Renewable Energy
Sources



In the last 100 years, the Earth
warmed up by ~1° C
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Can we predict the past?

Climate change due
to natural causes
(solar variations,
volcanoes, etc.)

Temperature anomalies (“C)
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CO, Concentration, Temperature, and Sea Level
Continue to Rise Long after Emissions are Reduced

Sea-level rise due to ice
P melting: several millennia

Sea-level rise due to
thermal expansion:
centuries to millennia

CGO, emissions peak
0 to 100 years

CO, stabilization:
100 to 300 years

TOda)f 1,000 years
100 years



The possibility / likelihood of
global warming is disturbing ...



Consumption of Energy Increased by 85%
Between 1970 and 1999




World production of oil and gas is
predicted to peak within 10 - 40 years

OIL AND GAS LIQUIDS
2004 Scenario
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Figure 4. Electricity generation by fuel, 1970-2025
(billion kilowatthours)
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U.S. Electric Power Generation by Fuel Type - Years 1975 and 2004

c . Conventianal ar
Electrical generation Hydroelectric Pt 1978

15 6% -

Muclear
9 0%

Switch from petroleum to coal
and natural gas

Why has hydroelectric Natural Gas
. 15.6% Patralaum
declined? 15 1%
Conventional Sthar
) Hydrur;:l_nlz_ctric: 1 5%
When did nuclear go up? 7.0%

Muclear

Matural Gas
163r:"u Fefr¢|Eum

3.0%




Estimates of depletable energy resources in the U.S.

Numbers = how long it would last if all energy came from one source

Resource recoverable
Coal 125
Petroleum 5
Natural gas 5
Oil shale 0
Conventional reactors 3
Breeder reactors 115
Fusion
Geothermal surface 0.2
deep rock 0

recoverable and hoped for
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Estimates of renewable energy

Numbers = proportion of current U.S. energy needs that could be supplied for
an indefinite period.

Tidal energy 0.1
Organic Waste 0.1
Photosynthesis 0.23
Hydropower 0.14
Wind Power 5

Solar radiation 740



Today: Production Cost of Electricity

(in the U.S. In 2002)
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Energy Costs
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Potential Sources of Energy when
Fossil Fuels Run Out
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Nuclear Proliferation
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10 TW = 10,000 new 1 GW
.

7 reactors: i.e., a hew
reactor every other day for
the next 50 years



Solar, Wind and Water

% We do not know how to store eIectrlcaI

energy on a masswe scale
T




Geothermal

Heat near surface of
the earth = geysers,
volcanoes, hot
springs




Solar to Chemical Energy
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Energy gained in corn
ethanol production

Wang et al., 1997

Shapouri et al., 2002

Patzek, 2004

Berthiaume et al., 2001

Pimentel, 2003
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Total CO, emissions
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From Summary of Renewable Fuel
Options (NCEP)

“Unlike corn ethanol, cellulosic ethanol has
potential to achieve near-zero net carbon
emissions.

Cultivation of cellulosic feedstocks requires
very low energy inputs and, if sustainably
managed, the carbon released during fuel
combustion is reabsorbed by the growth of
new feedstocks.”



Geothermal Energy in More Detalls

Binary Cycle Power Plant

Generator Turbine

Power

Use heat to make steam to turn
turbine for electrical generation >
The Geysers, Calistoga, CA

Note: deep hot waters are Photo credit: National Renewable

corrosive to best to inject clean
water in a closed system and bring
it back to the surface as steam.

Energy Laboratory



Federal lands, lower 48 States, with geothermal resouree potentiol of 60 or greater ¥

In U.S., much done on
public land = cheap

re heat [low m

Very little potential in east
and mid west
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EURAZIAN

World wide distribution of Japan, Iceland,New Zealand
volcanos, hot springs, etc. big users of geothermal.



How do People in
Iceland Heat Their
Homes?
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Cross Section of the Earth

Crust
Mantle

Outer Core

Iron Core

\ P—
1700 miles

<4300 miles —>
& 7900 miles ——>

Although hot areas near surface are limited, the earth is hot
everywhere if you go down far enough.



borehole-

heat exchangers
0 km .'I

-+
AFK

heat extraction
from ambient
rock formation

hydrothermal
systems

from thermal
groundwater

Hot-Dry Rock

water circulation
through stimulated
fractured rock

process
heat
and
power

Bright idea!? — drill deep enough to find heat. Since rock is a poor conductor of
heat, set off a big bomb to crack the rock and allow heat to move — then pump

down water to make steam.



Hydropower in More Detalls




Hydropower = dams

Not much used in world,
why??

