Understanding Solar Energy Teacher Page

Solar History

Student Objective
The student: Key Words:
. will identify major events and passive 501?1"
developments in the history of solar photovoltaic
energy solar collector
. will work cooperatively to create a solar fu.rnace
poster or computer generated splar S_“H
presentation that communicates time line
information.
Materials: Time:
. internet and book resources 1 - 2 class periods for research and
. internet and computer presentation development
materials 1 - 2 class periods for presentations
. time line information and discussion
Procedure
1. Divide the class into seven (7) groups of students; the number of students in each group
should be as even as possible.
2. 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.

3. Assign one of the seven themes to each group; or let students select one for their group so
that each group has one of the seven different themes. The seven groups are:
. Early development and uses of solar energy from 600 B.C.E. - 1700s
. Historical development and uses of passive solar architecture (1800 to present)
. Historical development and uses of solar thermal (1800 to present)
. Historical development and uses of photovoltaics (1800 to present)
. Solar Energy Scientists - select major contributing scientists, include both
achievement and personal information
. Solar Energy milestones, 2002 to present; update EERE timeline used in this
lesson
. Future research and development in the field of solar energy
4. Explore: All students will research their subject area. Students should use the time line
information, and at least three resources to develop a class presentation.
5. 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
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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.

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.) You may wish to print out
or make available the haiku summary of the IPCC’s 2013 climate change report
(http://daily.sightline.org/2013/12/16/the-entire-ipcc-report-in-19-illustrated-haiku/)
to help spark creativity in the groups.

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

Evaluation and Student Assessment

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

Organization - coordinated and
thoughtful

Haiku - supports theme, is
reflective and conveys emotion

Overall - Group was prepared and
full participation is evident
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Class Discussion Rubric

Criteria 8 7 6 0
Excellent High Acceptable | Not Done
Quality

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.

Key Words & Definitions

. 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

Related Research:

1. Have the students produce skits about their time period.

2. Write and propose a new policy to implement solar technology in a place of your choice.

3. 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.

4. Develop a homeowners guide to use more solar technology as a source of energy in the
home.
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Related Reading

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.

Let it Shine: The 6,000 Year Story of Solar Energy by John Perlin (New World Library,
2013)

In this book, author John Perlin 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.

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://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.
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Understanding Solar Energy Florida and National Standards
Next Generation Science & Common Core

Solar History

Florida NGSS Standards & Related Subject Common Core

1 (234567891 1|11 |f1]|1]|1|f1]1]1
1 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 Grades 9 & 10: LAFS.910.W.3.7, LAFS.910.W.3.8, LAFS.910.SL.2.4,
LAFS.910.SL.2.5, LAFS.910.L.3.6
Grades 11 & 12: LAFS.1112..W.3.7, LAFS.1112.W.3.8, LAFS.1112.SL.2.4,
LAFS.1112.SL.2.5, LAFS.1112.3.6
Social Studies Standards SS.912.A.1.3, SS.912.A.1.5, SS.912.A.3.4,SS.912.G.5.3, SS.912.W.1.1
Science—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.
Science—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.
Science—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.
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. SC.912.L.17.20 - Predict the impact of individuals on environmental systems and
examine how human lifestyles affect sustainability.

Language Arts—Writing Standards

. LAFS.910.W.3.7 & LAFS.1112.W.3.7 - Conduct short as well as more sustained research
projects to answer a question or solve a problem; narrow or broaden the inquiry when
appropriate; synthesize multiple sources on the subject, demonstrating understanding of
the subject under investigation.

. LAFS.910.W.3.8 & LAFS.1112.W.3.8 - Gather relevant information from multiple
authoritative print and digital sources, using advanced searches effectively; assess the
usefulness of each source in answering the research question; integrate information into
the text selectively to maintain the flow of ideas, avoiding plagiarism and following a
standard format for citation.

Language Arts—Standards for Speaking and Listening

. LAFS.910.SL.2.4 & LAFS.1112.SL.2.4 - Present information, findings, and supporting
evidence, conveying a clear and distinct perspective, such that listeners can follow the
line of reasoning, alternative or opposing perspectives are addressed, and the
organization, development, substance, and style are appropriate to purpose, audience, and
a range of formal and informal tasks.

. LAFS.910.SL.2.5 & LAFS.1112.SL.2.5 - Make strategic use of digital media in
presentations to enhance understanding of findings, reasoning, and evidence and to add
interest.

Language Arts—Language Standards

. LAFS.910.L.3.6 & LAFS.1112.L.3.6 - Acquire and use accurately general academic and
domain-specific words and phrases, sufficient for reading, writing, speaking, and
listening at the college and career readiness level.

