Understanding Solar Energy

Teacher Page

Solar History

Student Objective

The student:

. will be able to identify major events
and developments in the history of
solar energy

. will work cooperatively to create a
poster or computer generated
presentation that communicates
information.

Materials:

. Internet and book resources

. Internet and computer presentation
materials

. time line information

Procedure

Key Words:
passive solar
photovoltaic
solar collector
solar furnace
solar still
time line

Time:

1 - 2 class periods for research and
development

1 - 2 class periods for presentations
and discussion

1.

2.

Divide the class into nine (9) groups of students; the number of students in each group

should be as even as possible.

Engage: Explain to the class that they will be working in small groups for the purpose of

researching and creating a class presentation for a particular ‘theme’ representing the

historical development of solar energy and then presenting this information to their peers.

Assign one of the nine themes to each group; or let students select one for their group so

that each group has one of the nine different themes. The nine groups are:

. Early development and use of solar energy from 600 B.C.E. - 1700s

. Historical development of passive solar architecture

. Historical use of passive solar architecture

. Historical development of solar thermal

. Historical use of solar thermal

. Historical development of photovoltaics

. Historical use of photovoltaics

. Solar Energy Scientists - select major contributing scientists, include both
achievement and personal information

. Future research and development in the field of solar energy

Explore: All students will research their subject area using John Perlin’s links at the

California Solar Center. Upon completion of this research, students will then review the

Department of Energy’s Time Line using it to select pertinent information needed for

their contributing theme to the History of Solar Energy. Students should then seek a third
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10.

resource for adding information and developing a presentation to the class.

Students should have access to computers and various books for resource material.
Computer presentation programs should be utilized for developing the presentations.
However, if this is not possible, a poster board presentation may be prepared. The group
members should be assigned (or volunteer for) a significant and equal role in this project
researching and presenting material.

Discuss and display the rubric so students know your expectations. Use the rubric to
score group presentations.

Assist the groups as necessary while they are working on their presentations.

Explain and Elaborate: Each group is to write a haiku poetic conclusion to summarize
their information and to integrate science and the art of literature. (A haiku follows a 5-7-
5 syllable pattern and should reflect a sensory image, in this case summarizing the beauty
and importance of their segment of solar energy and history.)

Have each group present their portion of solar energy history to the class in an appropriate
sequential order.

Finalize this activity by having students develop a plan to implement solar energy as a
non-polluting, greener solution to our future energy needs, defending their ideas with
historical use and development knowledge. Individual or group plans will be presented
as a proposal for a policy during the class discussion (or debate). Students should defend
their ideas as a policy proposal to you, the ‘governing board’.

Evaluation and Student Assessment
Assign point values to suit your needs:

Solar History Presentation Rubric

Criteria Exemplary Above Average Novice
exceeds Average approaching developing
expectations most skills expectations | expectations -
mastered with a few needs
errors improvement

Main theme - clear, identified title
and group introduction

Main ideas - purposeful and
support the theme

Information - sequential, logical,
accurate, and interesting

Visuals - clearly exhibited and
connected to the theme

Voice and body language - shows
enthusiasm and interest
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Haiku - supports theme, is
reflective and conveys emotion

Organization - coordinated and
thoughtful

Overall - Group was prepared and
full participation is evident

Class Discussion Rubric

Criteria

8
Excellent

7
High
Quality

6
Acceptable

0
Not Done

Presents valid and reliable point of
view

Includes strategies

Includes barriers

Respects the opposing ideas of
others

Supports the similar ideas of
others

Suggested Overall Assessment:

40% group presentation rubric score
20% observation of students participating in the group
40% class discussion based on student participation. Students need to present and defend

their ideas and plans for future implementation.

Related Research:
1. Have the students produce skits about their time period.
2. Prepare a presentation to give to parents, a partner class or the school in general for Earth

Day on the history and current applications of solar energy.

3. Research writing a policy and propose a new policy to implement solar technology in a

place of your choice.

4. Have students write letters to the newspaper’s editor, political leaders, school board, or
others in support of using more solar technology as a source of energy in schools.
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5. Develop a homeowners guide to use more solar technology as a source of energy in the
home.

Related Reading

. A Golden Thread: 2500 Years of Solar Architecture and Technology by Ken Butti &
John Perlin (Cheshire Books, 1980)
A Golden Thread provides a historical perspective of the influence of solar energy on
society throughout the ages. The book provides information relating to the scientific,
societal and economic influences contributing to the development of solar technology, as
well as explanations of how the various forms of solar technology function.

. From Space to Earth: The Story of Solar Electricity by John Perlin (Aatec Publications,
1999)
John Perlin surveys the fascinating evolution of photovoltaics from its problematic and
controversial nineteenth century beginnings to its indispensable and versatile role as a
power source for contemporary daily life. More than the story of a technology, From
Space To Earth is also a chronicle of the individuals who persevered, took chances,
bucked authority, innovated, invented, and crusaded to provide humanity with renewable
energy.

. The Return of the Solar Cat by Jim Augustyn (Patty Paw Press, 2003)
"A cat sunning itself in the doorway of a barn knows all about solar energy. Why can't
man learn?" (E.B.White). The Return of the Solar Cat book decisively answers this
question. Jim Augustyne takes the Suessian approach to showing the reader our myopia
when it comes to the nature of renewable energy, politics, and economics through the
fun-house mirror of technologically advanced felines and their 'natural' instincts and
behavior which are optimized for solar utilization. Augustyne has developed an alternate
universe of whimsy and pointy satire where kitties rule and our human foibles and
blindness to the advantages of solar energy are entertainingly exposed.

