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PRBRSs Prvni brnénska strojirna, a.s.

Od roku 1814
4240 parnich turbin
Celkem o vykonu 18 000 MW

~ inst. elektricky vykon v CR k 31.11.2010
19 407 MW celkem, z toho
10 769 MW parni

3 830 MW jaderné

1 383 MW fotovoltaické
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O Pane nds pomoz teéto zemi a sesli
na nas hrozné strasne nicive krupobiti |
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10 naléhavych problému

R.E. Smalley, MRS Bulletin 30, 412 - 417 (2005).
Future Global Energy Prosperity:

The Terawatt Challenge :
* Energie

* Voda

« Jidlo

. Zivotni prostiedi
 Chudoba
 Terorismus
 Nemoci

Prof. Richard Smalley, « Vzdelani
objevitel fullerenu . Demokracie

Nobelova cena 1996
« Populace
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Energie

Priamérna americka rodina
obklopena barely ropy, ktere
spotrebuje za rok.

Obrazek je z roku 1970.

¢ Dnes by jejich spotreba byla asi o
40% vetsi.
g A kazdy chce zit jako American.
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Terawattova vyzva

Prumérna spotreba lidské civilizace je 15 TW (15000 GW).
Prumérné spotrebuje prumérny obcan:
~11 kW / U.S.A
3 —5 kW / Evropan
~ 1 kW / Cifan
2 KW / prumérny obyvatel planety

Dobra zprava: PoCet obyvatel Zeme se ustali na cca 10 mid.
Spatna zprava: vétSina z nich bude spotrebovavat vic energie.
Pri odhadovanych 4 kW / Clovéka =40 TW.
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Pridani 10 TWznamené:

« Spusténi 1 GW
elektrarny kazdy den
po dobu 27.5 roku

2 MW FV elektrarna
Kazdych10 minut
po dobu 81 roku
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125 000 TW

Carbon
Dioxide

/ ' '. \Glucnse

Water
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Fotovoltaicke (FV)
clanky:
Jak se na né prislo?
Jak funguji?
Jak se delaji?
Kolik stoji?
Stoji to za to?
Jak to udelat lepe?
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1839 - Alexandre Edmond
Becquerel

1839 - Alexandre Edmond Becquerel - PV efekt

1873 - Willoughby Smith - Se

1877 - Charles Fritts - prvni Se slune¢ni ¢lanek

1887 - Heinrich Hertz - UV fotovodivost

1888 - Edward Weston patent US389124, "Solar cell", and US389125, "Solar cell".

1894 - Melvin Severy patent US527377, "Solar cell", and US527379, "Solar cell".

1897 - Harry Reagan patent US588177, "Solar cell".

1901 - Nikola Tesla the patent US685957, "Apparatus for the Utilization of Radiant Energy", and U
1902 - Philipp von Lenard - vn&j$i fotoefekt v zavislosti na barveé svétla

1904 - Wilhelm Hallwachs slune¢ni ¢lanek Cu/Cu20.

1905 - Albert Einstein

1913 - William Coblentz patent US1077219, "Solar cell".

1914 - Sven Ason Berglund patents "methods of increasing the capacity of photosensitive cells".
1916 - Robert Millikan potvrdil Einsteinovo vysvétleni

1916 - Jan Czochralski

1946 - Russell Ohl patent US2402662, "Light sensitive device".

1950s - Bell Lab.

1953 - Gerald Pearson lithium-silicon photovoltaic cells

1954 - AT&T exhibits solar cells at Murray Hill, New Jersey.

1955 - Western Electric licence commercially solar cell technologies.

1957 - Gerald L. Pearson, Daryl M. Chapin, and Calvin S. Fuller (AT&T) patent US2780765, "Sola
1962 - The Telstar satellite

1963 - Sharp Corporation - photovoltaic module of silicon solar cells.

1971 - Salyut 1 is powered by solar cells.

1973 - Skylab is powered by solar cells.

1977 - The Solar Energy Research Institute is established at Golden, Colorado.

1980s - efficient silicon cells are in production.

1989 - efficient concentrator solar cell are in use.

1990 - The Cathedral of Magdeburg installs solar cells on the roof, marking the first installation on <. K=-
1991 - President George H. W. Bush directs the U.S. Department of Energy to establish the National Renewable Ener ey Ldbordtory
1993 - National Renewable Energy Laboratory

2001 - Helios
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1905 Albert Einstein:

1902 - Philipp von Lenard
- Vnéjsi fotoefekt

1916 - Robert Millikan
Experimentani potvrzeni Einsteinovy teorie
1921 — Nobelova cena
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1902 - Philipp von Lenard - vngj$i fotoefekt v zavislosti na barveé svétla

1904 - Wilhelm Hallwachs slune¢ni ¢lanek Cu/Cu20.

1905 - Albert Einstein

1913 - William Coblentz patent US1077219, "Solar cell".

1914 - Sven Ason Berglund patents "methods of increasing the capacity of photosensitive cells".
1916 - Robert Millikan potvrdil Einsteinovo vysvétleni

1916 - Jan Czochralski

1946 - Russell Ohl patent US2402662, "Light sensitive device".

