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Chapter 7 Energy from Alternative Sources
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 How much energy is used in the world?

« What is radioactivity, and what are some applications for radioactive elements in energy
production?

 How do nuclear power plants produce electricity, and what are their environmental impacts relative
to fossil-fuel power plants?

* What is solar energy?

« What are other types of renewable energy sources, and how are they assessed in terms of
environmental impacts?

©Radis Images/Corbis
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Chapter 7 video

Where Does Your Energy Come From?

Watch the chapter opening video. Then, visit the

U.S. Energy Information Administration’s website

to find a state-by-state comparison of energy

production and consumption.

a. Choose one state or territory and select it on
the map. Scroll down to look at the information
provided. From which sources does this state
or territory get the energy that it consumes?
What types of energy sources are used to
produce energy in this state? How do these
sources differ?

b. Choose a second state and make a comparison
with the state you chose in part a.

c. Of all the sources of energy you found in parts
a and b, which are derived from fossil fuels?
Which are not? This chapter will explore energy
sources that are alternatives to fossil fuels.

©Mount Airy Films/Shutterstock.com


http://www.acs.org/content/acs/en/education/resources/undergraduate/chemistryincontext/interactives/energy-from-alternative-sources/chapter-opening.html

Sources of Electricity in US
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» Electricity generation is driven by the availability of natural resources.

Source: U.S. Energy Administration, International Energy Outlook 2017.



Sources of Electricity in Korea

(GWh) _
OuxEE 2EE H2 A

aln

)

500,000

500,000
400,000
300,000
200,000
100,000
0

2010 201 2012 2013 2014 2015 2016 2017

HENAEE -0 ESEERRER R UGS

2013 2019

Nuclear Coal LNG Renewable Oil Water Others
2022 (%) 29.6 32.5 27.5 8.9 0.3 0.6 0.5
2018 (%) 23.4 41.9 26.8 6.2 1.0 0.7 0
2013 (%) 26.8 38.9 24.7 2.8 29 0.8 3.1
2009 (%) 341 447 15.0 1.1 29 0.7 1.5

XN EAMEIA | e-LE2tK] 2 (index.qo.kr)



https://www.index.go.kr/unity/potal/main/EachDtlPageDetail.do?idx_cd=1339

Nuclear Fission

Nuclear fission is the splitting of a large nucleus into smaller ones with the
release of energy.

Why?

Energy is released because the total mass of products is slightly less than total
mass of reactants.

This 'missing' mass (about 0.1 percent of the original mass) has been converted
into energy according to Einstein's famous equation:

E = mc?

energy mass speed of light
(2.99 x 10 m/s)



How Much Energy Is Released?

E = Amc*

For the fission of 1.0 kg of U-235, the mass of products is
0.1% less than the original U-235. Therefore,
Am =1x10"kg

E=(1.0x10"kg)(3x10°m/s)’

E=(1.0x10"kg)(9.0x10"m" /s*)
E =9.0x103¥kgm?/s? =9.0 x 1013
(recall: 1 kg m?s™2 = 1 joule)

This is equivalent to 22,000 tons (2x10’kg) of the explosive TNT!

It is possible to obtain a tremendous amount of energy from a very small amount
of matter traveling at the speed of light, whether in a power plant or in a weapon.

Library of Congress Prints & Photographs Division [LC-USZ62-36452]



Isotopes

Use both mass number and atomic number for isotopes. For instance, U-238
is written as:

Mass # (neutrons + protons)

238U For a neutral atom:

92
# protons = # electrons

Atomic # (protons)

Table 71 Comparing Isotopes of Uranium

Number of Atomic Mass Number of Atomic
Name Protons Number Number Neutrons Symbol
Uranium-235 92 92 235 235 — 92 = 143 2l
Uranium-238 92 92 238 238 — 92 = 146 225

Isotopes and atomic mass



https://phet.colorado.edu/sims/html/isotopes-and-atomic-mass/latest/isotopes-and-atomic-mass_en.html

Isotope Practice

For the isotope lézX, what is the element X?

.12
How many protons, neutrons, and electrons in C?

How many protons, neutrons, and electrons in f; C1?