Social Studies—American History

. SS.912.A.1.3 - Utilize timelines to identify the time sequence of historical data.

. SS.912.A.1.5 - Evaluate the validity, reliability, bias, and authenticity of current events
and internet resources.

. SS.912.A.3.4 - Determine how the development of steel, oil, transportation,

communication, and business practices affected the United States economy.

Social Studies—Geography

. SS.912.G.5.3 - Analyze case studies of the effects of human use of technology on the
environment of places.

Social Studies—World History

. SS.912.W.1.1 - Use timelines to establish cause and effect relationships of historical
events.
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Understanding Solar Energy

Time Line
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Solar technology isn't new. Its historny spans from the 7th
Century B.C totoday We started out concentrating the
sun's heat with glass and mirrors tolight fires. Today, we
hawe avarything from solar-powered buildings to sclar-
powered vehicles,

Herewou can learn more about the milestones inthe
historical development of solar technol ogy, century by
century. and year by wear, You can also glimpse the future,

This timeling lists the milestones in the historiaal development
of solar technology from the Tth Century B.C to the 1200s A4D,

7th Century BC
Magnifying glass used to concentrate un's raysto make fire and tobum ants,

ard Century B.C
Greeks and Pormans use buming mirrors to light torches for religi ous purposes,

2nd Century B.C

As early as 21z B, the Greek scientist, Archirmedes, used the reflective
properties of bronze shields to focus sunlight and to set fireto wooden ships
from the Rorman Empire whichwere beseging Syracuse, {Although noproof
of such a feat exists the Greek nawvy recreated the experiment ind gr3 and
successfully set fire to a wooden boat at a distance of so rmeters)

20 A

Chinese decument use of burning mirrers tolight torchesfor religious
purposes,

1¢k to gth Century AL

The famous Roman bathhouszs inthe first to fourth certuries A0 had large
south facing wirdows tolet in the sun’s warmth, For anexample, see information
onthe Http: /it hum hujiac.ilfa rchaeologyizipporiffomanseph.htm Zpporiin
the Roman Period from the Hebrew U niversity of Jerusalem.

ath Century A D.
sunrooms on housesand public buildingswere so camrmen that the Justinian
Code initiated "sun rights” to ensure individual accesstothe aun,

12005 A0,

Ancestors of Puzblo people called Anasazi in Morth America live in scuth-facing
cliff ehwellings that capture the winter sun,

Florida Solar Energy Center

Solar History / Page 7



This timelinalists tha milestones in the historical develcpm ent
of salar technalogy from 1747 to 8o,

e 1767

Swiss wientist Horace de 5aussure was credited with building the world s first

o solarcollector, later used by Sir John Herschel to cook food during his South Africa
I v o expedition in the 18305, Sethe Solar Cooking Archive for more irformation on
Pl g bt pffsola reookire, org/s wssure bitm 5 ssure and His Hot Boses of the 17008,

Mhstration.

Sl e, maapatore) 816
On Septernber 27, 181 & Robert Stiding applied fora patent for his economiser
at the Chancery in Edinburgh, Scotland, By trade, Robert Stiding was acually
a rninisterin the Church of scetland and he continued to give services until
he was eighty-six years old! But, in his spare time, he built heat enginesin his
home workshop. Lord Kelvin used one of thewearking maodels during some of
his university classes This enginewas|ater used in the dish/Stiding system, a
solar thermal electric technelogy that concentrates the sun's thermal ensrgy
in orderto produce power,

— 1839
French scientist Edmond Becquers| discoversthe photosveltaic effect while
experimenting aith an electralytic cell made up of nwio metal electrodes placed
in an elecricity-conducting solution— electricity- genarati on increased when
exposed tolight.

- 18608
Frereh mathematician August Mouchet proposed an idea for solar-powered steam
engires, |hthe following two decades, he and hisassistare, Abel Pifre, construe red
(34 A the first solar powered engines and used them for a variety of applications, These
H engires became the predecessors of modern parabolic disheollectors,

Selenium
Se —
Y, Willoughby Smith discoversd the photoconductivity of seleniurm.
— 1874
Gowiip f i !

