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Solar Energy

— Passive vs. Active

— High Temperature Solar Energy

— Photovoltaic Cells

Wind

Biomass and Fuel Cells

Hydropower, Tidal, and Geothermal Energy




Reducing Our Consumption
= Utilization Efficiencies

off and unplug appliances (TVs, printers,
computers) which are on standby.
Appliances on standby represent 25% of the
typical monthly electrical bill.
Putting a computer to sleep can save 90%
energy.
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Standby Energy Consumption
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Transportation Could Be More Efficient

would save consumers 25 billion dollars a year
and save more oil than the maximum expected

production from drilling in the Arctic National
Wildlife Refuge.

—In the 1970s, when ail prices rose, U.S. doubled
auto fuel efficiency reaching 25.9 mpg in 1988
but by 2004 it was down to 20.7 mpg,..

More Efficient Transport

Plug-in Hybrids Are Even More Efficient

we could capture pollutants easier at the plant.

You could buy a diesel. Honda currently sells a
diesel in the US that gets 62.8 mpg.

A diesel plug-in hybrid could make the U.S.
entirely independent from imported oil.
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Fuel-cell Vehicles Are Being Developed

— Most hydrogen is currently created from natural
gas, making it no cleaner or more efficient than
burning the gas directly.

Governments in U.S. and Europe are spending
billions on this.

Cogeneration Produces Electricity
and Heat

= Cogeneration

In 1900, half of electricity generated in U.S.
came from plants also providing industrial
steam or district heating.

—By 1970s, cogeneration had fallen to less
than 5% of power supplies.

Cogeneration Produces Electricity
and Heat

— Apartment-building-sized power generating units
are being built that use methane, diesel, or coal.
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Solar Energy

Solar Energy

= A Vast Resource

meter

Amount reaching the earth’s surface is
10,000 times more than all commercial
energy used annually

—Until recently, this energy source has been
too diffuse and low intensity to capitalize
for electricity.

Passive Solar
House is designed to heat cool depending on the season.
Winter: low sun angle = more light in house = warmer
Summer: high sun angle = less light = cooler

i\ Deciduous trees

Adobe or stone Triple-paned or i allow sun to enter
= walls and superwindows allow | inwinter and
g flagstone floor i light to enter directly partially block

£ used for heat when available g5 Into room and warm 8| sun in summer
torage walls and floor




Active Solar (Thermal)
Sun heats water pipes in black solar absorbers on the roof . The water is
ACTIVELY PUMPED to the house to distribute heat.
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Fig. 1: World PV Cell/Module Production from 1990 to 2007
{data source: PV News [Pvn 2008, Photon International [Pho 2008] and own
analysis
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Average Solar Radiation
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Solar Collectors Can Be Passive or Active

= Passive Solar Heat

- pump heat-absorbing medium
through a collector, rather than passively collecting
heat in a stationary object
— Water heating consumes 15% of U.S. domestic

energy budget. A flat panel of 5 m? can provide
hot water for an average family.

— China produces 80% of the solar water heaters
in the world.
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Small Scale
1Solar Cooker %
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El Dorado, Nevada, USA [10MW); Semp :

High Temperature Solar Energy

containing a heat-absorbing fluid.

— Small mirrors arranged in concentric rings
around a tall central tower track the sun and
focus light on a heat absorber on top of the
tower where molten salt is heated to drive a
steam-turbine electric generator.
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Solar Thermal Plants

10
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Figure 15-21
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Solar Energy

Worldwatch Institute estimates that US
deserts could produce 7000GW of solar
energy, nearly seven times the current US
electrical capacity from all sources.

Photovoltaic Cells

electrons from
parent atoms and
accelerating them
across a one-way
electrostatic
barrier.

Photovoltaic Cells

h furth arch )
2020 could be $.10 per kWh, making solar
competitive with fossil fuels.

At least 2 billion people now live without electricity.
This could be a solution to their problems.

12



House With Photovoltaic Roof Tiles

Invention of has allowed
production of lightweight, cheaper cells.

Roof tiles with photovoltaic cells can generate enough
electricity for a home.
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Promoting Renewable Energy Use
= Proposed Energy Conservation Policies:

— Distributional Surcharges

— Renewable

uppliers must get minimum percentage o
power from renewable sources.

