installed capacity. The cost of these facilities takes
into account a typically high capital cost, long construction time and long payback
periods. Thus the cost of electricity is highly sensitive to the discount rate used.
However, this issue could be solved by government funding or large organizations
getting involved with tidal power generation. Having comparat ively low maintenance
cost and virtually infinite lifetime this is an energy source with great potential. The

complexity of the economics in tidal energy and the insufficient projects realized make it

extremely hard to estimates the approximate cost of electricity.

The other ocean energy technologies currently are being researched and no particular
cost analysis can be made at this time but they are very promising.
Some Data: Charts obtained from Energy Information Administration Reports.

An example of an implemented technology and Feasibility analysis is Hawaii.
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System Type

Parameter Units Wave/Wind

Wave Wind Ratio
Rated Qutput MW 50 50 1.00:1
Capacity Factor
(Delivered Electricity) - 0.402 0.173 2.32:1
Annual Output MWh/yr 175,998 75,918 2.321
Capital Cost S/kW 2,718 1,308 2.07:1
Q&M Cost cents/kWh 3.34 2.31 1.45:1
Capital Recovery Cost cents/kWh 7.28 5.69 1.28:1
Total Electricity Cost cents/kWh 10.62 8.00 1.33:1

Table 3 - A comparison of Wind Energy and WECS at Kahuku Point, Oahu

Table 4 provides a comparison of different technologies currently available.

Solar PV Wind Wave Tidal Flow
Dev Status Early Com’l Commercial Pre Com’l Pre Com’l
Energy Source Sun Sun Sun-Wind Gravity
Power Density 1 kW/m" - at 1 kW/m™ - at 25 kW/m - at San 5KW/m® “at
peak solar 12m/s (GE Francisco avg 3m/s water flow

insolation 1.5MW machine) annual power flux rating
Hourly Daily cycles - When it blows 24-7 and highly Diurnal cycles
Variability clouds variable
Predictability Poor Hours Days Centuries

Table 4 - Renewable Resource Attributes Important to Electricity Generation and Dispatch
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Geothermal Energy

Undoubtedly geothermal energy has a great potential as an electrical and thermal power

resource. It is clean (no or little pollution - see Table5), reliable (average system

availability is 95%) and homegrown, which will cause fewer energy imports and less
dependence on imported gas andoil. Heat sources can range from shallow ground to hot

water and molten rock deep und e r t he E a r, tehch shavisgu differant e
temperatures and various applications.

As the worl dds | argest p thed$ ouwputs aoykarlygagecageh e r ma |
of 15 billion k W.hrs of power. California is the state with the largest amount of
geothermal poweron-l i ne accounting for 5% of the state:q
Excluding large scale hydro, geothermal is the larges renewable energy source in the

state (20). Geothermal heat pump installations number over 600,000 units in the U.S,,

and 50,000 to 60,000 new units are installed every year.

In 1978 the U.S. Geological Survey (USGS) in its Circular 790 estimates btween 95,000

and 150,000 MWe geothermal resource base. The results are grouped in twocategories:

Identified Resources Base (excluding Parks): 23,000MWe +/- 3,400 MWe,
Undiscovered Resource Bases: 72,000127,000 MWe for depths < 3km (20).

Another aspect of geothermal generation is its clean technology. Table 5shows the

gaseous emissions levels fodifferent power generation technologies.
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Plant type Cidy 505 WO, Particulates
kg/MWh ka/ MWh ko MWH ko/MWHh

Coal-fired 94 47 1.958 1.012
Oil-fired 758 5.44 1814 MA.
Gas-fired 550 00994 1.343 0.0435
Hydrothermal - flash-steam, 27.2 0.1588 ] ]
liquid dorminated
Hydrothermal - The Geysers dry 40.3 0.00009 8 0.000458 negligible
steam field
Hydrothermal - closed-loop binary 0 ] 0 negligible
EP4 average, all LS. plants 631.4 2.734 1.343 MA.
MNA. = not availabis

Table 5 - Gaseous Emissions from various power plants (1)

Available Technology

Three types of electricity generating technologies are in use today.

Dry Steam

Dry Steam power is one of the oldestmethods in use today for generating electricity.

Hot gasespassdirectly through a turbine which converts the steam energy into electrical

power. Steam technology is widely used at the gysers in northern California which is

the worl ddés | argest

single

source of geotherm

Dry 5team Power Plant

Generator

Production
well

Load

Page | 46



Figure 15 - Dry Steam Power Plant  (21)

Flash Steam Power Plants

Flash steam power plants use hydrothermal fluids above 360 F to generate eletrical
power. The hot fluids are sprayed into a flash chamber which is held at a much lower
pressure than the working fluid, causing the fluid to vaporize extremely fast. The created

vapor is directed to a turbine which converts the energy to electrical power.

Flash Steam Power Plant

Flash )
tank Turbine Generator

Load

Production
well

Figure 16 - Flash Steam Power Plant

Binary -Cycle Power Plants

Binary-Cycle power plants use moderate fluid temperatures, which are found at most
geothermal sites. The moderately hot fluid gasses are passed througta heat exchanger.
The heat causes asecondary fluid (with al ower boi ling point) to ev
vapor which is then used to drive a turbine. Since the system is a closed loopthere are
virtually no emissions to the atmosphere and the maintenance is lower because of the
fact that no extra wear is caused to the turbines by the secondary fluid as might be in the
case if the working (Hot) fluid is channeled directly to the power generation units.
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Figure 17 - Binary -Cycle Power Plant

A different set of technologies are found to be very useful when lower temperature
ground water or rock is readily available. Generation of electrical power is inefficient
and hardly possible. However, these lower temperature wells prove to be very useful

heat source for the following uses.

Geothermal Heat Pumps (GHPSs)

Geahermal Heat Pumps or GHPsuset he r el ati vely constant
crust T 50 to 60°F (10 and 16°C). This technology consists of heat pumps, heat
exchangers and piping tothe buildings to maintain a comfortable environment.

GHPs have proven to be very beneficial using 25%50% less electricity than the
conventional heating or cooling systems available. According to the EPA (20), this
technology has the potential to reduce emissions by reducing energy consumption. It is

estimated that GHPs can reduce electrical power by 44% compared to air-source heat
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pumps and up to 72% compared to electric resistance heating. Furthermore, GHP
systems are suitabke for humidity control; they are very flexible in design and can be
used in old as wel/l as in new installations.

heating.

Direct Use of Geothermal Energy (21)

Geothermal Energy can be extracted even from lowi to moderate i temperature water -

68°F to 302°F (20°C to 150°C) to provide direct heat to residential, commercial and

industrial. In the U.S. the direct heat method is very well understood and is widespread,

mainly used to provide heat to homes and offices, commercial greenhouses, fish farms,
food processing facilities, gold mining operations, and a variety of other applications.

The direct use of heat for homes and commercial applications is very cheap ewen
compared to traditional fuels. Furthermore, direct use produces virtually no air

pollutants.