1874 William Grylls Adamsand Richard Evans Day discoserthat selenium
produces elecricty when exposed to light, Although selenium solar cells failed
tocanvert enough sunlight to power electrical equipment, they proved that a
solid material could change light inte elecricin without heat or moving parts,

M FramnSpaes ko Barthr
TheStanp o FSakir Bk cciy

§— 1850
sarnuel P, Langley, imeents the bolometer, which is used 1o measure light from
i — the faintest stars and the sun's heat ray s It consists of a finewire conneced
L S | toan electric creuit, When radiation fall s on the wire, it becormeswery slightly
Sawel e : : :
Mmyo[fi’.ﬁﬁ‘ mmm waatner, This inereases the electrical resistance of the wire
— 1883

Chares Fritts, an American inventor, described the first solar cells made from
selenium wafers,

- 1887
Heinrich Hert z discovered that ultravidet light altered the loaes: voltage ca-
pable of causing a spark to jurmp betwesn two metal electrodes,

m 1851
Baltimeare inventor Clarence Kemp patented the first commercal solar
P — wiater heater, Fgr rnore infonmation on lthe wiater heater, see the ; .
Cowrbepafskhn b ]f_"'_"r http:/ fenaner ca lif omia solarcenter.orgthistory_sdarthermal. html Califernia
b b K Solar Center.
2
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This timelinalists the milestones in the historical develcpm ent
of solar technology in the 1poos,

1904
Wilhelrn Hallwachs discovered that a cembination of copper and cuprous o-ide
is photosendtive,

bt Bk, rowrbap of
e Cafts dacabi dnhivgg,

Ll iy 2oF R b g 1905
a= .l -2 Albert Einstein published his paper on the photoslecric dfect (alongwith a
Bt B 2T paper on histheony of relativityd,
Ralabddty aqeabion

— 1908
1eodwWilliarm l, Bailley of the Carnegie steel Cormpany inventsa solar colledor
with copper cails and an insulated ba<— roughly, it's present design,

— 1994
= The exsence of a barrier layerin photovoltaic dewviceswas noted.
o H L 1016
T R.obert millikan provided experimental proof of the photoelearic effect,
L o ARV |

Palish scientist Jan Czochralski developed a way to grow single-cry stal
silicon, For more inforrmation on Czochralski, see the article
http:firekt.pol.lublin pliusers/prwhkiarta.htm Prof essor Jan Caolchralski
{1885-1p5 ) and His Contribution to the Art and Science of Grystal Growth,

: 1921
Albert Einstein winsthe Wobel Prize for histheories ¢ ooy research and techni-
cal papery explaining the photoelecric effect.

— 1932
Audobert and Stora discover the photovoltaic effect in cadmiurm sulfide (Cd5),

Snatitpetlaliedn e 1747
147 Passive solar buildings in the United Stateswers in such dermand, asa
result of scarce energy during the prolonged Wi, that Libbey- Craens-Ford
Class Cormpany published a bodk entitled Your Solar House, which profiled
ferty-nine of the natien’s greatest solar architeoas
http:fhanans califomiaselarcenter.org/hi story_sdarthermal.htrml,

I 1953
Dr. Dan Trivich, Wayne State University, makes the firs theoretical
caleulations of the efficiencies of wvarous materials of different band gap
widthsbased en the specrum of the sun,

1954
154 Photaveltaic technelogy is born in the United States when Daryl Chapin,
Calvin Fuller, and Gerald Pearson develop the silicon phot ovoltaic (PW cell at
Bell Labs—the firg soar cell capable of converting enough of the sun’s energy
into power torun everyday eledirical equipment. Bell Telephone Labormtories
produced a slicon solar cell with 4% efficiensy and later achieved 1 %
efficiency, see thehttp: jfana califomiasolarcenter orgrhistony_pw.html for

Ball Cabs siertioks, Danpl Chaplin Caliin maore information.
Fullar and Gapald Paaeean powrts paf
dnkwy Farin

T EE
Westem Elecrie began to sell commercial licenses for silicen phoetovoltaic (P
techndeogies Early successful preducs ingluded Py poaered dellar bill
changers and devicesthat decoded computer punch gards and tape,
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-— Mid-1gsos
Architect Frank Bridgers designed the world'sfirst commercial office building
using solarwater heating and passive dedgn, This solar sy $em has been
continueudy cperating since that timeand the Bridgers-Paxton Building, is
newa in the Mational Hisorc Register as the werld's first solar heated office
building.

— 1956
YWilliarm Chemy, U5 Signal Corps Laboratores, approaches RCA Labs' Paul
Rappapott and loseph Loferski about developing photoveoltaic cells for
proposed arbiting Earth satellites

1557
Hoffrnan Elecronics achieved 8% efficient photovoltaic cells

: 1958
T. Mandelkorn, U.5. Signal Corps Laboratories, fabricat es n-onp silicon
photovdtaic cells (ertically impertant for space cells; more resstant to
radiation.