Internet Sites:
http://www.californiasolarcenter.org/history.html

California Solar Center and John Perlin summarize the history of photovoltaics, solar
thermal and passive solar
http://inventors.about.com/library/inventors/blsolar2.htm

Time line of photovoltaics listing major inventors and scientists
http://www.energy.gov/about/timeline.htm

Department of Energy’s Energy Timeline
http://wwwl.eere.energy.gov/solar/pdfs/solar_timeline.pdf

Department of Energy, Energy Efficiency and Renewable Energy website. Solar Energy
timeline used in this lesson
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Understanding Solar Energy

Florida Sunshine Standards

Benchmarks

Solar History

11234567 (8|9 |1 |1 |(1|1]|1]|]1(f(1|1]|]1]1
0|1 |2|3(4|5]|]6]|7(8]9
Nature of Science
Standard 4 SC.912.N 4 X
Earth and Space
Standard 6 SC.912.E.6. X
Life Science
Standard 17 | SC.912.L.17. X X X |X X

Language Arts Standards

LA.910.2.2.1, LA.910.2.2.2, LA.910.2.2.5, LA.910.3.5.1, LA.910.3.5.3,
LA.910.5.2.4, LA.910.5.2.5, LA.910.6.3.3, LA.910.6.4.1, LA.910.6.4.2,
LA.1112.2.2.1, LA.1112.2.2.2, LA.1112.2.2.5, LA.1112.3.5.1, LA.1112.2.5.3,
LA.1112.5.2.4, LA.1112.5.2.5, LA.1112.6.3.3, LA.1112.6.4.1, LA.1112.6.4.2

Science Standards

Standard 4: Science and Society

. SC.912.N.4.2 - Weigh the merits of alternative strategies for solving a specific societal
problem by comparing a number of different costs and benefits, such as human,
economic, and environmental.

Standard 6: Earth Structures

. SC.912.E 6.6 - Analyze past, present, and potential future consequences to the
environment resulting from various energy production technologies.

Standard 17: Interdependence

. SC.912.L.17.11 - Evaluate the costs and benefits of renewable and nonrenewable
resources, such as water, energy, fossil fuels, wildlife, and forests.

. SC.912.L.17.13 - Discuss the need for adequate monitoring of environmental parameters

when making policy decisions.

. SC.912.L.17.16 - Discuss the large-scale environmental impacts resulting from human
activity, including waste spills, oil spills, runoff, greenhouse gases, ozone depletion, and
surface and groundwater pollution.

. SC.912.L.17.17 - Assess the effectiveness of innovative methods of protecting the
environment.

. SC.912.L.17.19 - Describe how different natural resources are produced and how their
rates of use and renewal limit availability.

. SC.912.L.17.20 - Predict the impact of individuals on environmental systems and
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examine how human lifestyles affect sustainability.

Language Arts Standards

Literary Analysis - Standard 2: Nonfiction

. LA.910.2.2.1 and LA.1112.2.2.1 - The student will analyze and evaluate information
from text features (e.g. transitional devices, table of contents, glossary, index, bold or
italicized text, headings, charts and graphs, illustrations, subheadings)

. LA.910.2.2.2 and LA.1112.2.2.2 - The student will use information from the text to
answer questions or to state the main idea or provide relevant details.

. LA910.2.2.5 and LA1112.2.2.5 - The student will select a variety of age and ability
appropriate nonfiction materials (e.g. biographies and topical areas, such as science,
music, art, history, sports, currents) to expand the core knowledge necessary to connect
topics and function as a fully literate member of a shared culture.

Writing Process - Standard S: Publishing

. LA.910.3.5.1 and LA.1112.3.5.1 - The student will prepare writing using technology in a
format appropriate to the purpose.

. LA.910.3.5.3 and LA.1112.3.5.3 - The student will share with others or submit for

publication.

Communication - Standard 2: Listening and Speaking

. LA.910.5.2.4 - The student will use an engaging introduction and conclusion and the use
of figurative language to reinforce the intended message.

. LA.910.5.2.5 and LA.1112.5.2.5 - The student will research and organize the information

that integrates appropriate media into presentations for oral communication (e.g. digital
presentation, charts, photos, primary sources, websites)

. LA.1112.5.2.4 - The student will use appropriate eye contact, body movements, and voice
register for audience engagement in formal and informal speaking situations.

Information and Media Literacy - Standard 3: Media Literacy

. LA.910.6.3.3 and LA.1112.6.3.3 - The student will demonstrate the ability to select print
and nonprint media appropriate for the purpose, occasion, and audience to develop into a
formal presentation.

Information and Media Literacy - Standard 4: Technology

. LA.910.6.4.1 - The student will use appropriate available technologies to enhance
communication and achieve a purpose (e.g. video, digital technology)

. LA.910.6.4.2 and LA.1112.6.4.2 - The student will routinely use digital tools for
publication, communication and productivity.