District and Space heating

This is the primary use of low-temperature direct heating in the U.S. The technology
employs district systems to distribute hydrot hermal water from one or more geothermal
wells to several individual buildings through a series of pipes. This heating system can
save consumers 30%- 50% of the cost for natural gas heating. Research daing back to
the 1980& estimates 1,277 geothermaskites within 5 miles of 373 cities in 8 states, which

clearly shows the feasibility of the idea behind this type of energy extraction.
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A

I n 1981 Californiads Energy Commi ssi onoés ge
extended financial and technical assistance b public entities to aid the development of
technol ogies for extract i(®y Avwarde arg peingf gvenm e ar t
annually to qualified projects. Table 6 provides detailed information.

Flow Rate
. Total Award . Well Fluid Used Estimated
Location Award Years Amount Facilities Served Depth{s}) Temp. (gallons per Savings/Payback
miputel
[=3 1 i
] _ Space and water heating 75.80 GPM
Indian Big Bend, 1382 1984 for 2 classrooms, a (winter) 90% savings on
Springs Siskiyou e ! $217,085 gymnasium, the kitchen, 860 ft. 123 F . . 4
School Counts 1586 da70.000 call 23-30 GPM electricity costs
chool aunty and a 70,000 gallon (summer}
swimming poal. ' !
Indian Valle Space heating for 38,000
Hosnpital anz Greenville, 1931-52, $517.400 square foot, single-story 200 8 118 F 80 GPM S0% =avings on
P Clini Plumas County 1985, 19338 ! hospital and separate clinic = {winter only) eleciricity costs
inie building.
hace eang orsenon, S0 saungs o s
Modoc High |  Alturas, 1987 5565,536 room, weightroom, and 28407 i60F U oPM o and siectricity costs;
School | Modoc County - (average) payback time 10
gymnasium. Hot water for
years
showers.
Thizs zystem iz one of the Annual customer
largest in the world, serving savings between
San over 20 large and smal > wells 255%-420%,
City of San N 1931-54, Grants: 281,285 buildings including City . ' 1500 GPM compared to natural
_ Bernardino - i - 1000 fi. 128 F
Bernardino 1986 Loans: 34,224,145 Hall, County Detention (average) gas costs
County . each
Center, San Bernardino Average customer
Sun, and the Radissicn payback is 2-3
Hotel. YEars.
40 GPM
{high schaal)
Surprise Cedarville 1952, Space and water heating 1535n0dﬂ- $50,000, based on
E:”e Modot Cour:n 1984-85, $516,454 for high school, elementary 1150 ft 128F 25 GPM 199‘,'3“;118' data
¥ ¥ 1987-85 schoal, and hospital. i (glementary
school and
hospital)
Space and water heating e - - 20% =zavings over
City of 1931-52, - for about 20 residential and 560 ft 156 F 500 GPM fuel ail; simple
) Lassen County 21,075,014 - . and and and .
Susanville 1984, 1986-88 commercial buildings in the an - - payback time
- 900 ft. 172F 300 GPM
city of Susanville. betwesn 9-11 years
Table 6 - Geothermal Direct -Use Systems funded by the Energy Comn

Program (22)
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Greenhouse and Aquaculture Facilities

It is estimated by many greenhouse operators that using geothermal energy instead of
the traditional energy sources would save them about 80% of fuel cost which equates to

a rough 5% 8% operating cost.

Industrial and Commercial Uses

The most widely spread commercial use of the direct heating isin dehydration, or the
drying, of vegetable and fruit products. Other industrial applications include food

dehydration, laundries, gold mining, milk pasteurizing, spas, and others.

U.S. Geothermal Potential

Below is a graphical representation of the distribution of accessible geothermal energy
by temperature, obtained form the U.S. Department of Energy (Energy Efficiency and

Renewable Energy)(20).

200°C

150°C

100°C

Figure 18 - Geothermal resources map of the United States
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Figure 18 above shows the estimated subterranean temperatures at a depth of 6

kil ometers. To determine the Earthdés interna
capabilities of normal well drilling, multiple data sets are synthesized. The data used for

this figure are: thermal conductivity, thickness of sedimentary rock, geothermal

gradient, heat flow, and surface temperature (20).

Clearly the highest temperatures are found in the western states.Even, astate that may
not have large areas with high temperatures at low depths, the amount of energy can
still provide a sizeable chunk of theelectrical power supplied to the grid.

Figures 19 through 21 show temperatures vs. depth for the entire U.S. The increase in

temperature with depth suggest higher drilling costs and associated higher capital costs.

Figure 19 - Temperatures at 3.5 km
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Figure 21 - Temperature at 10 km

Cost Analysis

Although geothermal energy has proven to be an incredible and effective power
generation method it must continue to be developed to maintain its cost-
competitiveness to the other available power generation techniques. The U.S.
Department of Energy and the geothermal industry are working towards a goal of $0.03

- $0.05/kWhr. It has been estimated that enormous savings (over 80% com pared to
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fossil fuels) would result if direct use of geothermal energy is used in homes and

commercial operations.

Incentives:

Because of the high capital cost, a tax credit is passed as a provision in H.R. 6, the
energy Policy Act of 2005. The production tax credit awards 1.9 cents/kWh to all new

geothermal projects.

Lifetime

Depending on the technology the operating lifetime of geothermal facilities varies

between 30 and 45 years.

Capital Cost

Geothermal capital costs include the total cost of the land purchased, drilling of
exploratory and steam field wells, and plant construction including buildings and power
generation turbines. On average geothermal power plants are capitatintensive but no
fuel costs and low variable costs. The capital cost rangedetween $1150 and $3000 per
installed KW. The cost varies with resource temperature, chemistry and technology.
Future lower costs my result from improved technologies. The capital cost also depends

on the scale of the power plant. Table 7 provides some estimates (23):
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Plant Size Cost ggshod%:a“ty '(\Q/lﬁgllll:)r/n
Resource

[Exploration  [$400i $800  [$4007 $1,000 |

Small plants |Steam field  [|$100i $200  [$3001 $600 |

(<5 MW) Power plant  [$1,100i $1,300 [$1,100i $1,400 |
Total 1$1,6001 $2300 | $1,8007 $3,000 |
[Exploration  [[$2507 $400  |$2507 $600 |

Medium = ISteamfield  [[$2001 $500  [$4001 $700 |

plants (57 30 = =

MW) Power plant $8507 $1,200  ||$9507 $1,200
Total $1,300i $2,100 [$1,6007 $2,500
[Exploration | $100i $400 [ $100i $400 |

Large plants ||Steamfield $3007 $450 $40071 $700

(>30 MW) Power plant $750i $1,100  (|$850i $1,100
Total 1$1,1501 $1,750 |$1,350i $2,200 |

Table 7 - Geothermal Power Direct Capital Costs (US$1999 /KW installed capacity)(5).

