Larger Wind turbines

» China, Ger many, Spain, the United States, I ndia,
and Denmark have madethe largest investments
In wind generated electricity



http://upload.wikimedia.org/wikipedia/commons/f/f6/Aralvaimozhy_station.jpg
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Smaller Wind turbine

» This rooftop-mounted urban wind turbine charges a 12

volt battery and runsvarious 12 volt appliances within
the building on which it isinstalled.
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How much doeswind energy cost?

» Over thelast 20 years, the cost of electricity from utility-
scale wind systems has dropped by morethan 80%.

»In the early 1980s, when the first utility-scale turbines
wer e installed, wind-generated electricity cost as much
as 30 cents per kilowatt-hour.

» Now, state-of-the-art wind power plantscan generate
electricity for lessthan 5 cents/kWh with the Production
Tax Credit in many partsof theU.S,, apricethat is
competitive with new coal- or gas-fired power plants.
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Sustainable Energy Technologies

Geothermal Energy
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Earth

» Heat flows outward from Earth'sinterior. The crust
Insulatesusfrom Earth'sinterior heat. The mantleis
semi-molten, the outer coreisliquid and theinner core
IS solid.

The Earth

Crust .

Mantle—__ [

Outer core

Inner core
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Heat and Depth

» The deeper you go, the hotter it gets (in Fahrenheit and

miles).

Temperatures in the Earth

Temperatures Depth in
in Fahrenheit & miles
1,250

7,200° | 2,500

9,000
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L ava

» Thinned or fractured crust allows magmato riseto the
surface aslava. M ost magma doesn't reach the surface
but heatslargeregionsof underground rock.



http://geothermal.marin.org/GEOpresentation/sld009.htm
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Rain Water

» Rainwater can seep down faults and fractured rocks for
miles. After being heated, it can return to the surface as
steam or h
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Steaming ground in the Philippines
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Steam/H ot water

»When hot water and steam reach the surface, they can
form fumaroles, hot springs, mud pots and other
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Geother mal Reservolir

»When therising hot water and steam istrapped in
permeable and porousrocks under alayer of

Impermeablerock, it can form a geother mal reservoir
Geothermal Reservoir P
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Hottest known areas

» M any ar eas have accessible geother mal resour ces,
especially countries along the circum-Pacific " Ring of
Fire," spreading centers, continental rift zones and
other hot spots.

Hottest Known Geothermal Regions
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Exploration

» Geologists explore volcanic regions to find the most
likely areasfor further study, like this steaming hillside
In El Hoyo, Nicaragua (Central America



http://geothermal.marin.org/GEOpresentation/sld020.htm
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Exploration

chemical and seismic

» Data from electrical, magnetic
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http://geothermal.marin.org/GEOpresentation/sld024.htm

Exploration

> First, a small- diameter " temperature gradient hole" is
drilled (some only 200" deep, some over 4000 feet deep)
with atruck-mounted rig to deter mine the temper atures
and underground rock types
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Temperature Profile

» Temperatureresultslike thiswould definitely encourage
thedrilling of alarger, deeper well totry tofind a
hydrothermal reservoir

Temperature Gradient Data
'C 50" 100" 150" 200° 250°

Depth in Ft D=z i il e ismi| =t i =] l
500 | Typical gradient
|
1000 —
1500 - Example of core
hole gradient in
2000 - geothermal area
2500 —
Bottom hole
200 \ temperature
\ 265°C (509°F
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Exploration

» Production-sized wellsrequirelargedrill rigslike these
and can cost as much asa million dollarsor moreto
drill. Geothermal wells can bedrilled over two miles
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Well test

» This photograph shows a vertical geothermal well test in
the Nevada Desert.



http://geothermal.marin.org/GEOpresentation/sld036.htm
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Operating Principle

» Natural steam from the production wells power the
turbine generator.