T

KHgure 7 3: Hydropower - world gross theoreticaltechnically exploitable
capahility and 1999 generation (all schemes)

Grosz theoretical Technically 1992 Feneration
capability (TWh'yt) exploitahle capahility {TWh}
{(TWh'yt)




Almost all mega-dams are being Do Z

built in countries with less than o More than half of the
50% dependence on hydropower i S £ 55 world's 36,000 dams
as a source of electricity. Vel : £l are located in China
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Electric Utility Hydroelectric Net Generation by State
{January - December 19585
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ElA, Annual Energy Revlew 199, July 1995, Table 11.20,
Hydropower provides 19% of the workd-wide generation
of electricity (1992}
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Hydroelectric Installed capacity , megawatts (1990)
Il over 60,000 15,000 - 30,000 [] 5,000 - 1,000 [] none

B 30,000 - 60,000 5,000 - 15,000 ] 1,000 - 1

Most unused hydropower in U.S. = Alaska,

In World = Canada, Russia



Problems with hydroelectric

L ocation = unused rivers are In extreme
north or low population areas

Competition with recreational uses (U.S.)
and environmental concerns

Hard to build dams in populated river
valleys

Siltation of dams — limited life.



Tidal Power

1. In areas of large tides

2. Anywhere — build
offshore dam

TIDE COMING IN

This tidal electricity generation works as

TIDE GOING OUT




Saint 7}:mn River

. New Brunswick 7

Highest tides in the
world = Bay of Fundy
16 meters = 48+ feet!
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Tidal power anywhere

1. No dam — but a turbine.

Problems:
1. Corrosion
Navigation

Appearance

r WD

Amount of energy available
IS low

5. Best tides are near poles —
away from people.




Wind Power in More Detalls

Banning Pass



Wind Power Generation
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United States - Wind Resource Map
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Best wind location = Aleutian Islands,
why no wind development there?


http://www.nrel.gov/wind/images/wherewind800.jpg

wind Energy Wind Power

wWind Power Class Resource Potential Dens[»%?ntz]so m

Best U.S. localities
Midwest, mountains

And coastal areas.




Wind Resource Areas

In California
Source: CEC, WPRS 2003

Solano
165 MW

Attamont Pass
562 MW

Pacheco Pass
16 MW

Tehachapi Ranges
710 MW
San Diego
4 MW




NEEHER
coastal
development





http://www.power-technology.com/projects/blyth/index.html

Wind energy problems

Location — near population center
Bird migration —
Visual

Must be coupled with other sources of
electricity (intermittent supply)



Solar Energy in More Detalils

1. Solar Thermal
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fsecond
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| point \ Y 4 heliostats

At focal point = heat liquid — steam
to turn turbine



Application to Power Plant

Solar field 0il expansion
= e vessel
Py 3 "i—."‘-i“\-__r_- -
—~

Hot oil loop

Cooling tower

cooling water loop




Solar Resource for a Concentrating
Collector

Whrisq m per day
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Solar resource for a concentrating collector




Big Plants

World's largest concentrating solar thermal power stations

Capacity Technology Name Country

(M) type [ o Location Notes [+

parabolic solar Energy = o hojave desert |Collection of 9

354
trough (senerating Systems Califarnia units

Martin Mext near

E ted
Generation Solar B= SA | Indiantown, Fpecte

Late 2010

parabolic
trnugh[E”

Energy Center 5] Flarida

parabolic Mevada Solar One = SA, ST
trough Mevada

Completed
Andasal 1 e Spain |Granada Mavember
2003

parabolic
trough

salar power F=20 solar power —_—c | coille Completed
towver tower - April 20039

Europe's first
— . o
= Spaln commercial

salar tower

solar power F=10 salar power
tovweer towver




2. Solar Photovoltaics

Federal lands, lower 48 States, with solar pholovoltaic resource potential of 5 or greater

Avea within Federal lands
with a solar photovolme

resoiirce potential of 5 or
greater

Area nol on Federal lands
[] with a solar phetovoltaic
resoiiree potential of 5 o
greater
Lancls wndler Federal
management

Compared to other renewables, solar
photovoltale electnc gensration 13
dispersed and oceurs in small amounts
at each site. Currently, there 13 no
mwentory of solar photoveltaie facilibes
by localion.

% of solar photovoltaic resource

areas classified 3 or greater that are [ 27

lerzanesd on Fedaral lands

% of Federal lands with solar

Y-

photovoltaie resource potential
of 5 or greater

Ratings are in units of
EWh per meter squared
per day, Areas with
ratings of 5 or higher have
lugh potential for energy
EE]'I.ETR“D]'I 1EMg F.frlﬂ]'
phetoveltaic technology

Source of solar photoveltaic
resource polential measures:
.5 DOE
Mational Renewable Energy
Laboratory




‘hard’ vs ‘soft’ energy paths

1. Big plants 1. Decentralized
2. Centralized production 2. units per household



Big Plants



http://en.wikipedia.org/wiki/File:Nellis_AFB_Solar_panels.jpg

Decentralized

Energy efficient house; wind
power on roof. Solar panels
for heat and electricity.




Solar electricity generation



OM System Roof Duct

Control Unit
Glass-Covered Heat- Solar Cell

Absorbing Surface Panels
(Optional)

Heat-Collecting
b Air Layer

L Qutdoor Air

¥
:
..
E
i
Wa
FH
=
-3
-

FEam R T

Solar water heating solar air heating



Solar house problems

 The Los Angeles air = smog
* Retrofitting- very expensive
« Hard for big hotels, Walmarts, etc.



Solar house economics

« Add $16,000 to price of house
« Pay back - $1500 per year in energy costs
» 15 years to break even

Federal tax incentive; 40% of investment can be written off. Discontinued in
1986