Operating and Maintenance cost

Cost Component

Small
Plants

(<5 MW)

Medium
Plants (5 T
30 MW)

Large
Plants
(>30 MW)

‘ Steam field

| 0.3510.7 | 0.2510.35 | 0.1510.25 |

‘ Power plants

| 0.4510.7 | 0.35i0.45 | 0.251 0.45 |

‘ Total

| 08114 | 06i08 | 04107 |

Table 8 - Geothermal Operating and Maintenance Costs

O&M cost range from $0.15 to $0.45/k Wh (23).

in $/kWh  (23)
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Levelized cost (23)

Major factors that influence geothermal power generation cost are the temperature,
depth, well productivity, environmental compliance, project infrastructure and
economic factors. The levelized cost of geothermal energy is comparable to some fossil
fuels but with no environmental impact. The lowest cost is $0.015/kWh where the cost
on average for a modern power plant is $0.05 per kWh. The power produced from the
Geysers is sold for$0.03 and $ 0.035 per kWh. Cost may vary depending on power

plant peak loadings and reliability of generation.

Economic Impacts of Using Geothermal Energy

Geothermal power plants in Nevada, for example, produce about 240 MW of electricity .
This savesthe energy equivalent of roughly 800,000 tons of coal or 3 mil barrels of oil
every year(20). Plus, the state governments receive tax revenueAlso the U.S. Bureau of
Land Management collects nearly $20 million each year in rent and royalties from the

geothermal power installations but it then returns half of these to the state of Nevada.

DOE Support of Geothermal Energy

The U.S. Department of Energy recognizes the value and potential of geothermal
electricity, and provides support in several ways utilizing the Geothermal Technology
Development Program. A joint effort of the department together and the Congress
ensures support for renewable energies, by providing sponsors large amounts of money

in research and development at national laboratories and universities. Through the
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GeoPowering the West initiative, the DOE tries to work with state and local officials to

target regulatory and institutional obstacles to geothermal power development.

Page | 57



The State of California

fThe debate is over, We know the science. We

t hat the time for action is nowbo

- Governor Arnold Schwarzenegger, CA

In 2006, Republican Governor Arnold Schwarzenegger and Democratic Legislature
passed the California Global Warming Solutions Act of 2006 (assembly Bill 32, Nunez,
Chapter 488, Statues of 2006) , targeting Cal
to the 1990 | evel by 2020. As indicated in a
(24), this would be equal to a 29% cut in emissions below the projected 2020 businessi

as- usual levels.

California is ranked as the worldbés eighth | &
gasoline and twelfth largest emitter of greenhouse gases. The ste is now the second

largest greenhouse gas emitter in the United States with a total of 500 million metric

tons of Co2. Considering the statistics and the environmental perspective, the state must

become one of the leading economies in renewable energy aurces and new strategies

for reducing emissions.

California has maintained their electricity use per capita over the past several decades
while the rest of the U.S., on average, has increased theirs by 50%24). As the graph
below shows electricity generation is second in greenhouse gas emissions after the

transportation sector. Even though, imported electricity is not a big part of the
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California energy mix, the sources it comes from contribute to 39-57% (24) of the

greenhouse gas emissions associated with electricity consumption in California.

10% Industrial & Manufacturing 6% Agriculture, Forestry & Waste

14% In-State Electricity

< 14% Imported Electricity

8% Refining & Other Industries

9% Commercial, Residential & Misc

39% Transportation

Source: California Air Resources Board, Draft Greenhouse Gas Emissions inventory, August 2007

Figure 22 - California Greenhouse Gas Emissions in 2004 (24)

Current Strategies targeting emissions

The strategies targeting greenhouse emissions are not new to the state. Emironmental
Consciousness startedin 1947 when Governor Earl Warren signed the Air Pollution
Control Act which created an air pollution control district for every state  (24).
Transportation regulations start ed as early as 1966 when California adopted the
stringent tailpipe emission standards and in 1971 adopted the first automobile nitrogen
oxides standards (24). The California Smog Check Program, introduced to control the
effectiveness of vehicle emissions, was effective in 1984(24). Assembly Bill 1007
(Pavley, Chapter 371, Statues pf 2005)followed which enabled the Energy Commission
and the California Air Resources Board to work together on a plan to effectively increase
the use of alternative fuels in transportation. The list continues with Senate Bill 1078,

which introduc ed a Renewable Porfolio Standard (RPS) demanding an annualincrease
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in energy generation from renewable sources to make up 1% of sales ith a total goal of
20% by 2017. This Bill was accelerated to 2010 by the 2003 Energy Action Plan adopted
by the Energy Commission and California Public Utilites Commission (CP UC).
Furthermore, in 2004 the Energy Commission recommended a goal of 33% renewables

by 2020; this was endorsed by Governor Schwarzenegger and the CPUC in 200%24).

Some Facts and Figures

CALIFORNIA’S ENERGY SOURCES

7% Pacific Northwest

42% Foreign
/‘ 15% US Southwest \N
78% In State 37% In State -
21% Alaska
Electricity Petroleum
23.5% Canada -
Pt 239% Rockies
% ¥
13.5% In State " 40% Southwest
Natural Gas
Source: California Energy Commission 2006
Figure 23 - Energy Sources Imported and State Generated (24)

As much as 22% of the energy used in the state is imported mainly fromanother 11 U.S.
states, Canada and Mexi co. In 2006 Californi
utiliti es from making long-term commitments for electricity generated by plants that

create any more CO2 thann at ur al g arbkis npehna that sng fifth of the total

energy consumed by the state is dependent on external sources and they depend
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primarily on n atural gas. In view of all the recent confrontation and peak-oil theories,

the stateds electrical 9g24pplies appear t

Having its own fuel supply is not an option for California anymore. In the early 1900s
the state was one of the pioneers in petroleum findings and one of the largest producers
and exporters. Around 1910, the state was producing 73 million barrels of oil a year
which comprised 22% of the worl dos t ctioml
followed after 1985. Even so, being 4 in the nation among oil -producing states,
Californiads crude oil i mports increased
the decline in production of the North Slope oil fields. After the mid 1990s, California
demanded more and more finished oil products with averaging 16 billion gallons of
gasoline in 2006 ranking the state as the second largest consumer in the worldafter the

entire United States (24).

Energy consumption and generation in California (25)

Table 12 forecasts the energy demand in California up to 2016, as prepared by the
California energy commission. It is based on data collected from several general sectors:
industrial, commercial and residential, as well as data from specific areas like floor

space energy demand, agricultural and water demand and several others.
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Consumption (GWH)?