. LA.1112.6.4.1 - The student will select and use appropriate available technologies (e.g.
computer, digital camera) to enhance communication and achieve a purpose (e.g. video,
presentations)
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Understanding Solar Energy Key Word/Definitions

Solar History

passive solar - construction technique of using structural elements to bring in heat when needed
and deflect or vent heat when it is not desired.

photovoltaic - the effect of producing electric current using light from the sun
solar collector - a device that collects solar energy
solar furnace - a device that uses solar energy to heat , burn or melt

solar still - a device that uses solar energy to distill a liquid
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Understanding Solar Energy

Time Line

Byan Skl
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Salar technaol ogy isnt new. Its histony spans from the 7th
Century B.C totoday We started cut concentrating the
sun's heat with glass and mirrors talight fires. Today, we
hawea everything from solar-powered buildings to sdlar-
powvarad wehicles,

Herewou can learn more about themilestones inthe
historical dewelopment of solar technology, century by
century, andyear by wear. You can also glimpse the futura.

This timeline lists the milestones in the historoal development
of solar technology from the Tth Century B .G to the 12005 ALD,

7th Century B C
Magnifying glassused toconcentrate un's my sto make fire and to bum ants,

ard Century B.C
Greeks and Romans use buming mirrers to light torches for religi cus purposes,

2nd Century B.C

As early as 212 B, the Greek scientist, Archirmedes, used the reflective
properties of bronze shields to focus sunlight and to set fireto wooden ships
from the Roman Empire whichwere bedeging Syracuse. {Although no proof
of such a feat exists the Greek nawy recreated the experirent in41g73 and
sugcessfully set fire to a wooden boat at a distanee of o meters)

20 48 0

Chiness decument wse of burning mirrors tolight torchesfer religious
pLIposes,

15t togth Century A D,

The famous Roman bathhouses inthe first to fourth centuries A.D. had large
south facing wirdows tolet in the sun's warmth, For anexample, se= information
onthe http fheesen hum hujiacilfa rhae ologyyzippori/Roma nseph.htm dpporiin
the Roman Period from the Hebrew University of Jerusalem,

ath Century A D
sunroems on heusesand public buildingswere so commen that the Justinian
Code initiated "sun rights” to ensure individual accesstothe aun,

12005 A0

Ancestors of Pueblopeople called Anasazi in Morth America live in scuth-facing
cliff dhwvellings that capture the winter sun,
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Thistimelinelists the milastonas in the historical developm ent
of solar techn ology from 1767 to 1891,

1767

Swiss scientist Horace de Saussure was credited with building the world s first
solarcollector, later wsed by Sir John Herschel tocook food during his South Africa
expedition in the 18305, %2e the Solar Cooking Archive for maore irformation on
e peffsola i ookireg orgfsa ussure hitm %3 ssure and His Hot Boses of the 17oos,

— 1818

On Septernber 27, 1818 Robert Stidingapplied fora patent for hi s econormiser
at the Chaneery in Edinburgh, Scotland, By trade, Robert Stiding was adually
a minister in the Church of scotland and he continued to give services until
hewas eighty-six years old! But, in his spare time, he built heat enginesin his
home workshop. Lord kelvin used one of theweorking models during sorme of
his university classes This enginewaslater used in the dish/Stiding systern, a
solarthermal electric technelogy that concentrates the sun's thermal energy
in order toproduce power,

- 1830

French scientist Edmond Becquerel discoversthe photovoltaic effect while
expedmentingsaith an electralytic cell made up o bwo metal eledrodes placed
in an elecricity-conducting solution— eledricity-generati oh increased when
exposed tolight,

18G0s

Fremech mathematicia n August Mouchet proposed an idea for sola r-powered steam
engires, |nthe following two decades, he ard his assistant, Abel Pifre, constructed
the first solar powered engines and used them fora wvariety of a pplications. These
engires became the predecessors of modern para bolic dish collectors,

1873
Willoughby Smith discoversd the photoconductivity of seleniurm,

— 1878

18z Williarm Gryll s Adamsand Richard Evans Day discover that selenium
produces elecri city when exposed to light, Although selenium solar cells failed
toconvert enough sunlight to power electrical equiprnent, they proved that a
salid material could change light inte eledtrcity without heat or meving parts,

_1880

Sarnuel P Langley, iments the bolometer, which is used to measure light from
the faintest stars and the sun’s heat rays |t consists of a finewire connected
toan electric cireuit When radiation fall s on the wire, it becomesvery slightly
waarmer, This increases the electrical resistance of thewire

1883

hares Fritts, an American inventor, described the first solar cells rmade from
seleniurm wafers,

1887
Heinrich Hert z discoversd that ultravid e light altered the lowest voltage ca-
pable of causing a spark to jump between twe metal eledrodes,

1891

Baltimare inventor Clarence Kemp patented the first commercial solar
wiater heater, For more inf ormation on the water heater, see the

httpf fevanar.calif omia solarcenter. orgthistory_sdarthermal. htrml California
Solar Center,
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This timelinelists the milestones in the historical develcopm ent
of solar technology inthe 1poos,

T 19od
Wilhelm Hallwachs discovered that a combination of copper and cuprous oxide
is phot osenstive,

Akart Bk, owrkp of
Hhe Lot icabi drchines,

Dl ezl oof Rarvphie: iy ‘—'19(:"5
o= inl_ ¥y Albert Einstein published his paper on the photoelectre gfect (alongwith a
Dot M &7 paper on histheory of relativity),
Ralatsty 2qeabion