Nuclear Reactions

Nuclear fission is initiated by neutrons:
1 235 236 141 92 1
on+ U | U |- '§Ba+ 3 Kr+3n

For nuclear equations, the superscripts and subscripts on both sides of the arrow
must add up to the same total:

Left Right

Superscripts: 1+ 235=236 141 4+ 92+ (3x 1)= 236




Chain Reactions

Nuclear fission is initiated by neutrons:

1 235 236 141 92 1
o 92U—>[ 92U]—) <Ba+  Kr+3 n

1 neutron 3 neutrons

« Each of the generated neutrons can one —> %
initiate the fission of U-235, which U
will generate another 3 neutrons,
and so on.

* The critical mass of U-235 is 15 kg
(33 Ib).

Chain Reactions - American Chemical Society (acs.orq)



https://www.acs.org/education/resources/undergraduate/chemistryincontext/interactives/energy-from-alternative-sources/chain-reactions.html

The Nuclear Test “Turk”

1955 Navada, more than five times than the bomb at Hiroshima



Nuclear Power

A nuclear reactor is a device in which nuclear
chain reactions are initiated, controlled, and
sustained at a steady rate (as opposed to a
nuclear explosion, where the chain reaction
occurs in a split second).

© Larry Lee Photography/Getty Images



The Uranium Fuel Source

8

Nuclear fuel

Fuel rod Fuel assembly

The uranium fuel in the reactor core is These pellets are placed end-to-end in tubes
uranium(lV) oxide, UO,, comparable in height composed of an alloy of zirconium and other metals,
to the diameter of a U.S. dime. which are grouped into stainless steel-clad bundles.

©McGraw-Hill Education. C.P. Hammond, photographer; ©Toby Talbot/AP Images



Nuclear versus Conventional Power Plants

Containment structure
Steam —»=

Turbine g

Control rods Steam —>~

Cooling
tower

Primary Generator
coolant

Electricity
Condenser

Warm water —>

Condenser

_ =— Cooling water

— Pump
l Pump

Condensate

Reactor Pump Steam
vessel generator

" Secondary

S coolant
Pump

Nuclear Power Plant Fossil Fuel Power Plant

Source: United States Nuclear Regulatory Commission.



Nuclear Power Plant

The Sequoyah nuclear power plant in Tennessee.



Electricity Generation

Potential energy Burner Kinetic Turbine Mechanical Generator Electrical
(fuel molecules) energy energy energy

Electricity generated by nuclear and fossil fuels is identical. Potential energy is converted to kinetic
energy when a fuel is combusted. The kinetic energy turns the turbine, which corresponds to
mechanical energy. Electrical energy is produced via an electrical generator.

The rate of energy production is power; a common unit of power is joule per second, J/s, or watt.

Single nuclear reactors have a maximum power capacity between 500 to 1300 megawatts, MW, as
compared to 600 MW for typical coal-fired power plants.

Note :a MW =1 x10°watts
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https://npp.khnp.co.kr/index.khnp

Radioactivity

In 1899, Marie Sklodowska Curie applied the term radioactivity to the
spontaneous emission of radiation by certain elements.

Marie Curie won two Nobel Prizes—one in chemistry, the other in physics—for
her research on radioactive elements.

Photos.com/Getty Images



Types of Nuclear Radiation

Radioactivity includes alpha, beta, and gamma rays:

Table 7.2 Types of Nuclear Radiation

Name Symbol Composition Charge Change to the Parent Nucleus

alpha *He or « 2 protons 2+ mass number decreases by 4 atomic
2 neutrons number decreases by 2

beta _?e or B 1 electron 1— mass number does not change atomic

number increases by 1

gamma %y ory photon 0] no change in either the mass number
or the atomic number

Gamma rays are a part of the electromagnetic spectrum, with more
energy (shorter wavelength) than X-rays.



“Radiation”?

Your Turn 7.10 “Radiation”

For each sentence, use the context to decipher whether the speaker is
referring to nuclear or electromagnetic radiation.

a. “Name a type of radiation that has a shorter wavelength than visible
light.”

b. “The gamma radiation from cobalt-60 can destroy a tumor.”

c. “Watch out for UV rays! If you have lightly pigmented skin, this
radiation may cause a sunburn.”

d. “Rutherford detected the radiation emitted by uranium.”



Neutron Generation

One way to generate neutrons is to use plutonium-238, beryllium-9, and

alpha (o) particles :

alpha (a) particle

238 234 4
aaPU — “55U + SHe

4 9 12 0 1
-He+ ;Be - -:C+ ,y+ ;5N

neutron

alpha (a) particle o
gamma radiation



Radioactive Decay

22U — %, Th+ ;He (alpha emission)
2oTh — “*Pa+ e (beta emission)
Beta emission:
1 1 0
qn—> P+ e
loss of an electron balanced by formation of a proton.