Percent
Difference | Percent
Base/lJun- | Difference
Jun-05 Low Base High 05 High/Low

1990 | 229 367 | 229375 | 229,375 | 229 375 0.00% 0.00%
2000 | 262985 | 265,021 | 265,021 | 265,021 0.77% 0.00%
2004 | 272,386 | 270,927 | 270,927 | 270,927 -0.54% 0.00%
2008 | 285 667 | 285317 | 286,813 | 289,002 0.33% 1.29%
2013 | 304 355 | 302,059 | 304,400 | 310,669 0.01% 2.92%
2016 | 314471 | 310716 | 313,397 | 323 372 -0.34% 4.07%
Annual Average Growth

Rates

1990-2000 1.38% | 1.45% 1.45% 1.45%
2000-2004 0.88% | 055% | 055% | 0.55%
2004-2008 1.21% | 1.30% 1.43% 1.63%
2004-2016 1.20% | 1.15% 1.22% 1.49%

Peak (MW) b

Parcent
Difference | Percent
Base/Jun- | Difference
Jun-05 Low Base High 05 High/Low

1990 | 46907 | 47431 | 47431 | 47431 1.12% 0.00%
2000 537R8 | R4028| 54,028 | 54028 0.50% 0.00%
2004 | 563359 | G435 | EB435| 56435 0.17% 0.00%
2008 | 60878 | 60640 | 61042 | 61528 0.27% 1.46%
2013 Bh144 | 64515 | 65144 | BHE25 0.00% 311%
2016 | B7.H69 | GBBEG | 67.379| 69473 -0.28% 4 .23%
Annual Average Growth

Rates

1990-2000 1.37% | 1.31% 1.31% 1.31%
2000-2004 1.18% | 1.10% 1.10% 1.10%
2004-2008 196% | 181% 198% | 2.18%
2004-2016 163% | 1.40% 1.49% 1.75%

Histonc values are shaded
a)  GWH=gigawatt-hour
b) MW = megawatt

Table 9 - CALIFORNIA ENERGY DEMAND 2006 -2016 STAFF ENERGY DEMAND
FORECAST Revised September 2005 (25)

Figure 24 showsthe current demand as well as predicted demandversus time using
different methods. All models predict the energy consumption of the state of

California increasing with a constant rate.
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Figure 25 - Statewide Annual Electricity Consumption (Gigawatt Hours)

Figure 27 shows the electricity consumption per capita in California. Consumption
has been relatively constant for the past 10 years and it is predicted tobe so for the
next 10 years. This suggests that the main parameter that influences the energy

consumption is the population of the state.
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Figure 26 - Statewide Electricity Consumption per Capita
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Figure 27 - Annual Electricity Consumption per Capita

Another major par ameter is temperature. Figure 28 shows that summer energy demand
is nearly twice the average for the year All southern states exhibit this energy demand

pattern. Because of the mild winters there are very low requirements for additional
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heating energy. During summer months, however, the energy consumption gets very

high due to the energy required for air-conditioning.

Annual Pattern of Daily Peak Demand

85,000

Demand is volatile during summer

- F iy

= W

30,000 4

25,000 1 Low points are weekends or holidays

PV IR

Figure 28 - Annual Pattern of Daily Peak Demand

An i mportant par ameter of the stateds consun
Although the demand per capita has been relatively stable the peak demand per capita

is rising. More and more people are moving to the inland part of California where the

climate is drier and hotter. This greatly increases the summer peak electrical demand

due to the use of more air conditioners. Figure 29 shows the projected population

distribution up to 2040; the inland population is rising faster than the coastal

population and the population of California in general. Because of that the state peak

demand is projected to grow an average of 750850MW per year for the next 10 years, or

around 1.35% per year.
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Figure 29 - California's Inland Population Increase

The overall predicted behavior of the peak energy demand is shown below.
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Figure 30 - Statewide Coincident Peak
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The 2in-10 scenariohas a 10% chance of occurring and according to it the demand is
supposed to increase by 8% annually. One of the worst consequences of this dramatic
rise in the peak demand is that the load factor will decrease. The load factor indicates
how much of the total available power output is used on average. This means that more
and more power capacities will be built to support the increasing peak demand but
those capacities will be used for shorter times (only during summer months) and only
part of this capacity will be used during regular demand. This creates a very difficult
economical situation for the ordinary power sources which are much more profitable

when they are used with more constant power demand.

Available energy sources in California

The total amount of alternative energy sources in California is something that can not be
estimated in a simple way just because of thenatural differences of the various sources.
Current and future energy productions rates as well as market conditions for the

differe nt energy sources will be described.

Solar energy

The state of California in particular has plenty of solar resources which makes this
source very attractive as one of the major future energy sources. The average normal

solar radiation in California is above 6.5kWh/m”2/day (Figure 31).
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enwaie Energy Laborasiory for e U.S. Deavimen of Energy

Figure 3171 Solar radiation map

Theoretically each day 2 730 TWh of incoming solar radiation falls on the state. This is
roughly ten times the annual energy consumption of the state. One of the greatest
advantages of solar energy is that the production rate with respect to the time of the day
follows the consumption rate. In other words most energy is produced when it is most
needed. The same is true for the solar energy annual production peak. During summer
months, when the energy consumption in Calif ornia and all Southern states is highest,
the peak productivity of the solar energy sources is highest as well Thus in these
regions the solar power technology has a relatively high efficiency resulting in lower
cost of generated electrical Having large amounts of annual incoming solar radiation,

California and its neighboring states have a perfect opportunity for solar power

" Total time of power generation per year
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development. All these states are already exploring new laws and policies that will help

the development of the solar power industry.

In the past California has experienced several summer brown and black outs
furthermore gas prices have increase by 400% for the last four years increasing the
demand for peak loads capacities The current peak power in California rages between
10 and 18 cents/kWh. Even though, one of the biggest concernswith solar technologies
is the price, currently one of the most affordable types of solar technologies, already cost
effective without any subsidies or tariff schemes, is the Concentrating Solar Power
Technologies.

Currently there are numerous solar power plants projects active in California. A long
term power purchase agreement (PPA) for a 500MW dish park was signed by the

American solar dish developer SAS and Southern California Edison i Southern

Californiads biggest utility company. The

generation capacities with additional 350MW. After SES finishes building and testing

their current project T 1MW dish-park consisting of 40 individual 25KW dish -sterling
systems, the PPA will be exercised.

One of the largest solar power plants currently running in Califo rnia are the SEGS

power plants which have a total capacity of 354MW. The plants operate with high

annual plant availability with peak efficiencies of u p t o 21. 5%-onlThe

electricity cost generated by these plants is between 1720 cents/kWh. However despite
the success of the SEGS plantsno new commercial plant has been built since 1991.
There are a coupleof reasons for this; one of the major ones is the steady fall of energy

prices in the 1980s as well as delay 1in
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However important steps are being taken toward revitalizing the solar industry. There
are current solar power initiativ es such as the Parabolic Trough Technology Roadmap. It
i s devel oped by the US Department of Energy
identified a number of potential improvements including further cost reductions 1 down
to 6.1 cents/KWh (30% of the current trough solar system price), as well as doubing the
annual solar efficiency i up to 50%. All these are expected in the next 1015 years. All
these changes will make mass implementation of solar technologies economically
plausible.

With the election of Arn old Schwarzenegger in October 2003, the Renewable Portfolio
Standard (RPS) in California has been increased to 20% for2010 and 30% for 2020.
The governor mandated a Solar Task force to define the rules for the implementation of
3GW of new solar power by2015.

