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Chapter 1

Forward

| have for long been unclear about how renewable electrygteration resources match up against
the requirements of electricity consumption in Californiacften found that by reading a single
source, only one topic is covered and | would miss the overalure. While browsing numerous
(what | deemed credible) sources, | tried to extract salpennts. | found it interesting that a
number of sources, which | decided not to include, had a tendéo over or under estimate
numbers, - all depending on the author’s bias. In order teebahderstand the renewable energy
situation, | spent time reading through what | could find alvenewable energy, more specifically
in California, and | have gathered my findings into this papdrave however gathered together
a comprehensive look at hydro power, solar photo voltaicggpwind power, geothermal, and a
brief look at coal/natural gas power. Please consult trereetes for details and | hope you find it
interesting, | certainly did!

-Mogens



Chapter 2
Overview of California’s Current Situation

California’s Electricity Consumption for the year 2007 wa$ 2Z®0 Gigawatt Hours (GWh). Cal-
ifornia (12% of the US population) accounts for 2.5% of thiat®S consumption. The projected
Annual Electric Consumption for the year 2018 (based off Gali’'s 2007 Annual Electric Con-
sumption of 285 TWh) is 327 TWh (Terawatt Hours), a 11% incred$e annual US Electricity
Consumption in 2002 was 3,660,000 GWh, 25% of the world consiomp

The CEC (California Energy Commission) allocaf&d 8million for their Emerging Renew-
ables Program from 2002 through 2006, a rebate program tiuesage renewable energy. In 2007,
the California Public Utilities Commission initiated the Gatinia Solar Initiative, with the goal of
creating 3,000 MW of new solar generation capacity by 20hi& @Sl’'s budget i$3.3million over
10 years. A strict environmental message simply has not besgneffective at getting customers

to want to buy green power.



Figure ES-2: Statewide Electricity Consumption
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Chapter 3
Hydro Power

As of the year 2002, hydro power accounted for 25% (13.3 GW) dfcZaia’s generating ca-
pacity. It is predicted that by the year 2003 hydro power adtount for 22%. Although hydro
power is 25% of the generating capacity, it only accounts #% (37.3 TWh) of the total annual
production.

In California, most dams where built years ago to provide whteirrigation. Hydro power
was either an afterthought, or a convenient way to financedémes. Not all dams utilize the
available hydro power. The estimated untamed hydro capa@5 GW, a potential 19% increase
in hydro capacity, which could be harvested from over 30(pawered or underpowered dams.
Furthermore, 37% our system (5GW) is due for relicensing ly520When a dam is re-licensed,
Government decides whether to allow the dam to continueatipar or to demolish the dam.
Potentially, California could loose much of its hydro powapacity in the near future.

Hydro Power Plants will be affected by global warming. Cutigrihe snow pack serves as a
way to store water. If climate change results in preciptatoming down as rain instead of snow,
our dams will not be able to hold all of the watershed duriregrtiny season. Assuming a 3 deg C.
temperature rise over the next 100 years due to global wagrsitow levels will drop by 1500ft.
Foothill dams, which account for 2.3 GW capacity (20% of tbiadro) with 7 TWh of production
(19% of total), will be affected by global warming the mostisé, we will not be able to meet
future California water requirements without additionatfaoe water storage. With the onset of
global warming, California needs to re-think its dam and by&lectric system.



3.1 The Argument For Hydro

One of the main advantages to hydro power is that it is a ndliipw renewable resource. Another
main advantages to hydro power is that it has a comparatiastyamp up time (L0MW/min for a
hydro plant compared to 1-2MW/min for conventional thermahp), although newer dual cycle
natural gas turbine plants are faster. This means that gaitgrovide the flexibility needed to
meet the ever changing demand on the power grid and providsesohthe total operating reserve
requirement. For a hydro power plant, spinning the resezgeirement is 5%, while the reserve
requirement for a thermal site is 7%, indicating that hydropre reliable than thermal power.

Some hydro plants can perform double duty — pumping waten fawer to upper reservoirs
in off-peak hours and generating up to 2.8GW during peak$0Linis serves as a battery to store
un-used power on the grid. Hydro power is 85% efficient persphao there is a net loss of 25-
30% energy when pumping water back up (since each pumping ses some). As we have
to rely more and more on nature (like wind and solar) for pilong power, it becomes more and
more important to be able to control how much energy is avkalan the grid. Hydro provides
this means of control with its reliability and ability to seoenergy, and can be coupled with solar
and wind energy to provide customers with consistent rebnenergy.

3.2 The Argument Against Hydro

Although hydro does not produce any air pollution, hydrogdoleck miles and miles of spawning
and rearing habitat. This slows fish down or stops them dumigyation and allows reservoirs
to harbor predators that eat the fish as they migrate throAtgn, peaking power often leads to
salmon red strandings. Another concern is that dams inarttathabitat for amphibian species
such as frogs and salamanders, and this becomes a majomissuere-licensing foothill reser-
voirs. Dams have eliminated 95% of the original 6000 mile€enhtral Valley salmon & steelhead
habitat, reducing it to 300 milé's.