B 1958
Hoffrnan Electronics achieves o3 efficient phatordtaic cells,

— 1958
Thevanguard | gpace satellite used 3 small lessthan onewatt) array to
poweritsradios, Laterthat year, Explorer|ll, Yanguard II, and Sputnik-3were
launched with P powered systems on beard. Despite faltering attermpts to
commetcialize thesilicon saar cell in the1ogos and éos, itwas used
suceessfully in powering satellites, 1t becarme the accepted energy source for
space applications and remains so taday, For more informati on, seethe
Srithsonian Mational Airand Space AMuseum’s infonmation on
http:ffanananasim.siedufna smfdshiartifact sp55-wanguard htrm ™fanguard 1%,

= 175%
Hoffrnan Electronics achieves 109 efficient, commaercally available
phatovdtaic cells Haffrnan alsoleamsto use a grid eontact, redudng the
set esred gance significantly,

2 I 1959
' O August 7, the Explorer ' satellite is launched \with a phatovdraic artay of
f edoo cell s (1 cmx 2 em each), Then, en October3, the Explorer Wl satellite
Cartcp aFhHgd ek ke T, o iz launched,
= 1980

Hoffrnan Electronics achieves 149 efficient: photoveltaic cells,

— 180
Silicon Sensors Ine, of Dodgeville, Wisconsin, isfounded, It starts producing
seleniurm and silicon phatoveltaic cells,

R 1982
Bell Td ephone Laboratories launches the first telecommunications satellite,
Bell Labs the Telstar {initial power 14 watts),

1 1963
Sharp Corporation succeedsin produd ng pracical silicon photoveltaic

SHARP redul es,

190563
Japan ingalls a 242-watt, photoveltaic arrmy on a lighthouss, thewerd's larg-
est array at that time,
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- 1082
Wolksaagen of Genmany begins testing photowveltaic anays mouned on the
roofs of Dasher station wagons, genemting 160 wattsfor the ignition system,

n 1982
The Flarda sdar Energy Center’s
' , http:fhananaf s ucf edu/Aboutiqual ind e htme recent con *Southeas:
f\ écC Peddential Experirnent Station” begins supporting the U.5, Department of
Energy’s phat ovdtaics prograrm in the application of systerns engineering,

— 1982
YWorldwide photovoltaic producdtion exceeds 0.3 megawatts,

B 1983
ARCO Solar dedicatesa &megawatt photovoltaic substation in central
Califormia. The wworacre, unmanned facility supplies the Pacific Gas &Electric
Carmpaty’s utility grid with encugh poaer for s, oo, 500 homes,

i 1983
Solar Design Associates completes a stand-alone, 4-kilowatt posered horme in
the Hudson RiverWalley,

IS 1983
WWiorldwide photovoltaic predudion e<ceedsay, 3 megawartts, with @=les of
more than sago million,

- 1984
The Sacramento Municipal Utility District commissions itsfirst +-megawatt
photovdraic electridty generating faclivy,

i 1985
The University of South Wales breaks the 0% effici ency barrier for silicon
solar cdlsunder 1-sun conditions

- 1984
108 & The world's largest solarthermal facility, loated in Kramer Junction,
California, was commisd oned, The solar fid d contained rows of mimrors that
concentrated the sun's energy onto a systerm of pipes droulating a heat
transfer fluid, The heat transfer fluid wasused to produce stearn, which
powered a conventional turbine togenemte electricity,
— Fhata Caption: This saiarp-ower piant facatad in Kamear Juneton, Cailitamia, (= tha (angast of nine
such plants boiit i tha 1950, kg aparatan, off in $a ra caiver tutas colfacts the concantratad

=ofar anaryy a5 feat and is pumpad (o a powar tfock focated at e powear prlant for gene ratng
aladricity. {Warran Gratz, WEEL ./ PIKD (224)

Wiamen (e ANEL £ FODUN 7 1986
ARCO Solar releases the G-4ooo—theword's first commercial thin-film

power module,

— 1988
Dt Alvin Marks receives patents for two sdar power technolegies he
developed: Lepoon and Lurmeloid, Lepeen consists of glass panels coversed with
awvast array of milliens of aluminum or copper strips, each less than a micron or
thousandth of a millimeter wide, As sunlight hitsthe metal strips, the energy in
the light istransferred to electrons in the metal, which escape at one endin the
form of elecricny, Lurneloid uses a similar approach but substitutes cheaper,
film-like sheets of plastic forthe glass panels and coversthe plasticwith
conductive paymers, long chains of maecular plasic units,
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L A— 1991
‘L_é“ N?:_ Presiderm George Bush redesignates the U5, Department of Energy’s Solar
v Energy Research Institute as the Mational Renewabl e Energy Laboratory,