» The steam is condensed by evaporation in the cooling
tower and pumped down an injection well to su sustaln
production

Production Well Injection Well


http://geothermal.marin.org/GEOpresentation/sld038.htm
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Turbine Generator

» Likeall steam turbine generators, the force of steam is

used to spin thetrubine blades which spin the generator,
producing electricity.

Turbine Generator
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Power Station

» Turbine generator outdoors at an Imperial Valley
geother mal power plant in California.
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No Pollution

» Those white plumes you see at geother mal power plants
are steam (water vapor). Geothermal plantsdo not burn
fuel or produce smoke.

have no smoky
emissions.
They emit
water vapor.
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http://geothermal.marin.org/GEOpresentation/sld046.htm

Environmental Friendly

» Geothermal power plantsare clean and are operating
successfully in sensitive environments.

Easy on the Environment

Geothermal power plants have been built:

* In the middle of crops

* In forested recreation areas
* In fragile deserts

* In tropical forests



http://geothermal.marin.org/GEOpresentation/sld047.htm
http://geothermal.marin.org/GEOpresentation/sld047.htm
http://geothermal.marin.org/GEOpresentation/sld047.htm

More Friendlier

» These geother mal plants are operating successfully in a
Philippine cornfield, at Mammoth Lakes, Calif., in the
Mojave Desert of California, and in atropical forest, at

s
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L argest Plant

» Thefirst geothermal power plantsin the U.S. were built
INn 1962 at The Geysersdry steam field, in northern
California. It is still the largest producing geother mal
field in the world.
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Growth in USA

» Thefastest growth in US geothermal capacity was from 1980 to
1990, following enactment of federal laws that compelled utilities
to purchase electricity from independent power producers

Growth in U.S. Geothermal Power

MWe
3000

2500

Over 2,800 megawatts of electricity from
geothermal power plants are supplying
about 4 million people in the U.S. 2000

1500
1000

O | 1
Year 1970 1980 1990 2000
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Worldwide Geother mal

» People who livein these areas are receiving electricity
from geothermal power plants

Geothermal Power Plants
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Worldwide

» Geothermal power could serve 100% of the electrical needs of 39
countries (over 620,000,000 people) in Africa, Central/ South
America and the Pacific. See:
www.geother m.or g/PotentialReport.htm

Countries Generating Electricity with
Geothermal Resources

Australia Indonesia Portugal (Azores)
China Italy Russia (Kamchatka)
Costa Rica Japan Taiwan

El Salvador Kenya Thailand

Ethiopia Mexico Tibet

France (Guadeloupe) New Zealand Turkey

Guatemala Nicaragua United States
Iceland Philippines Zambia

...and geothermal power plants are planned in several

e other countries
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History

» This historical drawing depicts Native Americans using
hot springs at what isnow Calistoga, California. Some
tribes considered hot springsto be neutral territory
wherenowarswereallowed.

A\
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Modern World

» M odern day Beppu, Japan uses geother mal water and
heat in buildings and factories and has 4,000 hot springs
and bathing facilitiesthat attract 12 million tourists a
year. ; ey o i
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Geothermal Station in I celand
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In Food Industry

» Geothermal water isalso used for industrial uses, like
drying lumber or food products. This plant in Brady,
Nevada, providesdried onionsto Burger Kin

:lllll I 'lllmumm

'L e ) P
LY S A A L e \ ~‘ Sagv .' T
\ “‘:\ \ \l \\\ ‘\ b\ .- .‘.> N ) SR . '-‘ 'i\‘. SAAN
\ X0 oA st AN S L NAN
\ NN LR . E \ NS

\\{ \ \\

N e R SN
SRR, “<\‘\ NN 207 R
5 Rt A SRR
|Worteti Zinst COMMERCIAL sl
S NN
FOOD DEHY
N PLANT Fobians
SO O\
RATED WITH GEOTHERMAL ENERGY A
SC HC[ULEL/ FOR OPERATION SEPT. 1978  \NNNN NNNNRRN
FINANCING BY RRE AR \
‘\L“‘\Dl\ NAT IOI\AL BANK v \\“\\‘-.‘J.\\\:\\\\\: W\
WELLS FARGO. NA. e NN AN -‘:\\‘\\\\
" PROCESSORS NN N NNANNNN NN
e U.S. DEPARI \1F\T o ENERGY \\\\.\w“\\‘ \\‘\ N\ \—
R RERRRRRAN
NN .\ .1~’ - Y “ ..
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Direct Heating too!