Wilson Cloud Chamber

We put a small lump of Uranite in a Wilson Cloud
Chamber full of Ethanol vapor. The lines are the alpha and
beta particle ejected due to radioactive decay.



https://www.youtube.com/watch?v=NeydrHKvpYM

Radioactive Decay .

Neutrons

148
146;
144;
142:
140;
138;
136;
134:
132;
130;
128;
126—w
124;

,/oz decay

B decay

122

Protons

S L LA B B B LI
78 80 82 84 86 88 90 92

Radioactive isotopes undergo decay until
they reach a stable species.

All isotopes of all elements with atomic
number 84 (Po) and higher are radioactive.



Radioactivity & You: Sources

Other
lonizing radiation: X-rays and nuclear 1?5?35? 2%1_13%;3%
radiation that can remove electrons Nuclear fuel cycle 0.1%
from atoms/molecules with which they Miscellaneous 0.1%

collide. Consumer products 3%

Nuclear medicine 4%
Medical X-rays 11%

Natural sources
(excluding radon)
26%

A

Radon 55%

Background radiation: Our world
naturally contains radioactive
substances
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https://news.kbs.co.kr/news/pc/view/view.do?ncd=4309811

Radioactivity & You: Body Accumulation

« All humans have internal radiation, which is mainly from the accumulation of
radioactive isotopes, some from birth.

Thyroid Lungs

Iodine-131 Radon-222
Uranium-238
Plutonium-239
Krypton-85

Muscles Liver

Potassium-40 Cobalt-60

Cesium-137

Bones o y I ) |

Radium-226 | 'ljl\.l iy

Strontium-90 il

Phosphorus-32 W

Carbon-14 )'Lvlll lf i‘\



Radioactivity & You: Annual Dose

« Annual Dose: a measure of the damage that occurs to human tissue when
the dose is absorbed.

* rem = “roentgen equivalent man”: Q x number of rads, where Q is a relative

biological effectiveness factor.

« 1 sievert (Sv) =100 rem.

» rad = “radiation absorbed dose”: absorption of 0.01 J of radiant energy/kg

tissue.

Dose (Sv) Likely Effect

0to 0.25
0.25 to 0.50
0.50 to 1.00
1.00 to 2.00
2.00 to 5.00

5.00

0 to 25
25 to 50
50 to 100
100 to 200
200 to 500
>500

No observable effect
White blood cell count decreases slightly
Significant drop in white blood cell count, lesions
Nausea, vomiting, loss of hair
Hemorrhaging, ulcers, possible death
Death



Your Radiation Dose

Your Turn 7.12 Your Annual lonizing Radiation Dose.

Explore EPA’'s Rad Town website, which demonstrates the various
sources of radiation that we are exposed to on a daily basis. Using the
U.S. Nuclear Radiation Commission (NRC) radiation calculator,
determine your personal annual radiation dose.

a. How does your annual dosage compare to the annual dosages of
others in your class, or to the average level of radiation exposure in the
U.S.?

b. How do geographic factors affect your annual radiation dose?

c. How could you adjust your lifestyle to reduce exposure to ionizing
radiation?



Half-Life

A half-life, t,,, is the time required for
100 . 1 the level of radioactivity to fall to one-
half of its initial value.

% of original Pu-239 sample remaining

50 12

25 ——1/4

12.5 18

6.25 --1/16
|

|
0 24,110 48,220 72,330 96,440
~
1 half-life Time (years)

2 half-lives



Half-Lives of Selected Radioisotopes

Table 7.3 Half-Life of Selected Radioisotopes

Radioisotope
uranium-238
potassium-40
uranium-235
plutonium-239
carbon-14
cesium-137
strontium-90

thorium-234

iodine-131

radon-222

plutonium-231

polonium-214

Half-Life (t4/2)
45 % 10° years
13 % 10° years
70 x 10° years
24110 years
5715 years
30.2 years

291 years

241 days

8.04 days

3.82 days

8.5 minutes

0.00016 second

Found in the Used Fuel Rods of Nuclear Reactors?
Yes. Present originally in fuel pellet.

No

Yes. Present originally in fuel pellet.

Yes. See Equation 7.4.

No.

Yes. Fission product.

Yes. Fission product.

Yes. Small amount generated in natural decay series
of U-238.

Yes. Fission product.