Hydro plants also necessitate long transmission lined)yesdre often far away from popula-

tion centers.

1US Fish & Wildlife, 1998



3.3 Other Hydro/Water Points

On hot summer days, California imports 6 GW of hydro power fraorthwest. Hoover dam alone
has a generating capacity of 626 MW (5% of the total hydro paapacity).

Water is essential to every aspect of life in California. Ehisrtremendous competition for
it. California constitution even prohibits the unreasoealde of water. It is important that we
manage our water resources carefully and consider whabevitlecessary to manage our water in
the future.



Chapter 4
Solar Photo Voltaic Power

Currently, California solar PV energy generation amountegs than 0.01% of the electrical power
production. If we installed a system comprising of solargdaion 1 million California rooftops (at
2.5KW per roof), the system would generate 5% of the totabgmimg capacity produce 4 TWh
per year (1.6% of annual consumption), and requifd@B gross investment. Solar is a nearly
inexhaustible resource. If we were to cover a 500 square anda (25mi by 25mi) with solar
panels, the resultant system would produce around 289,000 ger year and would meet Cali-
fornia’s electricity demand. This is assuming an averadly dalar radiance ot KW h/m?/day
for California (according to the Solar Energy Industry Asation) and al5% efficency for solar

panels.

289,000GWh , AKWh . 365days . 1GWh . (1609.349m
year m2day lyear — 1x106KWh

)2 % 15%) = 509.5mi*

1ms

However, the system would require 56 years of the world’arscéll supply at the 2007 world
wide rate of solar cell production. This is assuming the 2007d wide rate of solar cell produc-
tion is 3,500 MW per year and that the solar intensity is 1,8@fts per square meter along with

the previous assumptions.

1609.349m . 1000watts < 15% # 1MW year

)? *
1mi m?2 108watt  3,500M W

= 55.byears
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Also, covering 12% of Arizonas surface with solar cells prog sufficient electricity to cover US
consumption. This is based on an annual US energy consumgitibl,890 TWh, an average of
6 KW h/m?/day for Arizona, a15% efficency for solar panels, and an area205, 254 K'm? for



Arizona.
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The current demand for Solar PV panels is very high, and thidwade annual Solar PV panel
production capacity is continually increasing to meet it.

Not all solar systems are equivalent. A 2-axis tracking SBM panel will produce 40% more
energy than a fixed (roof) mounted panel per day. There is dengal to build more efficient
solar cells and more efficient solar systems to maximize iheust of energy captured.

4.1 The Argument For Solar

Residential Solar PV (Photo \Voltaic) systems are converiiectause they generate the power
where it is needed. Also, an added benefit of having the pamelse roof is that they shade the
roof, resulting in longer roof life time and cooler attic spa

4.2 The Argument Against Solar

Currently, Solar PV systems are expensive and without threcuincentives, residential Solar PV
is not cost effective. Also, peak solar PV generated powam(bcal time) does not coincide with
peak power demand (4pm), however the use of hydro (or pumydhgeneration can mitigate
this problem. Solar PV, by itself, cannot solely power Cahfa.

Demand for residential solar access can create neighlatiofribecause of the eye sore and
the tension over trees shading the panels. Also, not evargehis suitable for a solar PV system.
Roofs can be overshadowed by neighboring trees and housiestha wrong orientation for an
efficient system. Putting solar panels on residential h®isseot enough, and we need to consider
utility scale Solar PV sites with optimum solar access.



Chapter 5

Wind Power

The amount of energy generated annually by wind in 2005 wagWH (1.5% of annual con-
sumption) It is possible to profitably develop 26 TWH of windrgrated electricity per annum by
the year 2010 (approximately 10% of annual consumption)3n@wWh per annum by year 2030
by developing wind farms in 36 specific sites. The total pt&tifor wind generated energy is 59
TWh according to AWEA (American Wind Energy Association).

As of 2003, California has been at 2 GW production capacityL@years in a row. Only about
300 of that, though, has been built in the last three or foargjeincluding the large project here
in Solano County. If natural gas prices remain at $11-12/BTlveled to the burner, it will most
likely provide a boost to new wind power development. Winstaflations currently cost around
$1.6/1W. The biggest issue is permitting time and money. Wind ifetiah cost is not likely to
be reduced. In fact, it's trending up. This is not because &iStas, or anybody is doing a bad
job at manufacturing equipment. It is just the interconioectosts, the siting issues, the land cost,
everything has a cycle to it. In 2008, there is a three yeal ti@ae on critical components such as
blades.

One concern with wind is that it is hard to predict how muchceleity wind power will
produce at a given time (although wind is statistically pc&ble over longer periods of time if
given adequate data). This makes it difficult to sell wind pgwas wind can quickly go from 100%
capacity to 0% capacity, and this sort of unpredictabiktyot desirable for the grid. With a firm
contract (like a Power Purchase Agreement, or PPA), winéggion plants might get stuck in the
situation of not being able to produce what their PPA sayg kiaeve to, or they could have extra
power. With an intermittent contract, wind power plantsidoend up with electricity but no one
to sell it to. To help with this problem, backup generatiorstmrage (like pumped hydro) could

10



improve the economics of wind generation and help providenstant source of energy.