Allows utilities to profit from conservation
programs and charge premium prices for
renewable energy

Smart Metering

Can instruct appliances to run when more cost-
effective (i.e., at night when consumption is lower)

13



PROS of Solar

CONS of Solar
a.

Hydroelectric Power

EriantiDam!

Hydropower

that hydroelectric only supplies 20% of

electrical generation.

— Norway uses hydropower for 99% of its
electricity supply.

— Untapped resources are abundant for

hydropower in Latin and Central America, Africa,

India, and China.
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Hydropower Dams Produce Clean Energy
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— Wildlife Losses

— Large-Scale Flooding due to Dam Failures
— Sedimentation

— Herbicide Contamination

— Evaporative Losses

— Nutrient Flow Retardation

Hydroelectric Power,

Gravity, pulls water,downhil §Water,spins a turbine}that turns a|
generator,to make electricity.

tricity)
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Unwanted Effects of Dams

parasitic fluke that lives in snails, which like the
slow-moving water behind dams

— Indigenous peoples lose their lands
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Dam Alternatives

= Low-Head Hydropower

= Run-of-River Flow

structure

- small versions designed
to supply power to single homes

Government subsidies for small scale hydropower
resulted in abuse of water resources, e.g.,
diverting small streams

16



Geothermal Energy

Deep wells for community geothermal systems are
being developed.

Heat from Earth’s crust is never exhausted.
Can reduce heating costs by one-half.
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Geothermal Energy
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Basement
heat pump

Horizontal earth loop

Tidal and Wave Energy

— Tidal Station

Requires a high tide/low-tide differential of
several meters

— Wave energy could meet local needs in coastal
areas of Scotland, Canada, South Africa,
Australia, and the US (Hawaii).
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© Ocean P Daiivery Lid

This snakelike machine points into waves and undula  tes up
and down; this action pumps fluid to hydraulic moto rs that
drive electrical generators, and cables carry power to

share
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Ocean Thermal Electric Conversion

— Cold water is then pumped from the depths to
condense the ammonia again.

— Need temperature differential of about 20° C
between warm upper layers and cooling water.

An option in western South Africa, the South

Pacific Islands, and Hawaii.

Getting Electrical Power Where It Is Needed

President Obama is proposing to spend $4.5 billion
to expand the power grid to accommodate these
new power sources.

These power lines may not be a welcome sight to
people in the rural areas they will pass through.
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A Renewable Energy Scenario for World

Energy Consumption 2030

Copyright © McGraw-Hill Education. All rights reserved. No reproduction
or distribution without the prior written consent of McGraw-Hill Education.

Geothermal, .
5% Biomass, 7%

Nuclear, 7%

Cogeneration, 32%

iTidal Energy,

sl gravity,from the
moon’and suns’

<3 Put turbines,with

ftm{in
water,to’sp

when the %

19



PROS of Hydroelectric Power:
a

b.
c.
d.

Altamont Pass

Wind Power

Gearbox
<100 8 10010 1000w I >1000Mw o 1000w 8 > ocoow [NIET TV I

generators,

Wind turbine
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This is five times the total current global electrical
generating capacity.

China is now the world leader in wind power
turbine production.

Wind turbines typically operate at 35% efficiency
under field conditions.

When conditions are favorable, electric prices
typically run as low as 3 cents / kWh.

20



Utilizing Wind Resources in the U.S.
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Wind Power Pros and Cons

Cons:

— intermittent source

— not enough wind everywhere

— bird mortality

— power lines needed to transmit the electricity

Wind Resources for the Continental U.S.

21
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Biomass

Useful biomass production estimated at 15-20
times the amount currently obtained from all
commercial energy sources.

Biomass resources include wood, wood chips,
bark, leaves, and starchy roots.
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Biofuel production
Thousand million litres per year

40
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We Can Burn Biomass

Even in rich countries, wood burning stoves are
becoming popular in response to rising oil prices.
The Danish islands of Samsg and Arg get about
% of their heating from agricultural wastes and
biomass crops.