1950s - Bell Lab.

1953 - Gerald Pearson lithium-silicon photovoltaic cells

1954 - AT&T exhibits solar cells at Murray Hill, New Jersey.

1955 - Western Electric licence commercially solar cell technologies.

1957 - Gerald L. Pearson, Daryl M. Chapin, and Calvin S. Fuller (AT&T) patent US2780765, "So
1962 - The Telstar satellite

1963 - Sharp Corporation - photovoltaic module of silicon solar cells.

1971 - Salyut 1 is powered by solar cells.

1973 - Skylab is powered by solar cells.

1977 - The Solar Energy Research Institute is established at Golden, Colorado.

1980s - efficient silicon cells are in production.

1989 - efficient concentrator solar cell are in use.

1990 - The Cathedral of Magdeburg installs solar cells on the roof, marking the first installation o
1991 - President George H. W. Bush directs the U.S. Department of Energy to establish the Natio
1993 - National Renewable Energy Laboratory

2001
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1918 - Jan Czochralski

1839 - Alexandre Edmond Becquerel - PV efekt
1873 - Willoughby Smith - Se
1877 - Charles Fritts - prvni Se slune¢ni ¢lanek

1887 - Heinrich Hertz - UV fotovodivost | :
1888 - Edward Weston patent US389124, ng L : :
1894 - Melvin Severy patent US527377, "So . ‘

1897 - Harry Reagan patent US588177, "Sol
1901 - Nikola Tesla the patent US685957, "4 '}; ‘
1902 - Philipp von Lenard - vn&j$i fotoefekt | $
1904 - Wilhelm Hallwachs slunecni ¢lanek ( '
1905 - Albert Einstein v
1913 - William Coblentz patent US1077219
1914 - Sven Ason Berglund patents "metho
1916 - Robert Millikan potvrdil Einsteinovo
1916 - Jan Czochralski

1946 - Russell Ohl patent US2402662, "Lig
1950s - Bell Lab.

1953 - Gerald Pearson lithium-silicon photo
1954 - AT&T exhibits solar cells at Murray
1955 - Western Electric licence commerciall
1957 - Gerald L. Pearson, Daryl M. Chapin,
1962 - The Telstar satellite

1963 - Sharp Corporation - photovoltaic mo
1971 - Salyut 1 is powered by solar cells.
1973 - Skylab is powered by solar cells.
1977 - The Solar Energy Research Institute i
1980s - efficient silicon cells are in productig
1989 - efficient concentrator solar cell are in
1990 - The Cathedral of Magdeburg installs
1991 - President George H. W. Bush directs
1993 - National Renewable Energy Laboratdil
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Zacatek ,,doby slunecni*:

1953 -4 G. Pearson, D.
Chapin, C. Fuller (Bellovy
laboratore):

Prvni slunecCni Clanek s
ucinnosti 6%

arsenem dopovana Si deska
dopovana bérem na PN
prechod
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Tisk:
»pocatek nové éry vyuZiti neomezené energie Slunce” (Times)
»jednoho dne mohou slunecni ¢lanky vyrobit vice energie nez zdroje zaloZzené na uhli, ropé ¢i jadru” (New York Times).
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Americus, Georgia:
Prvni testy Bellovskych
slunecnich baterii
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4. fijna 1957: Sputnik
83 kg na obézna draha 250 km

17.3.1958
1.47 kg

Vanguard |.
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Grep na obézné draze [Nikita ChruscCov]

Prvni start Vanguard I. se konal 6. prosince 1957 v Cape Canaveral, Kennedy Space Center. Byl to prvni pokus
Spojenych statli vypustit satelit na obéznou drahu Zemé. Raketa vSak vystoupala pouze par stop nez se Zzfitila zpét na

Sta rtovacl’ ram pu : Vanguard TV3 Failed Rocket Launch
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Posmésné komentare tisku:

» "kaputnik" Daily Express,

» "flopnik" Daily Herald,
 "puffnik" Daily Mail
 "stayputnik" News Chronicle.
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Ale Vanguard 1 byl také prvnim satelitem napajenym fotovoltaickymi Clanky.
Vysilal signaly 7 roku (Sputnik jen 3 tydny). Vanguard 1 dodnes zUstava
nejstarSim umelym objektem na obézné draze.
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1962
prvni
telekomu-
nikacni
druzice:

Telstar
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http://www.beatriceco.com/bti/porticus/bell/telstar.html
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PARKSCHEIN
AUTOMAT
Hier Parkschei

losen
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Vyvoj ucinnosti fotovolt

http://www.nrel.gov/ncpv/images/efficiency chart.jpg
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Udaje
Mezinarodni energetické agentury:

Solar Photovoltaic Energy -
2014

http://www.iea.org/publications/freepublications/publication/technology-roadmap-solar-photovoltaic-energy---2014-edition.html
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Instalovany vykon fotovoltaickych elektraren v
minulych letech a prumérna rychlost rustu

160

140
120
100
80
60

40

Cumulative PV capacity (GW)

20

0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

B Germany W ltaly B Spain B France B Restof Europe
Japan ' United States M China Rest of world === Annual growth

Source: Unless otherwise indicated, all tables and figures derive from IEA data and analysis.