5.1 The Solano Project

The Solano Project was to build 90 Vestas 1.8MW turbines larf@County. To make everything
work, there are about 24 miles of access roads that had toilbeédomterconnect all of the wind
turbines and about 21 miles of underground 34.5 KV interection cable that take had to be in-
stalled to take the output from each of the turbines to thgeptsubstation. The project substation
is located immediately adjacent to a PG&E 230 KV line, whée power is stepped up and then
directly connected into that system.

Over the life of the project, the county will gener&tzt million in property taxes and the land
owner will generate aboui22 million in land lease. It took roughly 17 months to acquire th

appropriate permits.

5.2 Wind Technology

If you can make the cost for a longer blade increase lineaitly iespect to the length of the blade,
then wind farms will have lower costs per watt. The reasohas for a given blade length of
the area the blades sweep out is equatith The amount of energy produced is proportional to
the area the blades sweep out, so if cost is made directlyopropal to the length of the blade,
then the amount of energy produced is proportional to thergqaf the cost. The differential
between the square and the linear is the savings that conte®@anomies of scale. The tough
part is making the turbines reliable while holding the castease to only linear, and this challenge
involves material and design intelligence, intelligentirol, and so on.

Another challenge with wind technology is that the wind cenmegusts but wind turbines still
need to maintain a constant frequency in order to interfade tve grid. To solve this problem,
wind turbines do not connect the blades directly to the gutitstead interface through an elec-
tric transmission, so that when there is a gust the bladeglwdre essentially a 60,000 pound
flywheel) speed up slightly and then the additional speelbvlg converted into electrical energy

during times of low wind.

11



Chapter 6
Geothermal

Geothermal can cost as low $& 800 per installed KW andcent to7.5cent per KWh. Although
geothermal has a high initial cost, it is a renewable eneogyce with low fuel and maintenance
costs.

California has largest geothermal capacity in US, with theepital of more than 4000 MW
using current technology. In 2007, geothermal produce@BGWh, 4.4% of California’s total
production. There are 25 known geothermal locations in @ali&, 14 of which have temperatures
of over 300 degrees Fahrenheit, and theses sites have badopba into 43 plants with combined
capacity of 1,800 MW. There is over 2,800 MW of geothermalac#ty in the US, and over 8,200
MW in world.

Geothermal energy is not just limited to power plants, asesameas use the geothermal water
directly to heat buildings, producing 500 thermal MW fronmedit use. Also, some geothermal
plants inject waste water into the reservoir to supplemieatniatural recharge rate and increase

power output.

6.1 benefits

Geothermal plants are clean, completely renewable, teliabd can coexist in sensitive environ-
ments because they only emit steam. Geothermal plants caoibben places like the middle
of crops, forested recreation areas, fragile deserts,rapecal areas with minimal environmental
impact. To minimize their environmental impact, geothdrptants dump the waste heat into air,
not rivers or lakes like other thermal plants.

Also, the structure of geothermal plants is often modularthe plant can be developed and
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built over time.

6.2 Concerns

Although geothermal plants have few emissions, buildirag{d require drilling wells and making
roads out in wilderness and sensitive areas. Because gewtlativity often results in spectacular
natural phenomenas like geyser and places like Yellowstgaethermal power plants need to
coexist with and not disturb hot springs and other naturatlggrmal tourist attractions. Some
geothermal plants also produce solid waste, but it is oftessible to recover valuable minerals
from the waste.

There is a concern that taking lots of water out of the groumttithen re-injecting water back
into the ground might induce seismic activity. At The GeyiseCalifornia, they are experiencing
increased seismic activity, which might be related to tix@iste water injection system.

13



Chapter 7

Coal or Natural Gas Produced Electricity

(as a reference)

It's hard to beat coal for cost. The cost of production in 20@&s $9/M W h for coal vs$40 —
50/ MW h for natural gas.

New natural gas fired plants will require 1300 miles of traission lines, which will cost
about$6 billion, and that that’s just normal expansion planningwNmal plants should be located
near coal fields. They will have to add 7600 miles of new traasion lines, abou$16.7 billion,
but because of the low cost of coal, this is not out of the qomstlt is actually cost effective.

Renewables are somewhere in between the cost of gas and coal.

Cost per MBTU
Coal | Natural Gas

1997 $0.92 $2.71
1998 || $0.89 $2.34
1999 $0.82 $2.55
2000 | $0.81 $4.27
2001 || $0.82 $4.49
2002 || $0.83 $3.59
2003 || $0.81 $5.43
2004 | $0.88 $6.44
2005 || $1.01 $8.26
2006 || $1.04 $6.93
2007 $1.03 $7.12
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Chapter 8
Other Information

Transportation is California’s biggest source t6€),, while current electricity generation only
accounts for 16% of California’s totalO, output.
California also needs a new utility investment model, sometlike remote solar/wind with

net metering.
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Chapter 10
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