Apart from these plans, some of the scenarios for the future development of solar

thermal technologies market in California are shown in Table 11

Year California + MW mwh oo Market volume in MUSS

2005 354 BEL.000 L3000

2010 854 2.135.000 1.281.000 1350

2015 2354 L.B85.000 3531000 1200

2020 4854 12.135.000 7.281L.000 1575

2025 7354 18.385.000 11.031.000 1750
Tortal 2000 till 2025 G3.195.000

Table 10 - THE GREENPEACE -ESTIA SCENARIO FOR 2025

This model is based on the current thermal solar market using an average capital
investment of 6000$/KW which falls gradually and by 2025 is cut by half. Another
assumption is that the power capacity will increase from the current 354MW to

2354MW in 2015. This model is rather crude; however any exact predictions for the
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future of the solar market are nearly impossible due to the volatile dynamics of the
current solar market.

A projection (the Annual energy outlook with p redictions to 2030) states that California

will reach 12% of its total power using non-hydropower renewable electricity power
generation. However this is based on the assumptions that there will be limitations on

the supplemental funding mainly because of the expiration of the Federal PTC
(Production Tax Credit) at the end of 2007. Because of that the projected growth of the
renewable power sector will be limited to the economical competitiveness of the sector
itself without any SEP funding. The report itself notes that the influence of the

Cal i f or ni a0 sovaRtAeSfutyrerdevglopment of the alternative energy market
may be underestimated. One of the reaons for this is the recent passed program
modifications in the RPS which allow for increased use of resources from other States.
If the goals in the RPS arereached on-time, the solar energy production can go up to the
full amount of the total renewable energy production to be reached by 2020 i 30%.
However with proper legislati ve help from the state and more investments from the
private sector this percentage can be much higher.

At present California has a power output of 410 MW from solar energy. There are many

projects that are currently being developed and once they are completed this number is

expected to reach 10 GW.
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Wind Energy

California has very strong geographical reasons to be the state with the most wind
turbines in all the U.S. Areas of class 3 or higher wind power are dispersed throughout
the Southwest region. Most of the energy is generated around the coastal area where
cooler marine air flows towards the dry valleys in the interior. At least 6 major wind
corridors occur in central and southern California. Other wind passes are also found in
some of the southeastern Californian deserts, providing very suitable location for
building wind farms . Refer to Appendix B for more detailed view of the wind speed in

California. (26)

California has many mountain ranges, several of which extend above 3,000 m (10,000
ft) in elevation. It also has some very large flat areas, noably the Central Valley, which is
composed of both the Sacramento and San Joaquin valleys and is over 700 km (400 mi)
long. The California desert is mostly composed of isolated peaks and ranges dotting an
undulating basin. Nevada is composed almost exclusvely of basin and range country;
there is a series of parallel valleys alternating with steep mountain ranges. Some broad

upland plains are found in northern Nevada near the Oregon and Idaho borders. (26)

More than 13,000 of California's wind turbines, or 95 percent of all of California's wind
generating capacity and output, are located in three primary regions: Altamont Pass
(east of San Francisco), Tehachapi (south east of Bakersfield) and San Gorgonio (near
Palm Springs, east of Los Angeles). In 1995, these areas produced 30 percent of the

entire world's wind -generated electricity. (27)
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This year the nation's largest wind power purchase took place in Galifornia. The
Rosemead, Calif, utility, an E dison International company, will purchase 50 miles of
wind farms in the Tehachapi area from Alta Windpower Development. This is three

times larger than any existing U.S. wind farm.

SCE is planning to build new transmission systems to allow up to 4,500 megawatts of
wind from the Tehachapi Wind Resource Area to connect to the transmission grid. As of
July 2007, the projected completion date is winter of 2013.112 Segments capable of
exporting 700 megawatts of wind from the area are scheduled for completion by the end

of 2009. (28)

At the same time, LADWP is expanding its transmission lines in the Tehachapi Wind
Resource Area to accommodate at least 500 megawatts of wind and other renewables as
part of a larger project that will add 1,150 megawatts of transfer capability for

renewables and other transmission needs (29)

Currently there are 2,376 MW of wind energy output installed in California. According

to the American Wind Energy Association, California has the potential to support an
average power output of 6,770 MW in the near future (2010). If we assume that the
average whnd activity per day is 12 hours, the average wind-generated power output per
year is 29,660 GWh. As previously noted in table 10, the estimated high consumption
value for the year 2008 is 289,000 GWh. In this case, wind energy would account for

approxi mately 10% of Californiabds annual ener

According to the MAResource Mix So¢ratioo whort

focuses on the scenario where 33% of the energy in California will be renewable, by
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2020 California will have 12,700 MW of wind energy output 5,800 of which will be in

the Tehachapi Region alone.(30) This yields an annual power-output of approximately

55,626 GWh. Considering the energy consumption estimates for 2010, 2013 and 2016,

we would expect that the state of California will consume about 330,000 GWh in 2020.

This would mean that wind energy will satisfyroughly 17 % of Cal i forni ads

consumption in that scenario.

Many projections are even more optimistic. Wind independent power producers (IPPs)
are stronger than ever and additional manufacturing capacity is on the way. The
business environment is favorable - record natural gas prices, renewable portfolio
standards (RPS) in US states proliferating, and an extended production tax credit (PTC)
in the US combine to shore up prospects. Looking forward, US wind power market is
expected to see stable growth and heightened overall activity. North American wind
power is expected to see a more than fourfold increase in wind power plants in
operation by 2010. The US is expected to grow from just over 6,700 MW to over 28,000
MW by 2020. Needless to say, if such optimistic projections become reality, wind energy
alone will be responsible for more than 120,000 GWh annually or 36% of the total peak

energy demand of California estimated for the year 2020. (31)

To assist the process of reaching these goals, both the Californian and national
legislation systems are proposing and enacting different laws that move the state further
in the direction of green energy wutiligyati on.
Regulatory Commission signed a plan to shift part of the cost of power lines to
California consumers. This is one way of solving the problem with investors that do not

want to build wind farms unless transmission lines are built beforehand; meanwhile
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utilities do not want to add the lines unless the wind farms are already built. Another

impor tant policy is the production tax credit (PTC) that provides a 1.9-cent per kilowatt -

hour benefit for the first ten years of a renewable energy facility's operation. The PTC

was set to expire on December 31, 2007 but during the 109th Congress a decision wa

made to extend this important policy by one year. Another set of standards that
California has approved are the Arenewable po
utilities to include renewable sources such as wind, solar, hydro and biomass in ther

energy mix.

The transmission development problem is being confronted by companies such as
APaci fic Gas & El edermcoP.r oPG&EMentiL®Ph@nso r
transmission is fAincreasingly becomingSa cri
goal s, 0 and that mo s t proposed renewabl e dev
centers. PG&E assumes development of 2,400 megawatts of wind and 200 MW of
geothermal resources which require transmission development and notes that there is
Asi gni f cedantytregawdimg the availability of transmission capacity and

consequent effect on wind and geot her mal reso

As to the wind turbine market, there is currently a shortage of wind energy turbines,
which is likely to drive up the price of energy from new wind facilities until

manufacturing capacity expands to meet demand.