— 1908
1o William ), Bailley of the Carnegie Steel Company inventsa solar collectar
with copper cails and an insulated bas— roughly, it's present dedgn,

— 1994
The exigence of a bamrier layer in photoveltaic devi ceswas noted,
— 101G
Robert Millikan provided experimental proof of the photoelectric effect,

£ 1918
Polish scientist Jan Czochralski developed a way to grow single-cry sal
silicon. For more information on Crochralski, see the article
http:firekt.pal lublin pliusers/ptwiliarta hitm Prof essor lan Caolehralski
(18851953 and His Contribution to the Art and sdence of Gystal Growth,

1 1921

Albert Einstein winsthe Mobel Prze for histheories (1904 research and techni-
val papet) explaining the phatoeledric effect,

Fowrki pof [ahes aizar . . 1 932
AACT reirsletar I
Audobert and Stora discover the photowveltaic effect in cadmium sulfide (Cd5),

Srgherpetd dliean 1P/
17 Passive solar buildings in the United Stateswers in such dermand, asa
result of scarce energy during the prolonged Wonll, that Libbey- Craens-Ford
Glass Company published a book entitled Your Solar House, which profiled
formy-nine of the nation's greatest solar architeos
httpffanans califomiasolarcent er.org/fhi steny_soarthermal. html,

-— 1953
D, Dan Trivich, WWayne 5tate University, makes the fira theoretical
calculations of the efficiencies of various materials of different band gap
widthsbased on the spedrum of the sun.

194
1054 Photoveltaic technolegy is born in the United states when Daryl chapin,
Cahsin Fuller, and Gerald Pearson develop the silicen photosoltaic (P cell at
Bell Labs—the fira: solar cell capable of converting enough of the sun’s energy
intopowertorun everyday electial equipment, Bell Telephone Labotateries
produced a dlicon solar cell with 436 efficiency and later achieved 19
efficiency, Zeethehttp:jfsnany califomiasolarcenter orgthistorny_puw.homl for

Gall b selaniicks, Durp) Chapbey Caliin more information.
Fular and Gaeald Paaron powrbzs paf
ok Fadn

§ 1955
Westem Electric began tosell commercial licenses for silicen photovaltaic (P
technologies Early successful produces induded Pyt powered dollar bill
changers and devicesthat decoded computer punch cards and tape,
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- Mid-1950%
Architect Frank Bridgers designed the werld'sfirs commercial office building
using solarwater heating and passive dedgn, This solar 3¢ sem hasbeen
continuousy operating since that timeand the Bridgers-Paxton Building, is
now in the Mational Historic Register as the world's first solar heated office
building.

- 1956
Williarm Chemy, U5 Signal Gorps Laborat ores, approaches RCA Labs Paul

Rappaport and Joseph Loferski about developing photevaoliaic cells for
proposed arbiting Earth satellites

1957
Hoffrian Elecronics achieved 8% efficient photoseltaic cell s

T 1958
T. dandelkorn, U.5. Signal Corps Labormatories, fabricates n-on-p silicon
phatordtaic cells (eritically important for space cells; more resdstant to
radiatiom.

— 1058
Heffrman Eledronics achieves o% efficent photovaltaic cells,

——— 1958
Thetanguard | space satellite used a small (lessthan one watt) amay to
power itsradios, Later that year, Explorer 11, Vanguard 11, and Sputnile3 were
launched with Py powered 3 sems on beard, Despite faltering attermprs to
commercialize thesilicon sdar cell in the1ogos and éos, itwas used
successfully in poserng satellites, |t became the accepted energy source for
space applications and remains so today, For more information, seethe
srrithsenian Mational Airand Space Museurn’s information on
http:ffanananasim,si,edufnasimidshjarifac s55-vanguard htm ™fanguard 17,

= 195¢%
Heffrman Eledtronics achieves 103 effident, commerdally available
pharovdtaic cells Hoffrman alseleamsto use a grid contacy, reducing the
set es red gance sighificantly,

B 1959
I On Augus 7, the Explorer W satellite is launched with a phatosdtaic array of
[ odoo cell 501 omx 2 om each), Then, on Oaoberd 3, the Explorer Wil satellite
Coubeap-oEhHpusfint bvited . eaon iz launched,
- 1060

Hoffrman Electronics achieves 4% efficient photoveltaic cells,

— 1080
silicen sensorsg |ne, of Dodgeville, Wisensin, isfounded, It stars producing
selenium and silicon photoveltaic cells,

T 1062
@ Bell Tdephone Laborataries launches the first telecammunications satellie,
Bell Labs the Telstar (initial power 14 watts),

1 1963

Shatp Corpotation suceedsin produd ng practi cal silicon photoveltaic

SHARP rmedul es,

1903
lapan ingalls a 242-watt, photovaltaic array on a lighthouse, theweord's lang-
est array at that time,
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- 1982
Wolkswagen of Germarny begins testing photoveltaic arrays mourted on the
roafs of Dasher station wagons geneating 1o watt sfor the ignition system,

m 1982
The Florida 5dar Energy Cemter's
A5 http:ffananan sec.uc edufAboutiqual gind e htma recentcon "Southeast
fﬁ €C Reddential Experirment Station” kegins supportingthe U,5, Department of
Energy’s pharovdtaics prograrm in the application of systems engineering,

- 1982
Worldwide photovoltaic production exceeds 0.3 megawatts,

B 1983
ARCO Soar dedicatesa &megawatt photovoltaic substation in central
Calif ornia, The wo-acre, unmanned facility supplies the Pacific Gas &Electric
Cormpatty’s utility grid with encugh power for s, ooo-a,500 homes,

W 1983
solar Design Assodates completes a stand-alene, 4-kilowatt powered home in
the Hudson RiverWalley,

s 1983
Worldwide photoveltaic production exceedsat.3 megawatts, with sles of
more than o million.