— 1902
1o University of South Flerda developsa 15.9% efficient thin-film
phatovdtaic cell made of cadmium tellurde, breaking the 15% barrierfor the
first tirme for thistechndogy.
— Phata caption: Thik-fim madiifas, soch as fis ona mmade Wit amash ows silican, can ta dapas

itad an a vanety of iow-cast substd tas, inciwaThy mass and taxitia piastic shaats, (Warren Gratz,
NWREL ¢/ PINGa5d 1)

1992
A7 5 kiloaat pracaeype dish systerm using an advanced aretched membrane
concentrator becomes operational,

— 1993
1003 Pacific Gas & Electric completes installation of the first grid-supported
phatovdtaic systerm in Kenman, California, The soo-kilowatt systerm was the
first "distributed powsr” effor,
— Fhata caption: Pacific Gas and Efectric Company (PGEE ] in stalied a SO0-hiowat photow faic
sytam at its Kannan sub=@aton ta rainforce 8 waak fadar. PEEE foun o' that oianboted systams
lifre this hava measzuratde tanafits such a5 ihoraa a o systam refiabiity and peak-shawhg capatsi-
tigs. (Tarry &' Rownie /A PIKOGRSE]

= 1774

Ty Dtisurke £FLNISS The Mational Renewable Energy Laboratory (Formery the Solar Energy
Reszarch Institute) completes construction of its

http:fpanananrel gorbuildingsfhighperfarmancessed . homl *scar Enargy
Reszarch Facility™, which was recegnized as the meost energy-efficient of all
U5, governmert buildings worldwide, It features not only solar elecric
systetr, but alsoa passive solar design,

1994
First solar dish generator using a free-piston Stirling engine is tied toa wtility grid,

g 1774
The Mational Renewable Energy Laboratory develops a sdar cell—madefram
gallium indium phosphide and galliurm arseni de—that becomes the first oneto
excesd 309 comversion efficdency,

1994
Thewodd’s mod advanced sdar-powered airplane, the lare, flew over
Cerrmany, Thewings and tail surfaces of the lcare are covered by j000
super-efficient sdar cells, with a total area of 21 . See
http:fhananaif bouni-stuttgart deficare/pictures/ica-flo.jpg "Sdar Aircraft of
the University of Stuttgart” for mere information about leare,

Whrean D, MREL APISLEEY

—— 190
The U.5. Department of Energy, alongwith an industry consortium, begins
operating Soar Two—an upgrade of itsSolar One concentrating solar poswer
tosvier project, Operated until 199q Solar Twe dermonstrated how sclar energy
tan be stored efficiently and economically sothat power can be produced even
wihen the sun isn't shining, It alsof ostered commercdal interest in power
tomviers, See et p: s energylan sndia.govsunlab/snapshotSTFUTURE htm
“solar Tweo Demonstrates Clean Power for the Future™for maore inf orrmati on,
— Fhata Caption: The Soiar Twa prajact will improve the {0-megawat Safar Cna cantral racainar
Biant in Daggate, CA. A fraid of mirrarad helfostats fcosas sovight an 3 200-faat (91 matarl towsar,
which wiil ta fifed with maiten nitrate =alt. The it fows lice water and' can ba heatad o 57
degraas & The it is pumpad throwgh a steam ganarator ta produce e S8 arm (0 powar 3 con-
wantional, high- eficiancy staam turtine (o praduce efectrcty (566 dagreas G fSandia Wational
Lataratamas £ PIXMFOT)

Sanady Mational Caboeaboi o f FOCH A1
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-— 1908
The remote- ontrolled, solar-powered aircraft, "Pathfirder ™ sats analtitude
rex ord, 80,000 feet, on its 3 gth consecutive flig bt an August &, in Monrovia,
Califarnia, Thisaltitwde is higher than any propdriven aircra f thus far,

— 1998
subhendu Guba, a noted scizntist for his ploreering work inamorphous silican,
led the imvention of flexible solar shingles, a roofirg material and scate-of-the-are
technology for converting sunlight to electricity,
— Fhoto capion: The FI shingles neount directly on fo the roof and' fke the place of azphalt shingles.