80%

/0%

Annual growth

KEY POINT: Cumulative PV capacity grew at 49%)/yr on average since 2003.
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Solar Electricity Installed Capacity (2012) - Select Countries

Belgium: 2.7 GW ~ Germany: 324 GW t
' France: 40GW ~ @&_ ~ CzechRepublic: 21GW |
L R I - .
- Austria: 24 GW : -
Spain: 71GW w N . ._

Italy: 16.4 GW |
United States: 7.9 GW —

o ] . Japan: 6.6GW
China: 70GW - qiugge V

Sources: SEIASGTM, REN2, Larry Sherwood/IREC
* Includes P\ and CSP 65 Solar | October 2013
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Prumeérna cena pro stresni fotovoltaické
systemy v Nemecku:

6000

o 4000 .
= System
-
) * PV Modules
@ 3000
IE
-
a
o
E 2000
>
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1000

Percentage of
the Tatal Cost

J Cost of PV
203 04|a1q2|Q3]a4|at|a2|03|q4 o1 02|03|q4|q1|02|a3] a4|Q1 Q2| Q3| q4|at|a2|q3qs|at octricity:
2006 2007 2008 2009 2010 2011 w12 |13 electricity.

10 ct/kWh

Year
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Cenova parita se siti byla v roce 2013
dosazena v rade zemi:

1100 —
1000 —
900 —
800 —
700 —

600 —

=
sl

300 ¢ o .

USD/MWh

} O
200 - — ¢ n ] - KA ==
)
100 —
0
2010 2013 2010 2013 2010 2013 2010 2013 2010 2013
California Australia Germany Italy Netherlands

B LCOE ® Variable portion of tariff Tiered tariffs

Note: Household electricity tariffs exclude fixed charges. LCOEs are calculated using average residential system costs (including value-
added tax and sales tax in where applicable, and investment tax credit in California); ranges mostly reflect differences in financing
costs. The tiered tariffs in California are those of Pacific Gas and Electric. Tiers 3 to 4 or 5 are tariffs paid on monthly consumption when
it exceeds given percentages of a set baseline. All costs and prices are in 2012 USD.

KEY POINT: Grid parity underpins PV self-consumption in Germany, and net metering in California.
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O Targets

® Observations

=== Experience curve

Notes: Orange dots indicate past module prices; purple dots are expectations. The oval dots correspond to the deployment starting in

2025, comparing the 2DS (left end of oval) and 2DS hi-Ren (right end).

KEY POINT: This roadmap expects the cost of modules to halve in the next 20 years.
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5) Stoji to za to?
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Energetické naklady panelu " g =1L aie
| NIS53 5 KkWih

Aluminum _— glass __16kWh
frame

/
!

polymer

Copper bands Wealer

0,5kWh
L

C : Frameless panel -4%
onnection box BIPV - f d 30,
1KkWh Tlacade = o
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Doba energetické navratnosti

4.0

a5 . EER BOS cell prod -
. e N ingot + wafer .

3.0 - module ass. B S feadstock . =

25 o

2.0

Thin Film  Thin Film Ribbon Ribbon
S-Europe  N-Ewrope S-Burope  N-Buope

e - (-
' =
1.0
=
) . .
| ] |

Mutti c-Si  Multi c-Si

S-Europa

N-Europa

il

Mono ¢-5i Mono ¢-Si
S-Euwrope  N-Europe

Source: Alsarma, Do Wikd, Fihenakds, 215t European Pholoveitaic Enargy Conlerence
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ERoOEIl = Energy Return on Energy Invested

Priklady EROEI
pro jiné
energetické
zdroje

Ropa v pocatcich tézby

Texaska ropa okolo r. 1930

Blizkovychodni ropa
Jina ropna pole
Prirodni plyn

Kvalitni uhli (Australie)

Nekvalitni uhli (napf. CR)

Vodni elektrarny
Jaderné elektrarny
Ropné pisky
Bitumenoveé bridlice

Biopaliva (v Evropé)

(energeticky zisk) pro FV je 10 - 20

100

60

30
10-35
20
10 - 20
4-10
10— 40
4-5
Max. 3
Max. 1,5
09-4

(Martin Kasik, Vaclav Cilek: Vesmir 87, unor 2008 | http://www.vesmir.cz)
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Zavery:.
Fotovoltaicka revoluce?
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Némecko,

kveten 2014

c
= 60CW
=
(¥
=
=
S 40 GW
I
<
T
3
20 GW
0 GW y
6. May 8. May 10, May 12. May
Conventional Power Solar @@ Wind Hydro . Biomass — Electricity Consumption
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EPEXSPOTAUCTION

DATA TABLE
E 1 France [E2 Germany/Austria (Phelix) Ed Switzerland (Swissix)

Day Week Month Quarter Year
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Solar roadways
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Solar roadways
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Zavery:.
Fotovoltaicka revoluce?
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Historicka obdobi
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