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hale and Tar Sands

Trade-Offs

Heavy Oils from Oil Shale
and Oil Sand

Advantages Disadvantages

Moderate cost R High cost (oil shale)
(oil sand) R

Low net energy
yield

Large potential

supplies, especially

oil sands in Canada Large amount of
water needed for
processing

Easily transported &= Severe land
within and Ie— disruption from
between ) surface mining
countries

Water pollution
| from mining
residues
Efficient
distribution
system in place
Air polluticn
when burned

Technology is well CO, emissions
developed when burned
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Natural Gas

| 4
5

Ample supplies
(125 years)

High net energy
yield

Low cost (with
huge subsidies)

Less air pollution
than other
fossil fuels

Lower CO,
emissions than
other fossil fuels

Moderate environ-

mental impact

Easily transported
by pipeline

Low land use

Good fuel for
fuel cells and
gas turbines

Disadvantages

Nonrenewable
resource

Releases CO,
when burned

Methane

(a greenhouse
gas) can leak

from pipelines

Difficult to transfer
from one country
to another

Shipped across
ocean as highly
explosive LNG

Sometimes
burned off and
wasted at wells
because of low
price

Requires pipelines
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coal: Trad E'Offs ( Advantages

Ample supplies
(225-900 years)

High net energy
yield

Low cost (with
huge subsidies)

Mining and
combustion
technology
well-developed

Air pollution can
be reduced with
improved
technology (but
adds to cost)
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Disadvantages

Very high
environmental
impact

Severe land
disturbance, air
pollution, and
water pollution

High land use
(including mining)

Severe threat to
human health

emissions
when burned

Releases
radioactive
particles and toxic
mercury into air
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lear Energy

Uranium fuel input
(reactor core)

Containment shell

Waste heat Electrical power
Emergency core
Cooling system \

Useful ener:
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Water source
(river, lake, ocean)
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Periodic removal Periodic removal
and storage of and storage of
radioactive wastes radioactive liquid wastes
and spent fuel assemblies




Conventional Nuclear Power

Trad-offs

Trade-Offs

Conventional Nuclear Fuel Cycle

Advantages

Large fuel
supply

Low
environmental
impact (without
accidents)

Emits 1/6 as muc
CO, as coal

Moderate land
disruption and
water pollution
(without
accidents)

Moderate
land use

Low risk of
accidents
because of
multiple

safety systems
(except in 35
poorly designed

hm’

and run reactors §

in former Soviet
Union and
gastern Europe)

Disadvantages

High cost even with
large subsidies

Low net energy yield

High envircnmental
impact (with major
accidents)

Catastrophic
accidents can
happen (Chernobyl)

No widely
acceptable solution
for long-term storage
of radioactive
wastes and
decommissioning
worn-out plants

Subject to terrorist
attacks

Spreads knowledge
and technology for
building nuclear
weapons
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April 26, 1986
One of four reactors e

31 immediate deaths.
116,000 people evacuated.
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rid and Fuel Cell Cars

Body attachments
Mechanical locks that secure
the body to the chassis
Air system Universal docking connection
management Connects the chassis with the
drive-by-wire system in the body
Fuel-cell stack
Converts hydrogen

fuel into electricity, Rear crush zone
—

Absorbs crash energy

Drive-by-wire
system controls

Cabin heating unit

Side mounted radiators
Release heat generated by the fuel cell
vehicle electronics, and wheel motors

Hydrogen

Front crush zone fuel tanks

Absorbs crash energy

/
Electric wheel motors
Provide four-wheel drive;
have built-in brakes
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Producing Electricity
from Moving Water”>
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Advantages

Moderate to high
net energy

High efficiency
(80%)

Large untapped
potential

Low-cost electricity
Long life span

No COQ

emissions

during operation
in temperate areas

May provide flood
control below dam

Provides water
for year-round
irrigation of
cropland

Reservoir is

useful for fishing
and recreation
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Large-Scale Hydropower

Disadvantages

High construction
costs

High environmental
impact from flooding
land to form a
reservoir

High CO, emissions
from biomass decay
in shallow tropical
reservoirs

Floods natural areas
behind dam

Converts land habitat
to lake habitat

Danger of collapse

Uproots people

Decreases fish
harvest below dam

Decreases flow of
natural fertilizer (silt)
to land below dam




ucing Energy from Biomass

Solid Biomass Fuels
Wood logs and pellets
Charcoal

Agricultural waste
(stalks and other plant debris)

Timbering wastes :
(branches, treetops, and wood chips)

Animal wastes (dung)
Aquatic plants (kelp and water hyacinths)

Urban wastes (paper, cardboard,
and other combustible materials)

Conversion to gaseous
and liquid biofuels

Direct burning

Gaseous Biofuels Liquid Biofuels

Synthetic natural gas Ethanol
(biogas) Methanol
Wood gas Gasohol
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Geothermal Energy

r

Geothermal Energy )
Advantages Disadvantages

Very high efficiency
Moderate net
energy at
accessible sites
Lower CO,
emissions than
fossil fuels

Low cost at
favorable sites

Low land use
Low land disturbance

Moderate
environmental impact
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Scarcity of
suitable sites

Depleted if used
too rapidly

CO, emissions

Moderate to high
local air pollution

Noise and odor
(H»S)

Cost too high
except at the most
concentrated and
accessible sources
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