In conclusion, California will very soon reach power capacity of 6,770 MW from wind
energy alone. In 2020 this number is expected to increase to 12,700 MW and some

reports even predict power capacity of more than 28,000 MW.
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Biomass

Currently, 36 biomass-fueled power plants in California produce approximately 700
MW of power output. In the California Energy Commission Intermittency Analysis
Project, biomass is proposed toaccount for a very small portion of the renewable energy
scenario, outputting only 2000MW. We, therefore, believe that the main advantage in
using biomass would be in the transportation sector where large power output is not

essential and a big differenceis madein the reduction of greenhouse gasses.

Geothermal Energy

As previously observed geothermal energy is produced by using the heat of the earth.
California, being |l ocated on the Pacific fARinN
be good energy sources for geothermal energy. Currently the geothermal energy
produced in California constitutes abou t 40% of t he worl dos ge
generation and 5% of the states generated electrical power(24). Excluding large scale

hydro-electric, geothermal is the larges non-hydro renewable energy source in the state

(20).

The most developed of the high-temperature sites in California is the Geysers, which are
located north of San Francisco. Constructed in 1960, they continue to extract energy
from the earth even today. The Geysers is one of the two plaes on earth where a high

temperature, dry steam is found that can be used directly to turn turbines. (24)
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Another major geothermal location in California is the Imperial Valley are of Sand Diego

and the Coso Hot Springs areanear Bakesfield (24).

Bigger capacities are hidden in the Hot Dry Rock and Magma. These would provide
thousands of megawatts electrical power for the state of California. Major investigation
sites are Clear Lake area of Lake Gunty and Magma research is focused in the Long

Valley Caldera of Mono County (24).

According to the Geothermal Energy Association, in 2005 the U.S. continues to remain
the worl dbés foremost pr odu atgearthefcourgre pavitked r ma | e
approximately 16 billion kWh which comprises ~0.37% of the electricity consumed in

the U.S (21).

As of 5/07/2007 the total installed capacity in the U.S. is 2850.9 MW and the
corresponding total annual generation is 16,010 GWh. The biggest producer is the state
of California with 2492.1 MW Acapacity followed by Nevada with 297.4 MW, Hawaii i 35
MW, Utah 7 26 MW, and Alaskai 0.4 MW. The net-total annual power generation of
California amounts to 14,379 GWH from geothermal power plants (5% of the total

electrical power generated in the state). Table 12 below showsa power generation stub

for 2006 .
Fuel Type In -State NW SW GSP GSP
Imports Imports Percentage
Coal 17,573 5,467 23,195 46,235 15.7%

"Based on 2030.47 MW of net ¢ capacity producing power in 2005 and 461 MW on stand by.

“ Number varies from reality due to failure of some of the power generation companies to report their generation
output. By California Energy Commission the number is 13,708 GWh.
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Large

Hydro 43,088 10,608 2,343 56,039 19.0%
Natural Gas 106,968 2,051 13,207 122,226 41.5%
Nuclear 31,959 556 5,635 38,150 12.9%
Renewables 30,514 1,122 579 32,215 10.9%
Biomass 5,735 430 120 6,285 2.1%
Geothermal 13,448 0 260 13,708 4.7%
Small Hydro 5,788 448 0 6,236 2.1%
Solar {1} 616 616 0.2%
Wind 4,927 244 199 5,370 1.8%

TOTAL 230,102 19,804 44,959 294,865 100.0%

Table 11- California Gross System Power in GWh, 2006 (26)

The data provided is based on the capacity of the facilities and not on the actual output.
For comparison to other technologies the numbers need to be adjusted by the expected

capacity factor shown in Table 13

Technology Expected
Capacity Factor
(percent)
Coal 71
Muclear 90
Geothermal 86-95
Wind 2540
Solar 2433
Matural Gas 30-35
Combustion
Turbine
Hydropower 30-35
Biomass 83

Table 12 - Capacit y Factors for various available technologies.
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New/Developing Capacities in California

The Geothermal Energy Association estimates that including projects in the initial
development phase a total of 2455.9 MW of new geothermal power plant capacity is
currently under development in the United States. There are four different phases of

power plant development:

Phase I: Identifying site, secured rights to resource, initial exploration

Phase II: Exploratory drilling and confirmation being done; PPA not secured

Phase Ill:  Securing PPA and final permits

Phase IV: Production Drilling Underway/Facility Under Construction

California is a leader in the development of new capacities as illustrated in Table 14. The
new nearly 1 GW new production would result in ~8,760 GWh new power output which

is nearly 50% of the current geothermal power generatedin California.
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California: 921.3-969.3 MW

Phase 1

¢ Brawley — 100 MW — ORMAT

¢ Nammoth Hot Springs — 30-40 MW — ORMAT/Constellation

¢ Truckhaven — 50 MW — ORMAT

¢ Truckhaven Phase IT — 100 MW (Two 50 MW (45 MW-net) power plants) — Iceland
America (TAE)

Phase 2

¢ Glass Mountamn — 99 8§ MW (two 49.9 MW projects) — Calpine
¢ Salton Sea — 200 MW (Four 50 MW projects) — CalEnergy
¢ Surprise Valley — 27 MW — Enel North America

Phase 3

« East Mesa — 10 MW (expansion) — (AKA Ormesa Geothermal Complex) — ORMAT

¢ Geysers Geothermal site — 25 5 MW — Western GeoPower

+ Juan Bautista de Anza Geothermal Project — 25 MW (Truckhaven) - Esmeralda
Truckhaven Geothermal LLC

¢ Military Pass — 120 MW — Vulcan Power — The buyer of the power will be PG&E

¢ North Geysers — 50 MW (2-25 MW projects) — Calpmne

¢ Truckhaven I — 49 MW — Iceland America (IAE) — Construction planned by 2010

Phase 4

¢ Bottle Rock — 17-55 MW — The Bottle Rock Plant, which ran until 1991, is being refurbished.
Thermasource & and US Renewables Group

¢ Heber 18 MW — A PPA was announced for 10 MW in December 20035; ground was broken in
May 2005, The Heber site already has a 32 MW power facility, which will be expanded by 8 MW

to 60 MW. All together, the Heber site i= adding 18 MW — ORMAT

Table 1371 Existing Project sinthe four development phases (22) .

There are many questions concerning geothermal energy extraction butmost interesting
is the total geothermal energy capacity of the state. The California Energy Commission
estimated ~4000 MW of available geothermal energy. However, a number of various

factors affect the energyresource basethat can be tapped with geothermal technologies.

One of themajorf act ors is the temperature of the

implies that pla ces with higher temperature at smaller depths are more desirable. This is

so mainly because of thedrilling technologies involved and their cost. Clearly the deeper
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the drilling the higher the energy levels that can be extracted. Table15shows associated

energy content at specific depths and the different temperature gradients.