' 1984
The facramento Municipal Wtiliny Districs cormmissions itsfirs +-megawart
phatosdtaic electricity generating facility,

i 1985
The University of South “Wales breaks the 2.0% efficency barver for silicon
solar cd|sunder +-sun conditions,

1 10848
1988 The world'slargest solar thermal facdility, located in Kramer Junction,
California, was commisd oned, The solar fidd contained rows of mirrors that
concentrated the sun's energy onto a system of pipes drculating a heat
transfer fluid. The heat transfer fluid was used to produce stearn, which
powered a conventional turbine togenerate el ectricity,
— Phata Caption: This saiar power giant fom@ted in Kmamer Junctan, Califomia, is tha fanyast af nina
sweh pfants Guilt in he {950, Cunhgy agaration, aif i e recaiver tubas colfads the concantrata o

=alar ane gy as heat and' is purmgrad (0 a powear biock focated at tha powsar Fiant far pense abngy
afactnoity [WVa rran Gratz, WREL /S PG {224)

Waman i b ANEL / FODEN i 1984
ARCO solar releases the G-4ooo—theword's first commercial thin-film
power module,

- 1988
Dt Alvin Marksreceives patents for two sdar power technolegies he
developed: Lepron and Lumeloid Lepeon consists of glass panels covered with
awast array of millions of aluminum or copper strips, esch | ess than a micron or
theusandth of a millimeter wide, As sunlight hitsthe metal strips, the energy in
the light i stransferred to electrens in the metal, which escape at one end in the
form of elecereity, Lumneloid uses a sitnilar approach but substitutescheaper,
film-like sheets of plastic forthe glass panels and coversthe plasticwith
conductive palymers, long chains of mdecular plasic units,
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g J — I 1991
‘:‘#-ﬁ? Pl?:_ Presidert George Bush redesignates the U.5, Departrment of Energy’s Solar
v Energy Ressarch Institute a5 the National Renewabl e Energy Laboratory,

—_—1002
100 University of South Florda developsa 15.0% efficient thin-film
photovrdtaic cell rmade of cadmium telluride, breaking the 159 bamier for the
first tirne for thistechnoogy.
— Fhata caption: Thik-fin maodtiles, soch as i one made with amarphows siicon, can b depos-

itad on a wamaty of fow-cost sub=iatas, holwding giass and taxbia piastic shaats, [Warran Gratz,
NREL / PLXiNEsd 1)

1902
A 7.5kl owatt procaeype dish systerm using anadvanced sretched-membrane
concentrator becomes operational,

1993
1003 Pacific Gas & Electric completes installation of the first grid-supported
phatordtaic systerm in Kerrman, California. The goo-kilowatt systern was the
first "distribut ed power” effort,
— Fhata caption: FPacitc Gas and Electnc Company (PEEE) instalied a S00-ifowa & phatowvo iEic
systemn at its Kannan sub=iation ta rainforce 3 waalk fee dar. PiGEE foon o' that distributad systems

fifce this have measuratde taneafits such as increa sa o system reliatility and peai-shawing capatii-
tias. [Tarnr &' Roune /P LOGEEE]

1974
The Mational Renewable Energy Laboratory (formety the Sdar Energy
Research Institute) completes construction o its
http:fianananrel.govibuildingsthighperformancefserf.html " Solar Energy
Research Facility”, which was recagnized as the most energy-efficient of all
.5, government buildings wordwide, It features not only solar elecric
systerr), but also a passive solar design,

1994
First solardishgenerator using a free-piston Stirling engine is ted toa utiling grid,

1774
The Matienal Renewable Energy Laboratory develops a solar cell—madefrom
gallium indiurn phosphide and galliurm arseni de—that becomeas the first cneto
exceed 309 cormversion efficiency.

—— 1994
Theword’s most advanced solar-powered airplane, the | care, flew owver
FHrzn G Ll ST Gerrany, Thewings and tail surfaces of the lcare are covered by 3,000

super-efficient sclar cells, with a total area of 21 re, See
http:ffanananif buuni- stuttgar, deficare/pictures/ica-flo jpg "solar Alrcraft of
the University of stuttgart™for maore infermation about lcare,

1994
The U5, Department of Energy, al eng with an industry cansortium, begins
operating sdar Two—an upgrade of itssolar One concentrating solar poser
tower preject, Operated until 190, Solar Two demonstrated how solar energy
can be stored efficiently and economically so that power can be produced even
wihen the sun isn't shining. It alsof ostered commercial interest in power
toraers, See heopfhasss energylan andia.govsunlabysnapsh o/ STRUTU RE bt
"sdar Two Demeonstrates Clean Power forthe Future” for more inf armati on,
— Fhata Caption: The Saiar Tivo projact will imgrowe e {0 magawat Solar One central receivar
piant in Oaggrete, C4. 4 feld of mirrored hafiostats fcuses soniight on a 300 faot '91 meater) tower,
which wiil ta fifad with moiten nitrate sait. The it fows fifce water and' can ta heatad o {050
degraas & The =aft i= pumpa d throogh 3 siearm ganeratar ta produce fie Si2arm (0 power 3 can-
wantianal, high-eficiency sta am turtine (o pradtice afectridty (566 dagreas G). fSandia Wational
Lataratamas S PIXGT )