Some utilities are installing flex-fuel boilers that
burn a mixture of coal and biomass.
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Figure 2. Ethanol Production, United States and Brazil,
1975-2006 :
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Methane From Biomass Is Clean
and Efficient

a nutrient-rich fertilizer.
—Methane is clean, efficient fuel
Municipal landfills contribute as much as
20% of annual output of methane to the
atmosphere. This could be burned for
electricity.

Anaerobic Production of Methane

ent of McGraw-Hil
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Methane

— Haubenschild dairy farm uses manure from 850
cows to generate all their electricity, along with
an excess. In January 2001, the farm saved 35
tons of coal, 1,200 gallons of propane, and
made $4,380 selling electricity.
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Biofuel Use On Campus

— The University of New Hampshire is working on
a plan to heat the campus by burning methane
from a nearby landfill.

— The University of Minnesota is using corn stalks
in a gasification plant to heat and cool the
campus and a wind turbine to generate most of
its electricity.

Ethanol & Biofuels Can Enhance
Fuel Supplies

rops with hig ybeans, rape
seed, sunflower, and palm oil can be used to
produce biodiesel fuel.

Some countries in Southeast Asia are creating
palm oil plantations for biodiesel production, but
forests are burned and habitats of endangered
animals are destroyed in the process.
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Possible New Biofuel Sources

yields are 3x greater than palm oil
plantations.

Unfortunately, trials elsewhere have shown

Jatropha water requirements, sensitivity to
pests, and lower-than-expected yield.
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Cellulosic Ethanol May Offer Hope

= Plants put the bulk of the energy they capture
from the sun into cellulose and hemicellulose,
both of which are made of long chains of simple
sugars which could be fermented into ethanol.

= Several pilot plants are currently under
construction in the U.S. which will use wheat

straw, switchgrass, wood chips, or almond hulls.

Cellulosic Ethanol May Offer Hope
(cont.)

Using corn or switchgrass to produce enough
ethanol to replace 20% of U.S. gasoline usage
would require % of all U.S. cropland.
Miscanthus could produce the same amount of

ethanol on one-half that acreage and can be
grown on marginal soils with less fertilizer.
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Could Algae Be A Hope For The Future?

They could be grown next to conventional power
plants where carbon dioxide from burning fossil
fuels could be captured and used for algae growth.
A coal-fired plant in Brazil has plans to implement
this technology in 2011 to reduce their carbon
emissions.

Some algae also produce hydrogen gas which
could be used in fuel cells.

15.7: Biomass
PROS:
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Geothermal Energy
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Cold water
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PROS of Geothermal Energy
a.

Temperatures in the Earth

Temperatures
in Fahrenheit

Increasing Efficiency in
Transportation

YOU KNOW WHAT I WiSH?
I WISH THERE WAS
SOME WAY TO CUT THE AMOUNT
I PAY FOR GAS IN HALF.

L 1S STICL
ENTY CHEAP.

rgy Efficiency in Transportation

Energy Use (thousands of
Btu per passenger mile)

General aviation

Commercial
aviation

Personal truck

Automabile
Motorcycle

AMTRAK railroad

Intercity
high-speed train

Intercity bus
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. California law required the building of a zero-emissions
vehicle, so corporate priorities changed, the Ultralite concept
was shelved

S S e S SR -

California law changed again and corporate priorities
changed again, and the EV1’s were recalled and crushed.

KY|
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Average
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Fleet Average Pollution Scores by Manufacturer - 2007

Scores are proportional to average per-mile emissions of smog and global warming
pollution. Lower scores indicate less pollution.

Fuel Cells

more fuel for the chemical reaction.

Provides both electricity and water on space shuttle
flights.
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Strips an electron
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— Electrons pass through
external circuit, and
generate electrical
current.

— Hydrogen ion passes
to cathode where it is
united with oxygen to
form water.

Fuel Cells

gas is explosive) to strip hydrogen from other
fuels. Oxygen comes from air.

— Fuel cells run on pure oxygen and hydrogen,

and produce no waste products except

drinkable water and radiant heat.

releases some pollutants, but far
below conventional fuel levels.

Fuel Cells

a . ATUue e ACK a

provide all the electricity for a home would be
about the size of a refrigerator.

— Tiny fuel cells running on methanol could be

used in cell phones, toys, etc., instead of
batteries.
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Stationary Fuel Cell System

15.8: Hydrogen Fuel Cells
PROS:
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