Yes. Small amount generated in natural decay series
of U-238.

No. Half-life is too short.

No. Half-life is too short.

Each radioisotope has its own half-life. Some, like plutonium-239, take a very long time
(24,110 years), whereas others, like plutonium-231 (8.5 minutes), decay very quickly.



Radioactive Waste: Here Today...

Winnemucca

® Frenchman

Gabbse Round
@ Mountain Currant

¥ Carson City

® Belmont

Manhattan @

Basalt

Coaldale @

Goldfield

Lida®
Gold Point
Scotty’s Junction %

L—
\ \Nevada’ Desert
National
Death Valley National Monumenr/Be.dtty | 1;: : wildlife

Yucca Mountain
Amargosa Valley

, Most nuclear waste is stored onsite; however,
Rorth wen®countries are trying to develop long-term

Las Vegas Recreation

Heglerson = ves underground storage options, like Yucca Mountain in

Boulder City

The long half-lives of the isotopes *

produced from nuclear reactors o Nevada. As of 2019, it appears that this repository

means that nuclear waste will emit will not be completed due to ongoing scientific
radiation for thousands of concerns.

generations to come.

Source: U.S. Dept. of Energy.



The Risks of Nuclear Power: Chornobyl

v 1250 km |

Moscow e

RUSSIA

[ ¥ Y

h 1 .
Chornoby o Kicy

UKRAINE

On 26 April 1986, reactor # 4 at
the Chornobyl Nuclear Power
Station, 100 km north from Kiey,
blew up during a routine daily
operation. Nearly nine tons of
radioactive material - 100 times
as much as the Hiroshima bomb
- were hurled into the sky. Winds
over the following days, mostly
blowing north and west, carried,
fallout into Belarus, as well as
Russia, Poland, the Baltic
region, and Scandinavia.

Control rods were made of
graphite (unlike those used in
the U.S.) which caught on fire.



Chornobyl: What Happened?

|.  While performing a safety test on Reactor 4, technicians allowed a power
surge that reached 120 times the rated capacity of the reactor.

[Il. The surge, or "slow nuclear explosion”, ripped open the core, including
cooling water pipes, and caused a huge steam explosion.

) HZO([)—i— C(s, graphite) > 2 H, (g)—i— CO, (g)

2H,(g)+0,(g)—>2H,0(g)

lIl. The 4,000-ton concrete covering over the reactor was blown away. Fires
broke out in many places all over the site.

IV. Fifty different radioactive isotopes were released, with half-lives spanning
from two hours to 24,000 years. These isotopes were shot 1.5 miles into the
sky. One of the hazardous radioisotopes released was iodine-131, a beta-
emitter with an accompanying gamma ray. If ingested, this radioisotope can
cause thyroid cancer.

131 131 0 0
531 — 54Xe+ L€+ Y

The Chernobyl Disaster



https://www.rferl.org/a/update-chernobyl-disaster-how-it-happened/29193709.html

Chornobyl: The Consequences

Over 1,000 injuries and thirty-one deaths of
firefighters and others who reported to scene of
accident.

150,000 people evacuated from their Ukraine
homes.

Radioactive cloud released over a large part of
Europe. Health threatening levels of radioactive
materials were found in at least twenty nations,
and as far away as 2,000 km from Chornobyl.
Estimated 250 million people were exposed to
unhealthy amounts of radiation.

Estimates of future cancers from the accident
range anywhere from 7,500 to 1 million.

Radioactive particles in the environment and in the
food chain.

Large amount of uncertainty and fear in the
population.

Olexandr Bychykhin/123RF



Chornobyl: Political Consequences

 Distrust of government.

» Soviet Union cover-up: Sweden and Poland were the first nations to
bring attention to the accident.

« Other nations attempted to downplay the health effects of the accident
in their own nations.

« Public opposition to building additional nuclear power plants
increased significantly worldwide.

Fotokon/Shutterstock



Another Disaster: Fukushima

« Caused by two natural disasters, an
earthquake and tsunami, which
resulted in the meltdown of three
reactors.

* Flood waters knocked out the
electrical generators needed for
cooling water. This caused
overheating of the fuel, which then
started a chemical reaction that
generated hydrogen gas. Fearing
Chernobyl, the hydrogen was
vented, which released |-131 to the
surrounding countryside.

« Despite venting, explosive reactions
occurred at four of the six reactors,
which released radioisotopes.