The sysrans (= connected fo fhe wriity grid trough an inverter and' produces electncy on cusfomer's
=ide of the mefer United Soiar Systenes Corporation © FPEGEESE]

1999
1gge Constrietion wascompleted on 4 Times Square, the tallest skyscraper built
in the1ggos in Mew York City, It ircorporates more energy-efficient building
technigues thanarmy other commercial skyscraper ard also includes building-inte-
grated photovoltaic (BIPY) parels on the 37th through 4z rd floors on the south-
and west-facirg facades that produce a portion of the buildings power,
— Photo Capticty: o Times Syuanes most advamted featoy e i (e phofoweitaic skiv, a system mat
wEes thir- 0hm P pareels o replace 3 ditfonal glass ofaddig materal. The P conat wal exterd's
frotn the 25th 6o the J86h fooy orr the south and eastwals of the Boidfrg, malktrg ©a highly wsitls
pat of the miotowts ffew Yok sigfive. The developer, the Ourst Qopamization, has implemenfed
3 wide vaniety of healthy builditng and errengy efficiehcy strategie s, Hiss + Cafh o Architecrs
desigred e boidiny's OL syerem i collaboration with Sor and Sowde, te Base boiding

architents. Erengy P ofowaltaios of Primeeton, ML, developed the cosiom © 17 mootles.
(liss + Catheoty - Anehiteers S PILNDEALE)

1923

Spectrolab, [ne and the Mational Renewable Energy Laboratory develop a
phatovdtaic solar cell that converts 3.3 percent of the sunlight that hitsit inte
electricity, The high converdon efficiency was achieved by combining three
layers of phatoweltaic materials into a dngle solar cell. The cell performed meost
efficiently when it received sunlight coneentrated to o times normal, Touse
sucheells in practical applications, the cellis mounted in a device that uses lenses
or mitrersto concentrate sunlight emo the cell, such "concentrator” systems
are mounted on tracking systerns that keep them peinted toward the sun.

ikl

The Matiomal Rerewable Erergy Laboratoryachieves a rew efficiency record for
thin-film photosaltaic solarcells, The measurement of 18,8 pereent efficiency for
the prototype solar cell topped the previous record by more than 1 pereent,

Wyran e it AREL S FOOHSE

1999
Cum ulative wor ldwide installed photow ol ic ca pacity reaches 1000 megawartts,
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Thistimelinalists the milestones in the historical developm ent of
solar technology in the 2000s,

—
First Solar.

lelals]

First 5olar begins production in Perrysburg, Ohio, at the world's langest
photovoltaic manufacturing plant with an estimated capacity of producing
Coutazp o HUA5A enough solar panels each year togenerate 1 0o meg awatts of power,

= 2000
Atthe International Space Station, astronauts begin installing solar panels on
wehat will b the largest solar pover array deployed in space, Each ™wing ™ of
the array consists of 32,800 solar cells,

sarelia Mational La boratories developsa new inverter for solar electric systems
that will increa se the safety of the systemsduring a power outage, Inverters
vorwert the direct current (DO electrical output from solar systems into
alterrativg current (A, which isthe stardard current for househald wiring
and for the power lines that supphyelectricity to homes,

— 2000
Two hew thin-film solar modules, developed by BP Solarex, break previous
performance records, The comparmy™s o.5-square-meter module achieves 16,8 %
cormersion effciency—the highest in the world for thinfilm modules of its Knd.
Arel its oog-square-meter mod ule achieved 10,6% conversion efficieney and a
piveet output of gd.5watts — the highest power outpur for any thin-film
module in theworld,

— 2000
A familyin Morrisor, Colorado, installs a 12-kilowatt solar electric system on its
hiome—the largest residertial installation inthe United States to be registered
withthe U5, Deparement of Erergy s http: feeveemillionsolarroofs.com " willion
Solar Roofs” program, The system provides m ost of the electricity for the & ooo-
square-foot home and family of eight

— 200
4 Home Depot begins selling resdential solar power systems inthree of its stores in
6 %an Diego, California, & year later itexpands salestoinclide 81 stores nationwide,
ST s
= — 2001
HASA'S solar-powered aircraft—Helios sts a new world record for non-rocket-
Courp o5 Uspean St s h pioveted aircraft 96,863 feet, mote than 18 miles high,

LRI ion et — Fhofo capiion: The Hefio s Froforyoe (ing wing is shown near the Hawaiian ‘siands ounng is frs

test fighr on sofar power. (Fhoto Courresy of MA.5d, Onsen Fiighr Sesearch Canrer Fhoro Caffecion)

: - 2001
The Matiomal Space Development Agency of Japan, or HASDA, annources plans
todevelopa satellite-based solar pover system that would Beam energy back to
Earth, & satellite carrying large solar parels would use a laser to transmit
the power toan airshipatanaltitude of abowt 12 miles, which would then
transmit the power to Earth,

e 200
Terrasun LLC develops a unique method of using hologra phic films to
comentrate sunlight ortoa solar cell, Comeentrating solarcells typically use
Fresnel lenses or mirrors to comcentrate sunlight, Terra Sun claims that the use
of holographic optics allows more selective use of the sunlight, allowing lig bt not
hieedd e for power produetion to pass through the transparent modules, This
10 capahiliny allows the modules to be inegrated into buildings as skylights,
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POWERLIGHT — plalay]