Sarla Matiandl [ abors b/ FOOH AN
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| o 1008
The remote-< ontrolled, solar-powered aircrafr, "Pathfirder” sets analtitude
vex ord, 0,000 feet, on its 39th consecutive flight an August &, in Monrowvia,
California, Thisaltitude is higher thanany prop-driven aircraft thus far.,

1998
subkendu Guba, a noted scientist for his pioneering work inamorphous silicon,
led the imention of flexible solar shingles, a roofing materialand state-of-the-art
technology for comverting sunlight to electricity,
— Fhato capiion: The FI shingles mrount divectly on fo fe roof and' fafe fhe place of asphalt shinglas.

The spsteny is connected fo fhe uliite orid fikowgh an inver'er and produces efacinciy on custonrer's
side of the reter United Sofar Swstenes Corporation < FUGEESE]

—— 1999
oo Constrution wascompleted on 4 Times Square, the tallest skyscraper built
inthe1ggosin Mew york City, It ircorporates more energy-efficient building
techniques thanamy other commercial shkyscraper and alsoincludes building-inte-
grated photovoltaic (BIPW) parels on the 37th through 43 rd floors onthe south-
a e weest-facirg facades that produce a partion of the buildirgs poer,
— Phafe Capticy: 4 Times Sguaees most advanced featur e is the photeweiaic sk, 3 gesiem thal
wses thi- i P parels (e repldace faditiona | olass efladdig matenal. The P cotaity wall exterd's
frowm che 2500 (o the 4800 toor o the south and east walls of the Budditeg, makisg 3 highly waitls
Eart of the midtowts Mew Yok sigfite. The developer, the Dorst Cvgamizatict, has impemetiied
3 wide va ety of fea fhy buiditg amd erengy efficietoy stralegies Miss + SCath@tArchifects
dezigned the boidig's P system iv cofaberation with Sox and Fowls, the base boifoig
architects. Erergy Chofovioltaios of Privceton, hk, develoeed the cusiom P mooes.
sz + Cathoot - Anchiiteers S PLEOELNE)

& 1799
spedralal, [nc and the Mational Renewable Energy Laboratory develop a
phatovdtaic solar el that converts .3 percent of the sunlight that hitsit inte
electricity, The high cenverdon efficiency was achieved by combining three
layers of photovoltaic materials into a sngle solar cell, The cell performed mest
effidently when it received aunlight concentrated to so times normal, Touse
suchealls in practical applications, the cellis mounted in a device that uses lenses
of mitrersto concentiate sunlight omathe cell, such "concentator” systems
are meunted on tracking systems that keep thermn pointed toward the sun,

1999

The Mational Rerewable Erergy Laboratory achieves a rew efficiency record for
thin-film photowvoltaic solar cells, The measurement of 18.8 percent efficiency for
the prototype solar cell topped the previous record by more than 1 pereent,

Waran Gr: i ARELS FODHA2

1797
Cumulative wor ldwide installed photovoltaic capacity reaches 1ooo megawatts,
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This timelinalists the milastones in the historical develcpm ent of
solar technol ogy in the 2000s.

e

F_ S I plalets
Irst Solar. First 5olar begins production in Perrysburg, Ohio, at the world's large st

photovaltaic manufacturirg plant with anestimated ca pacity of producing

Crustaspo Al enough solar panelseach year togenerate 1 oo megawatts of power,

— plealets
Atthe International Space Station, astronauts begin installing solar panels on
what will be the largest solar power array deployed in space, Each ™wing” of
the array consists of 32,500 solarcells,

-— plalelel
sarelia Mational Laboratories develops a new inverter for solar electric sy sems
thatwillincrea se the safety of the systemsduring 2 power outage. Inverers
corvert the direct current (DO electrical output from solar systems into
alterrativg current (M0, which is the stardard current for household wiring
and for the powveer lines that supply electricity to homes,

.- rleletel
T new thin-film solar modules, developed by BP Solarex, brea k previous
petformance records, The compary's o.5-squa re-meter module achieves 10,8 9%
corwetsioh effcizncy—the highest inthe world for thirdfilm modules of its Knd,
Ard its o.p-squa re-meter mod ule achieved 10,6% corversion efficiercy and a

o - pioveet output of g1.5watts — the highest power output for any thin-film
E_ b el module in the warld,
RODFS
— plelelel

& familyin Morrison, Colorado, installs a 12-kilowatt solar electric system onits
hiome—the largest residertial installation inthe United States to be registened
with the U.5, Department of Erergy s hitp: fveseve. millionsolarroofs.comf "Million
Solar Roofs” program, The system provides most of the electricity for the & ooo-
square-foot home and family of eight,

— 2000

Home Depot kegins selling residential solar power systems inthree of its stores in
san Diego, California, & year later itexpands sales toinglude 81 stores nationwide,