The Fukushima Nuclear Disaster - Epidemic of Ghosts & : X
(youtube.com) Flooding from tsunami that followed the 2011 Tohoku earthquake



https://www.youtube.com/watch?v=4UHZugCNKA4

The Future of Nuclear Power

Capacity thousand MW Generation thousand MWh
120 900,000
— Capacity
Generation — 800,000
100 L —
— 700,000
80 - — 600,000
— 500,000
60 -
— 400,000
40 - — 300,000
— 200,000
20
— 100,000
0~ | | | | | 0
1957 1967 1977 1987 1997 2007 2017
Year

Nuclear power generation and capacity in the US

Electricity generation by nuclear
plants has increased steadily
since 1970 & remained steady
since its peak of 112 in 1990.

The power increase over time
stems from both improved
reactor efficiencies and upgrades
to reactor components.

Source: U.S. Energy Information Administration, Monthly Energy Review, Table 8.1, March 2018.



Worldwide Expansion of Nuclear Power

Africa

Central and South America

North America

Far East Asia

Middle East and South Asia
Central and Eastern Europe

Western Europe

Worldwide distribution of nuclear power plants (May 2018)

20 40

60

80 100 120

L Operational

| ] .
.. Under construction

140

Significant expansion of nuclear
power facilities are underway in
most developed countries,
especially in Asia and Europe.

Source: International Atomic Energy Agency.



Can We Prevent Another Disaster?

 The U.S. Nuclear Regulatory Commission (NRC) has issued the following requirements
for all nuclear power facilities:

» All facilities must obtain sufficient portable safety equipment, such as devices that could
burn off hydrogen generated in an accident.

» Facilities should improve their venting systems to prevent a backup of steam and control
the temperature.

» New equipment must be installed to monitor water levels in each plant’s spent fuel pool.

Your Turn 7.22 Pros and Cons of Nuclear
Power

a. Explain your own thoughts on nuclear waste,
mining, effects on climate change, cost, and
human fear.

b. What countries, if any, have long-term plans for
dealing with nuclear waste?

c. What does the cartoon show about future energy
concerns?

d. What do you feel is the future of nuclear power?

Source: McGraw-Hill Education.



Solar Power

The Sun’s rays hit Earth every hour with
enough energy to meet the world’s
energy demand for an entire year!

However, currently less than 1% of the
electric power generated in the U.S.
comes directly from solar energy.

©Warren Gretz/DOE/NREL; NREL/U.S. Dept. of Energy



Silicon: The Heart of a Photovoltaic Cell

Photon
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Silicon atom Electron

Light of certain energies can free an electron between silicon atoms in the solid. This electron
then moves through the crystal lattice, making silicon an electrical conductor.

In order to increase this efficiency, silicon is doped with atoms containing either excess electrons
(n-type) or fewer electrons (p-type).



Doped Silicon: Fine-Tuning Electrical Conductivity
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Silicon atom Electron Silicon atom Electron

n-type: doped with an element with more electrons than Si (for example, P, As).
p-type: doped with an element with less electrons than Si (for example, B).

Extrinsic Semiconductors



https://www.youtube.com/watch?v=s6rQI7t9XM4

p-n Junctions in Solar Cells

Sunlight S Cover glass

n-type semiconductor

[ Transparent adhesive

~~— Antireflective coating

Electron ©

p-type semiconductor

Hole O

A

|
Back contact

e

Front contact

Solar cells contain layers of p-type
and n-type silicon placed in direct
contact.

When light hits the n-type silicon,
electrons are freed from the crystal
structure and moved through the
external circuit, eventually
returning to the p-type side.

When electrons are released by
sunlight, “holes” are also
generated in the p-type material.
These electron-hole pairs move in
opposite directions and are the
carriers responsible for electrical
current.

How do Solar cells work?



https://www.youtube.com/watch?v=L_q6LRgKpTw
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How do Solar cells work?


https://www.youtube.com/watch?v=L_q6LRgKpTw

Efficiency of Solar Cells
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Cell efficiency

Source: National Renewable Energy laboratory (NREL) for the U.S. Department of Energy, 2018.


https://www.nrel.gov/pv/cell-efficiency.html

Efficiency of Solar Cells .

B

Only photons with enough energy
can knock electrons free from the
doped silicon lattice.

As of 2019, silicon-based solar cells
have efficiencies of only 27.6%.

Multilayer solar cells increase the
efficiency to almost 50%, but are
very expensive to produce. These
designs feature many layers with
thicknesses on the order of tens of
micrometers



Distributed Generation

Copyright © McGraw-Hill Education. Permission required for reproduction or display.