Depth AK' AL AR AZ cA’ o FL GA

35 km

160=C 0 0 0 459 10,950 17,845 0 ]

200 34

250 414

ano 275

45km

150=C 39,568 34 4,341 49,884 53,048 45870 0 1]

200 4,734 B413

250 407

200 798

5.5 km

150°C WTET 1046 18077 B243 TN EE11 1032 0

200 2 125 880 23,029 36,890

250 3332 5033

200

&5 km

160°C 351 588 9148 20,725 52335 54,243 B4 48T 4339 75

200 187,722 &0 5,373 74,305 70,941 51,170 2

250 473 9,185 24,029

ano 174 1,077

75 km

150=C 139,800 20,603 33,674 38,005 35806 37RE3 7B fm27

200 503,829 150 16,045 25611 85336 BZ5IN 14

250 4,556 115 26972 36040 4T84

300 5204 10517

350

B5km

180°C 46,880 32,605 38944 28264 37742 19,226 10324 15797

200 218,770 2038 21,847 45502 57,201 55,299 1,208

250 471,901 1196 95001 84289 53729

300 1362 11419 35801

350 3627 4,259

55 km

150=C 14,408 39537 32,749 13,959 36,234 6,260 31,540 3L705

200 175,463 10425 0,115 36,488 36780 B&T4E 4503

250 574,921 16,763 94872 91826 4446

300 54,703 42529 48,011 55326

380 7079 187G

Total 3,203,825 115,655 229,089 777471 BEBALD 798437 &0.494 58424
Table 14 - Geothermal Resource Base (in exajouels = 10718 J) for selected states 1)

This energy stub table shows a tremendous amount o f
surface. The are many obstacles that need to be overcome so that it is possible to tap
even a small bit of this abundant energy fields. Siting combined with drill ing

technologies are two of the major issues that geothermal energy is faced with. Hence,
geothermal energy is considered to be a long term option for meeting the energy

demand of the state.
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Geothermal Energy will play an important role in realizing a successful sustainable
energy future for the United States with its attributes like widespread distribution, base -

load dispatchability without storage, small footprint, and low emissions.

Many successful projects have been realized recently outside the United States showing
that the Research and Development growth has not been favored through U.S.
government policies and incentives. Highly ignored is short term funding for research
and development of geothermal technologies which explains the small currently

operating capacitates considering the enormous potential (1).

Smaller scale projects can become a significant part of the energy mix of California.
Small depth and low temperature (~100 C) 7 low cost systems can provide heating for

districts and cities which can remove a large load from the grid ().

After a careful examination of all the technologies and economic feasibility as well as
political barriers, MIT assembled multidisciplinary team has predicted a cumulative
capacity of 100,000 MWe from geot her mal resou
modest, multiyear federal investment for research and development in several field

projects in tkle United Stateso

To conclude, the California geothermal power capacity is enormous. However, many
years of research and development are needed to move the technology with the same
pace as the growing energy demand of the state. Geothermal energy in the state of
California constitutes of nearly 5% of the total generated power on the state territory.
Currently 14,379 GWh geothermal power is being generated yearly on the territory of

the state representing 2492.1 MW capacity. New capacities of nearly 1GW are being
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developed and are expected to join the grid in the next several years. Together the total

power generation from geothermal energy sources will add up to 3,5 GW which is over

10% of the total power consumption of the state. Predictions estimate 4 GW of readily

available and easily attainable geothermal resource base which would account for nearly

12% of the total consumption. These numbers are linked to current technologies which

by far do not represent the potential of the geothermal energy base. With more research

and development deeper and cheaper drilling will provide access to the high energy
basins of the eartho6és crust which could provi

and completely shadow traditional energy extraction technologies (1).

Table 9 compares different energy sources:

Levelized Cost

Resource (U.S. cents/kwWh)
Geothermal 15 7.0
Hydropower 0.5i 2.4
Coal 2.0 5.0
Nuclear 1.5 3.0

Tablel5- Levelized Cost Comparison of base Igaalver by Source

Conclusions

With the growing social awareness and concern about global warming massive
investments in renewable energy begin to develop from disparate sources. The most

Page | 83



recenteventi s Googl ed6s @ rNavember 2@ hthat they will be investing
hundreds of millions of dollars to make renewable energy cheaper than coal energy.
They also announced their new initiative to develop one GW of electricity from
renewable energy sources. This newly created initiative will focus primarily on advanced
solar thermal power, wind power technologies, enhanced geothermal systems and other
potential breakthrough technologies. The initiative will be known as RE<C and Google
will make investments in and provide grants to a variety of organizations in the
renewable energy field, including companies, research and development laboratories
and universities. eSolar Inc and Makani Power Inc. have already been named as two of
Google's partners in the initiative. Such large investments may be the answer that

researchers and s@entists have been waiting for.

The results of these investments, however, can be a source afnuch speculation.
To avoid as much uncertainty as possible, we willfocus on the different estimates and
research results describal in the previous chapters. Currently, the state of California has
an energy power capacity of 6,770 MW from wind energy, 410 MW from solar energy,
and 2492.1 MW from geothermal energy. That makes a total of 9672 MW capacity from
wind, solar and geothermal energy. It is important to note that projects that are
currently under construction will add 10 GW of solar energy and nearly 1 GW of
geothermal. The state has also set a goabf reaching up to 20% wind energy contribution
to 2020 and there are already proposed projects totaling 17,000 MW that are expected
to be completed before the deadline. We therefore believe that it is reasonable to expect
that 20,000 MW of wind energy, 11,000 MW of solar energy and 4,000 MW of

geothermal energy are reasonable goals hat California can achieve before 2020.
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Considering the specifics of the different technologies (i.e. hours of operations per day,
resource availability, etc) this means that renewable energy from these three sources
alone, totaling 35,000 MW, will roughly produce an annual energy output of 160,000

GWh,ornearly45% of the stateds peak energy consumpt

Considering the increasing willingness for the U.S. government to collaborate on
solving the global warming problem and also taking into account the exponentially
increasing rate of technology improvement and development, we believe that such

expectations are not just possible but quite plausible as well.