200
P& 54S solar-powered aircraft— Helios sets a newe world record for norrrocket-

Courtar RS Crpeen SBght Recaarch poveered aircraft; pé, 883 feet, more than1d miles high,

Genks Phert: Callseticn — Fhoto caption: The Helio s Frofotyoe teing wing i= shown near the Hawaiian f=fanads during its tirst

te=t Mgt on solar power. (Fhoto Sourtasy of NASA, Dneden Filght Aesearch Canfar Fhofo Colfection)

—_— pleley|
The Matioral Space Development Agency of Japan, or NASDA, annourees plans
todevelopa satellite-based solar power system that would beam energy back to
Earth, A satellite carrying large solar parels would use a laser to transmit
the power toan airship atanaltitude of about 12 miles, which would then
transmit the power to Earth,

e 2000
Terrasun LLC develops a unique method of using hologra phic films o
corcentrate sunlight ortoa solarcell, Corcentrating solar cells typically use
Fresnel lenses or mirrors to comeentrate sunlight, Terra Sun claims that the use
of holographic optics allows more selective use of the surlig ht, allowing light not
nieester] for poweer production to pass through the transparent modules, This
10 capability allowes the modules to be integrated into buildings as skylights,
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2000

PoveerLight Corporation places online in Hawaii the world's largest hybrid
system that combings the power from both wird and solar erergy, The grid-
connected system is unusual in that its solar erergy capacity— 175 kilowatts—
is actually larger than its wind energy capacity of so klowatts, Such hybrid
poveer systems combine the strengths of both energy systemstomaximize the
available power,

200

British Petroleum (BPYand BP folar announcethe opening of a service station
in Indianapolis that featuresa solarelectric canopy, The Indianapd is station is
the first U.5, "BF Connec” store, a model that BF intends tousefor all new ar
sighifi cantly revamped BP service stations, The canopy i s built using translucernt
phaovdtaic medules made of thin filins of silicen depodted ento glass,

— Phata Captian: Tha Pawerlfew Sami-Transrarent Phatavaitaic Madine, dewvelapad by WMREL and
EP Sofar, (s a novel system fiat sere s as a roaf or window while creating power for a boiding. EP
has= to data ihcomso Ated e sy=tarmn ik mara that {50 of itz zarvice stations and' ha panars are

anvsionad (o tkacome 3 functional repfacemant for conventional giass in walls, canories, atiums,
antrances anad facadas in commercial and residential arch itactrea. (IWarren Gratz, WREL /P 11972)

2002

I ASA successtully conductstwo tests of a soar-powered, remote-controlled
aircraft called Pathfinder Plus, Inthe first test in July, researchers
dermonstrated the airaraft’s use as a high-altitude platf orm fortele
corrrmunications techng ogies Ther, in Seprember, a tes demeonstrated

its use as an aerial imaging systerm for coffes grovers

— Fhata Caption: The Pathindar Flus i= 3 ightwaight, soiar-pawered, remataly pioted faing wing
aircrat that is demonstrating e technology of a8 pring saiarower far long-ouration, high-a ititods
tight. This sofar powarad airerart comd siay airtarne far weelcs ar manths an saentifc amgsin g
andimaying missions. Soiar arrays covering mo=t of fa upwer wing sarface provide powar for
tha aircralt's afactic matars, 3wanics, commuonications and afer elfedronic systams. |t alzo has a

ta gy battarnys system that can provide power for batwaan tea and dvwe hoors ta afow fmitao-
durration thght artar dankt [Photo Courtesy of WASA, Oneden Aight Ressarch Centar Photo Coffection |

2002

Union Pacific Railroad installs 350 blue-signal rail vard lanterns, which incorporate
enerdy saving light-emitting dicde (LED) technology with solar cells, atits Marth
Platt, Mebraska, rail yard —the largest rail yard in the United States,

2002

ATS Automation Tooling Systems Ine, in Canada starts to commercialize an
innovative method of produeivg solarcells, called Spheral Solar technology.
The techhology— ba sed ontimy silicon beads bonded between two sheets of
aluminum foil — promises lower costs due to its greatly reduced wse of silicon
relative tocomentional multicrystalline silicon solar cells, The technology is
not rev, 1t was championed by Texas Instrumerts (T3 in the early 19 os, But
despite U.5 Department of Energy (0 OE) funding, Tl dropped the initiative,
See the DOE hitp flawewnrelgowipematsti htm| "Photovaltaic Manufacturing
Technology ™ Web site,

2002
The largest solar poveer facility in the Mortbwest—the 387 kil owatt
White Bluffs Solar Station—goes anline in Richland, W shington,
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2000

Powerlight Corporation installsthe largest rooftop solar power system in the
United States—a 1,18 megawatt systerm—at the Santa Rita Jail in Gublin,
Calif ornia,

— Fhate Caphion: n Spang 002, Afanreda Sounfy, G4 successfully corvpieted the fourth arges sofar
gigcic swsfen in the wond afop the Sanfa Hifa [0 in Dublin, Californiz. This sof@arinsaifanon, the
United States farges rooffop swsfane, Was comrissonad fo help Alareda Counfy reduce and sfabiiize
fuluke enevgy co's, This sear energy project reduces me Jai's usa of uliihe-generatad alecinci by
S0 throwgh sofar power gig Neraion and eneryy consenvation. Cigan energy (s generated by 3

1. 16 Magawatt svsien: consisting of fhrae ackes of soiar eleciic of photovalfaic (FlY) paneals.