Source: NREL/U.S. Dept. of Energy3.

More than %5 of Earth’s population
IS not connected to an electric
network.

Photovoltaic (solar) power is
being used to bring electricity to
isolated villages in economically
disadvantaged countries.

Source: NREL/U.S. Dept. of Energy.



Renewable Energy Sources
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Wind Power Capacity in the U.S.
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Average Wind Speed
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https://web.kma.go.kr/communication/community/column_list.jsp?mode=view&bid=column&num=21

Schematic of a Wind Turbine

MidAmerican Energy Wind Farm



https://www.youtube.com/watch?v=FE5FqNGn53E&feature=youtu.be

Worldwide Geothermal Capacity

Geothermal power, 2018 (Megawatts)
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The top five countries for geothermal electric generating capacity are: the U.S. (3.6 GW), Indonesia
(1.9 GW), the Philippines (1.8 GW), Turkey (1.2 GW), and New Zealand (1.0 GW).

Source: MidAmerican Energy Company.



Group Discussion

Your Turn 7.32 Our Energetic Future

Renewable energy comes from the wind, the oceans, and geothermal sources, not just from
the Sun and biofuels (discussed in Chapter 6). Pick one of these renewable energy sources
and learn more about the technologies available to harness it.

a. Name the geographic restrictions (if any) to its use.

b. Prepare a list of the reasons to support this technology. Prepare a similar list for the “nay-
sayers.”

c. Predict how this technology will affect energy production output where you live.

Your Turn 7.33 Group Activity: The World’s Energy

Supporters of nuclear energy encourage its use as a source that does not emit greenhouse
gases. Bill McKibben, a prominent environmentalist, says that “there is an urgent need to
stop subsidizing the fossil fuel industry, dramatically reduce wasted energy, and significantly
shift our power supplies from oil, coal, and natural gas to wind, solar, geothermal, and other
renewable energy sources.” After reading this chapter, how do you think nuclear and
renewable energy fit into the world’s energy portfolio?



Example topics that you can delve into further...

1. Assess whether nuclear power plants are a viable alternative energy
source, supporting your argument with scientific evidence.

2. Explore the health impacts of indoor radon exposure, identify its primary
sources, and suggest methods to decrease its concentration.

3. Investigate if there are any materials that can serve as substitutes for
silicon in photovoltaic cells.

4. Analyze the reasons behind the significant growth in wind power and its
advantages compared to other energy sources.

5. Determine the more suitable location for wind power generation: offshore
(sea) or mountainous areas.

|y, |



	슬라이드 번호 1
	Chapter 7 Energy from Alternative Sources
	Reflect
	Sources of Electricity in US
	슬라이드 번호 5
	Nuclear Fission
	How Much Energy Is Released?
	Isotopes
	Isotope Practice
	Nuclear Reactions
	Chain Reactions
	The Nuclear Test “Turk”
	Nuclear Power
	The Uranium Fuel Source
	Nuclear versus Conventional Power Plants
	Nuclear Power Plant
	Electricity Generation
	Radioactivity
	Types of Nuclear Radiation
	“Radiation”?
	Neutron Generation
	Radioactive Decay 1
	Radioactive Decay 3
	Radioactivity & You: Sources
	Radioactivity & You: Body Accumulation
	Radioactivity & You: Annual Dose
	Your Radiation Dose
	Half-Life
	Half-Lives of Selected Radioisotopes
	Radioactive Waste: Here Today…
	The Risks of Nuclear Power: Chornobyl
	Chornobyl: What Happened?
	Chornobyl: The Consequences
	Chornobyl: Political Consequences
	Another Disaster: Fukushima
	The Future of Nuclear Power
	Worldwide Expansion of Nuclear Power
	Can We Prevent Another Disaster?
	Solar Power
	Silicon: The Heart of a Photovoltaic Cell
	Doped Silicon: Fine-Tuning Electrical Conductivity
	p-n Junctions in Solar Cells
	슬라이드 번호 43
	Efficiency of Solar Cells 1
	Efficiency of Solar Cells 2
	Distributed Generation
	Renewable Energy Sources
	Wind Power Capacity in the U.S.
	Average Wind Speed
	슬라이드 번호 50
	Schematic of a Wind Turbine
	Worldwide Geothermal Capacity
	Group Discussion
	슬라이드 번호 54