PoveerLight Corporation places online in Haweaii theworld's la rgest bybrid
system that combines 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 thanits wind energy ca pac ity of go i oweatts, Such bybrid
poveer systems combine the strergths of both erergy systems to maximize the
available power,

Footvar Light Comparation SFUCIELH L 200

bp British Petroleumn (BPYand BP solarannouncethe cpening of a service station
* in Indianapolis that featuresa solarelectric canopy, The Indianapdis station is
the first .5, "BP Connect” store, a model that BP intends tousefor all new or
sighificantly revarmped BP service stations, The canopy isbuilt using translucent
phorovdtaic modules made of thin filins of silicon depodted onto glass,
— Fhota Caption: The Pawerlfaw Serni-Transrarent Phatowo ltaic Module, deveiopad by MEEL and
G Salar (= 3 nowel system hat sanve s as 3 maf or win oow white craating powser for a Goiding. &P
Wamen ik has to date incorpa rated e systermn in mare that 150 of its service Aations and e panels are

AREL S FETEd anvisionad to te come a functional repfacement for conventional miass in walls, canopias, atums,
antrancas and facades i commeroial and residantial architectrrs. Warmen Gratz, WREL /P {1474)

= 2002
MASA suceessf Ul by conductstwo tests of a solar-powered, rermote-contralled
aireraft called Pathfinder Plus, Inthe first test in July, researchers
dermonstrated the aircraft's use as a high-altitude platform for tele
cormunicationstechno ogies Then, in September, a tes demonstratad
its use as an aerial irmaging system for coffee growers,
— Fhata Caption: The Pathivdar Pius iz 3 fightwaight, sofar-pawarad, remmatalyr piotad g wing
aircratt that i= demonstrating the technology of appding soiar power for fong -ouration, high-a fitods
fight. Thiz sofae pawarad aircrart cowd s@y airkarna for waaks or months an soantive samedng
and ltmaging missions. Salar arrays covering ma st af he opgar wing surface prowida powar far
tha aircrart's afactic matars, aWanics, commonications and afier alectronic systams. [t alsa has a

ta ooy frattanys systaim that can prowda powarfor tatwe an e and' fve hoors ta afowr fimitad-
duration tight arter dant [Photo Courtesy of WAS4A, Onedan Aight Besearch Centar Phato Calfaction ]

UNION
PACIFIC

2002

Union Pacific Railroad installs 350 blue-signal rail yard lanterns, which incorporate
energy saving light-emitting diode (LEDY technology with solar cells, at its Marth
Platr, Mebraska, rail yard—the largest rail yard in the United states,

2002

ATS Automation Tooling Systems Ine, in Canada starts to commercialize an
inhowvative method of prodoeivg solar cells, called Spheral Solar technology,
The technology— ba sed ontiny silicon beads bonded berween two sheets of
aluminum foil— promises lower costs due to its greatly reduced use of silicon
relative tocorventional multicrystalline silicon solar cells, The technologyis
niat v, 16 was championed by Tewas Instrumerts (T the 2atly 19005, But
despite U,5 Departmert of Energy (0 OEY funding, TI dropped the initiative,
Va v see the DOE hitp: fvwewe.nrelgowipematt htm| "Photosoltaic Manufacturing

Technology™ Web site,
Courtazpaf
IHFIEAEA LYY Ran p2mn
2002
The largest solar poveer facility in the M orthwest—the 38 .7-Kilowatt

White Bluffs Solar Station—goes online in Ric hland, W shington,
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e ’ 2001
_-"_-;- .'.!-E'};_fﬁ'__ Powerlight Corporation installsthe largest rooftop solar power systern in the
. S - United states—a 148 magawatt sysem—at the Santa Rita Jail in Dublin,

S talifornia,
—

oy cx
o — — Fhoto Caprion: i Spring S06E, diareda Counry, G4 successfuliy commplated tha fourth fanyest sofar
elaciic syAane in fhe world atop fie Sanfa [ira Jaif in Oubling Califomia. This sofar insta fanon, e
Cawtzepof o, Unitad' States' farges rooffop system, was commeissionad i hefp Alanreda County reduce and sfabilize
Fanerlight future energy costs This sean energy profect reclcas me Jai's use of uili-generated afecinicity by

m'{ POWERLIGHT S0 througth sol‘arpowerge!'le_ran'on and enaergy mnservarl'on._ Claan enargy ll'sg'enerareu'tly a
115 Megawart sy=fenr consisting of thrae acras of sofar efectic or photovalaic (Fl) pan afz.
[Courtesy of Fowearlight Corporation /& FUTE595)

Hera's a lock at the expected future direction of solar technology.