[ ounesy of Fowerlight Corporation £ PETZ5E8)

Here's a lock at the expedied future diredtion of solar technol ogy.

s All buildings will be built tocorbine enerqp-efficient design and construction
practives and reneaable energy technologies fora net-zero energy building In
effect, the building will conserve encugh and produceits own energy supply to
createa new generation of cost-effective buildings that have zeronet annual
need for non-renessable energy.

— Fhoto Gzpfian; This home wes Built by siodents for the University of Golorzab (GUY for the first

Solar Deszibion, & sompeliion spopsored by fhe U5 Deparment of Sergy [DOE). Student fezms zE
shzlienged o infegrale sesthetss znd Modem Sonvenienses Wb Maxmun epemy prodeion znd gpima’
effiiensy. Sueh coliegile ez il buiid  uniguely designed S00-82 -- S004L2 house. Deseiletes wil

frensponed Mheir houses fo the Naions el in Waestinglon LG for the sompetiion in e &0 of 002
The G feam took irst prize in fe sompefiion overzil, (Chns Gunn Photagranty £ FAT2165)

Dk Gurm Pratographp [FTCLHES

— Photowvaoltaics research and development will continue intense interast in new ma-
terials, cell designs, and novel approaches to solar material and product develop-
ment, [tisa futurewhers the clothes you wear ard your mode of transportation
tan produce power that is clean ard safe,

Technology roadmaps for the future outline the research ard developmert path
to full com petitiveress of corcentrating solar power (5P with corventional
poveer gereration technologies withina decade, The potential of solar power in
the Southwest United States iscomparable in scale to the bydropower resource of
the Morthwest, & desert ares 10 miles by 15 milescould provide 2 0,000 megawatts
of power, while the electric ity reeds of the entire United States could theoretically
be met by & photovaltaic array within an area 100 miles ona side. Comeentrating
solar poveer, or solar thermal electricity, could harress the sun's heaterergy to
provvide large-scale, d omestically secure, and ervironmertally friendly electricity.

— Fhote Caprion: This is the word's (argest solar poder fGFoility, focated near Kramer uncion, Gd.

The facility consists of tive Sofar Elechic Generatng Stafions (SEGS), wih a condbined capacity of 150

meganalts. Af capacty (hat 15 enough power for TS0000 hores. The fGoilite covers noore than TG00
acres, Wit aver 1 milion sguare mefers of coffec! or surace. [Kramer unciion Company s FLETIEAT)

The price of photovoltaic power will be com petitive with traditional sources of
electricity within 10 years.

+— solarelectricity will be used toelectrolyze water, prodwing hydrogen for fuel
cells for transportation ard buildings,

— Fhate Gaphion: Suntine, 3 CAfomIa franat 3 gency, 15 beingy evaluared as fey add' Sate-otihe-an
fiwdrogen el calf busas fo meir feers and' ser up infastuciure GEeilities for Leing and reinfenance.
The hvdrogen = produced ar fhe site usng sofarpowered efecfrolsis and' namral pas rafmeing.

. EBecausa fuel cell buses aren’t ver comemearcialy avaiabie, fiese demronsiation projects are used fo
Wishacd Passhd PO fetier understand te fechnology and plan for the ffure. [Richard Farishd FUG7S)

Used with permission, EERE, U.S. Department of Energy
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Understanding Solar Energy Laboratory Manual

Solar History

Solar History Timeline Project

1. Research the information at http://www.californiasolarcenter.org/history.html
John Perlin’s links at the California Solar Center website summarize the history and
development of photovoltaics, solar thermal and passive solar architecture. Review each
of these three areas on the website to better understand the three main subject areas.

2. In your group select (or receive from your instructor) one of the nine topics for further
research. The topics are:
. Early development and use of solar energy from 600 B.C.E. - 1700s
. Historical development of passive solar architecture
. Historical use of passive solar architecture
. Historical development of solar thermal
. Historical use of solar thermal
. Historical development of photovoltaics
. Historical use of photovoltaics
. Solar Energy Scientists - select major contributing scientists, include both
achievement and personal information
. Future research and development in the field of solar energy
3. Research your topic using the Department of Energy’s timeline at

http://wwwl.eere.energy.gov/solar/pdfs/solar_timeline.pdf
Focus your information to your topic only.

4. Use these two references and one more reference of your choice to gather information
with the purpose of developing a class presentation covering your solar energy topic.

6. Presentation: Your group’s expectations and goals should be based on meeting the criteria
in the presentation rubric.

Class Discussion

1. Decide on one or more features of using solar energy in our society which is the most
effective with the least environmental impact.

2. Develop an action plan to increase its use as a non-polluting, greener, energy source in
our society using the historical development and use that you learned during your class’
presentations.

3. Defend your plan and its need for future political support as a way to supplement our

society’s future energy needs and reduce the use of other polluting energy sources. Be
ready to answer the following questions:
. What is your reasoning for selecting this aspect of solar energy? How was this
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aspect of solar energy used in the past? Why should we increase its future use?

. What strategies or conditions are needed to implement its use?
. What barriers or restrictions need to be considered?
. When should we begin implementing this plan?
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