» Thefirst geothermal district heating system in the US
was built in Boise, Idaho. Today, Boise's capital and city
buildingsare hegted with ageothermal district heatlng
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Greenhouses

» Peppers, tomatoes, and flower s are commonly grown in
geother maIIy heated greenhouses
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Cleaning Up our Alir

Each year 22 million tons of carbon dioxide,
200 thousand tons of nitrogen oxides

and 110 thousand tons of particulate matter
are not emitted to the atmosphere because
we used electricity from geothermal resource
rather than burning fossil fuels.

77


http://geothermal.marin.org/GEOpresentation/sld121.htm
http://geothermal.marin.org/GEOpresentation/sld121.htm



http://www.asu.edu/
http://www.asu.edu/

Types of ocean energy

Ocean Thermal Energy Conversion
Tidal Power
Wave Power
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OCEAN Thermal Energy
Conversion (OTEC)

OTEC usesthe heat energy stored in the Earth'soceansto
generate electricity.

» OTEC works best when the temper atur e differ ence between the
warmer, top layer of the ocean and the colder, deep ocean water is
about 20 °C (36°F).

» These conditions exist in tropical coastal areas.

» Tobring the cold water to the surface, OTEC plantsrequirean
expensive, large diameter intake pipe, which is submerged a mile
or moreinto the ocean's depths.

» Some ener gy experts believethat if it could become cost-
competitive with conventional power technologies, OTEC could
produce billions of watts of electrical power.
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Temperature Profile of Ocean

»UNLIKE OTHER
RENEWABLE
ENERGY SOURCES,
OTEC COULD SERVE
WELL AS A BASE-
POWER.

LATITUDE © 12°00

. LONGITUDE : 81°00
(1 (COURTESY, NIO, GOA)
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OTEC Video

> http://www.oceanener gycouncil.com/

http://www.oceanenergycouncil.com/ocean-
energy/otec-energy/
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OTEC Technologies
Closed-Cycle

» These systems use fluid with alow-boiling point, such as
ammonia, to rotate aturbineto generate electricity.

»Warm surface seawater is pumped through a heat
exchanger wherethe low-boiling-point fluid is
vaporized.

» The expanding vapor turnsthe turbo-generator.

» Cold deep-seawater pumped through a second heat
exchanger condensesthe vapor back into a liquid, which
ISthen recycled through the system.

=
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Closed-Cycle OTEC

»1n 1979, the Natural Energy Laboratory and several
private-sector partnersdeveloped the mini OTEC
experiment, which achieved thefirst successful at-sea
production of net electrical power from closed-cycle
OTEC.

» The mini OTEC vessal was moored 1.5 miles (2.4 km) off
the Hawaiian coast and produced enough net electricity
to illuminatethe snip'slight bulbs and run its computers
and televisions.

»1n 1999, the Natural Energy Laboratory tested a 250-
KW pilot OTEC closed- cycle plant (thelargest plant)
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OTEC Technologies

Open-Cycle
» When tropical ocean’s warm surface seawater is placed

In a low-pressure container, it bolls.

» The expanding steam drives a low-pressure turbine
attached to an eectrical generator.

» The steam, which has left its salt behind in the low-
pressur e container, isalmost pure fresh water.

> |t iscondensed back into a liquid by exposure to cold
temperatures from deep-ocean water .
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