Al buildings will ke built tocorbine energy- efficient design and construction
practices and reneaable energy technelogies for a net-zero energy building, In
effect, the building will conserve encugh and produce its own energy supply to
createa new generation of cost-effective buildings that have zeronet annual
need for non-renessable energy,

— Fhata Gapion: This hame wes buiir By srudents fom rbe Ohiversity of Goloread G0 far te first

Sofar Cecsfidon, 2.competion sponsored b the O, 5 Deparment of Shergy [DOE). Srudent feams e
shefenger io infegrafe sesfhelss and Modem convenienees wWith masxim om enemy prodbefon zod opime’
efticiency. Saeh coliaghre feam Wit buiid 2 uniguely designed S00-82 -- S004LF bouse. Dacetietes Wil

frensponed mheir bouses fo the Naions W in Washingron OUC for the comperiion o the &1 of 3002
The GU fear rock first prize (o he compeiion averal. (Chis Gunn Pharagraoty £ FLEIET6S)

Chei: Gunn Photspaghp POOTHES

i— Photowoltaics research and development will continue intense irmerest in new ma-
terials, eell designs, and novel a pproaches to solar material and product develop-
ment, Itisa future where the clothes ywou wear ard your mode of transportation
vat produce power that is clean ard safe,

Texhnology roadmaps for the future outline the research ard developmert path
to full com petitiverness of corcentrating solar power (C5FY with corvertional
poveer gereration technologies within a decade, The potential of solar power in
the Southwest United States iscomparable in scale to the hydropower resource of
the Morthwest, A desert area 1o miles by 15 milescould provide 2 0,000 megawatts
of poweer, while the electric ity reeds of the entire Wnited States could theoretically
be met by a photowvoltaic arraywithin an area 10o miles ona side. Comeentrating
solar power, or solar thermal electricity, could harress the sun's heaterergy to
provide large-scale, d omestically secure, and emvironmertally friendly electricity,

— Fhioto Caption: This is ffe wona’s iargest sofar power Geility, focated near Krarer Junction, G4,

The facifiry consists of tve Soiar Slecmic Generanng Starfons (SEGS), with a comdined’ capacity of 156

mregAWars. Af capacty Mar (s enough power for 750000 hores. The Gty covers meove fhan TG00
Acres, Wit over 1 mifion sguare peerers of colfector surface. (Miamer uncion Corpany © FLCIIGAG)

The price of photowaltaic poweer will be com petitive with traditional sources of
electricity within 10 years,

™ Solar electricity will be used toelectrolyze water, prod weing hydrogen for fuel
cells for transportation aved buildirgs,

— Fhoto Caprion: Sunling, 3 Califormia franat a gency, (s being evaluated as ey aod stam-ofihe-an
fwdvagean el cell buzes ro their teers and sef up NfAsrucire f@Aciities oy Wefing and rmainfenanca.
Tha fiydrogan s produced ar the site uang sola Fpowered elecikoleiz ANd' NAMKET HaE refmng.

. Eecauza fual call buses aren’t ver coremarcialy avaiabie, fiese deronsiation profacts are used'to
Rk Pusich/ OO0 barter undarstand me rechnoiogy and plan for the firure. [Richard Fanzh /P16

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. In your group select (or receive from your instructor) one of the seven topics for further
research. The topics are:
. Early development and use of solar energy from 600 B.C.E. - 1700s
. Historical development and use of passive solar architecture (1800 to present)
. Historical development and use of solar thermal (1800 to present)
. Historical development and use of photovoltaics (1800 to present)
. Solar Energy Scientists - select major contributing scientists, include both
achievement and personal information
. Solar Energy milestones, 2002 to present; update EERE timeline used in this
lesson
. 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 a minimum of three more sources of your choice to gather information with the
purpose of developing a class presentation covering your solar energy topic.
5. For the conclusion of your presentation, write a haiki (a poetic form with a 5-7-5 syllable

pattern). As an example, here is a verse from the haiku summary of the IPCC’s 2013
climate change report written by scientist Greg Johnson:
Forty years from now
children will live in a world
shaped by our choices.
6. Your group’s expectations and goals should be based on meeting the criteria in the
presentation rubric.

Class Discussion Preparation

1. Decide on one or more features of using solar energy in our society that you believe
would be 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
aspect of solar energy used in the past? Why should we increase its future use?
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. 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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