Appendix A (33)

e ALASKAT 1.6
e ARIZONA T 0 operational / 75.0 planned Rank: 30**
e ARKANSASI 0.1Rank: 27**
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CALIFORNIA i 2361 installed / 585 planned Rank: 17**
COLORADOI 291 installed / 321 planned Rank: 11**
CONNECTICUT T 0 installed / 0 planned Rank: 33**
GEORGIAT Oinstalled / 0 planned Rank: 40**

HAWAII 1 49 installed / 21 planned

IDAHO 1 75 installed / 246 planned Rank: 13**

ILLINOIS T 107 installed / 1541 plannedRank: 16**

IOWA i 837 installed / 222 pl anned Rank: 10**

KANSAS i 364 installed Rank: 3**

MAINE 7 9 installed / 93 planned Rank: 19**

MARYLAND i O installed / 181 planned Rank: 37**
MASSACHUSETTSI 4 installed / 519 planned Rank: 25**
MICHIGAN i 3installed / 78 planned Rank: 14**
MINNESOTA i 859 installed / 0 planned Rank: 9**
MISSOURI i 0 installed / 107 planned

MONTANA 1 146 installed / 500 planned Rank: 5**
NEBRASKA i 73 installed / 0 planned Rank: 6**
NEVADA i O installed / 190 planned Rank: 21**

NEW HAMPSHIRE i 1.45 installed/ O planned Rank: 35**
NEW JERSEYT 7.5 installed / O planned Rank: 29**

NEW MEXICO i 497 installed / 0 planned Rank: 12**
NEW YORK' 370 installed / under const. 110.75Rank: 15**
NORTH DAKOTA i1 179 installed / 0 planned Rank: 1**
OHIO 1 7 installed / 0 p lanned Rank: 36**

OKLAHOMA 1 535 installed / 60 planned Rank: 8**
OREGONT 438 installed / 240 planned Rank: 23**
PENNSYLVANIA i 179 installed / 80 under const. Rank: 22**
RHODE ISLAND i 0.66 installed / 0 planned

SOUTH DAKOTA i 44 installed /200 7 400 planned Rank: 4**
TENNESSEET 29 installed / 0 planned Rank: 39**
TEXAS 1 2768 installed / 1013 under const. Rank: 2**
UTAH 1 0.885 installed / 0 planned Rank: 26**
VERMONT i 6.0 installed / 141.5 planned Rank: 34**
WASHINGTON 71 818 installed / O planned Rank: 24**
WEST VIRGINIA i 66 installed / 300 planned Rank: 32**
WISCONSIN i 53 installed / 200 planned Rank: 18**
WYOMING 1 288 installed / 201 planned Rank: 7**

*Installed & Projected MW 1T AWEA
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**Wind Energy Potential i An Assessment of the Available Windy Land Area and Wind
Energy Potential in the Contiguous United States, Pacific Northwest Laboratory, 1991.
(APotential o is stated in terms of average Me
capacity at 100% capacity factor 1 MWa is roughly equal to about 3 MW of nameplate
wind turbine capacity.) The image below combines the rankings of the top 15 states and
the wind energy map that we previously showed

Uni ted Stateso.

Figure 321 Wind Energy Potential in the US
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Appendix B
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Appendix C

- a subset of the geothermal

Figure 35 - Heat -Flow map of the courtemnious United States

map of North America (Blackwell and Richards 2004)

Page | 89



CALIFORNIA
STATEWIDE POWER PLANTS

Operational .1 MW and Above

A Legend

A ‘0‘ £
A R *
ap 8 ‘ .tA. / ‘
-4 L% “ o 4 ©
g g 20 :
\ }”"\A Ao “ °
PN v
'..g . ‘ A 2
o AP
&

b~ A . POWER PLANTS
S N BIOMASS
o % A ': A @ I
) COAL

DIGESTER GAS
GECTHERMAL
HYDRO
LANDFILL GAS
M3V

NUCLEAR
OIL/GAS
SOLAR

WIND

tane 2993
CALIFCANIAENERO Y COMMISSION

YETEMS ASSESSMENT § FACILITIES SITHG DIVISON
CARTOGRAPHY UNIT

-
T i et 1 LV W 4 Wt s PR

Figure 36 - Online Power Plants, >1MV Capacity

Page | 90



Appendix D

Existing No. Generator Net Summer Net Winter

of Units | Nameplate MW, MW, MW,

L5, Total 16,770 1,049,615 62,542 999,749
Geothermal 212 319 2,170 2,41
Coal 1,524 335,243 313,020 315,364
Petrolsum 3,175 37,570 33,702 37,339
Matural Gas 3,048 256,627 224 257 241,39
Dual-fired 3,003 193,115 172,170 184,399
Other Gases 119 2,535 2,294 2,259
Muclear 104 105,540 99,628 101,377
Hydroelectric Conventional 3,955 77,130 77,841 77,227
Pumped Storags 150 19,569 20,744 20,674
Wind 24k 6,552 5,456 6,406
WoodWood Waste 17 284 2,583 2,582
Municipal Solid Waste bk 2,677 2,194 2,217
Biomass gas b1l 243 200 232
Solar [photovoltaic, thermall 17 404 398 ELY
Landfill gas 5B2 934 859 B79
Aaricultural by-product 2h 289 274 268
Black liquor [biomass] Mot available - 4,000 - 4,000 - 4,000
Other 42 7h4 700 T4

Table 16 - Existing U.S. generation base (EIA, 2005 and GEA. 2006)

* Note that most of the data might not represent the true state of the current values that

are out there. Many assumptions have been made.

Table 17 provides economics facts comparing different technologies. The Geothermal

line is estimated by taking the average of all the different methods available.
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Technology vernight Tatal Wariable Fixed 2001 2010
cost, overnight costs, costs, Heat Heat
E/KW | [wf variable E/MWH $/MWHh rate, rate,
D& M] costs, Btu/kWh Btu/kWh
kW
Corwventional
Pulverizad Coal 1,044 1,119 338 23.41 2385 2.0e7
Integrated Coal 1,250 1,338 0.8 32.47 7869 6,968
Gasification
EE”"E”“” nal Gas/Oil 435 454 0.52 15.41 7418 7,000
Advancad Gas/0jl CC B44 590 0.52 14.45 L5870 &, 350
Comventional Gas 323 339 0.1 5.45 11,380 10,400
Turbine
Advancad Gas Turbins 451 474 0.1 218 2020 g,000
Fuel il 1.810 2,09 2.0 14.98 5,744 5,381
Advanced Muclsar 1,972 2,144 0.42 57.23 10,400 10,400
Biamass 1.63& 1,725 2.9 44.95 B9 E211
MEW-Landfill Gas 1,336 1,429 0.01 26.31 13,648 13,848
Gaothermal 1.563 1,745 0 70.07 az e azary
Wind® 18 T4z ] 25.54 M.A&. M.A&.
Solar Thermal” 2,157 2,539 1] 47.87 M.A. MA.
Solar PV" 2,317 3,831 1] 9.85 MA. WA

* Assumes a binary-cycle power plantwith 10.6% net thermal efficiency; flash plants cannat be characterized by a

heat rate.

b Capacity and availability factors are adjusted for these technologies by each systems operator, reducing available

output.

Table 17 - Economical comparison between technologies
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Natural Layrge Coal Nuclear Geothermal Biomass

Small Wind Solar
Gas Hydro Hydro
41.5% 19% | 15.7%—[ 12.9% { 4.7% [ 2.1% l 2.1% 1.8% T 0.2%
12%

Imported
88%

In-state

16% In-state
Imported

84%

In-state

In-state

62%
Imported

38%

In-state

93%

In-state

100%
In-state
92%

In-state

COAL: The in-state coal-fired generation includes electricity generated from several out-of-state coal-fired
power plants that are owned by and reported by California utilities. There are other out-of-state
generation facilities that are owned by California utilities, which are reported as imports.

Source: California Energy Commission, Gross System Power Report 2006.

Table 18 - Energy technology characteristics
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