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O Pane nds pomoz této zemi a sesli
na nas hrozne strasné nicive krupobiti
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Energie

Prumérna americka rodina
obklopena barely ropy, které
spotrebuje za rok.

Obrazek je z roku 1970.

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

Prumérna spotreba lidskeé 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: PocCet obyvatel Zeme se ustali na cca 10 mid.
Spatna zprava: vétSina z nich bude spotrebovavat vic energie.
Pri odhadovanych 4 kW / Cloveka =40 TW.
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Pridani 10 TW znamena:

« Spusteni 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

Water
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Fotovoltaicke (FV)
clanky:
1) Jak se na ne prislo?
2) Jak funguji?
3) Jak se délaji?
4) Kolik stoji?
5) Stoji to za to?
6) Jak to udelat Iépe?

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017



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 - vnéjsi fotoefekt v zavislosti na barveé svétla

1904 - Wilhelm Hallwachs slunecni ¢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, "Solat
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 <58
1991 - President George H. W. Bush directs the U.S. Department of Energy to establish the National Renewable Energy Ldbordtory
1993 - National Renewable Energy Laboratory

2001 - Helios

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017



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 - vnéjsi fotoefekt v zavislosti na barveé svétla

1904 - Wilhelm Hallwachs slunecni ¢lanek Cu/Cu20.
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1913 - William Coblentz patent US1077219, "Solar cell".

1914 - Sven Ason Berglund patents "methods of increasing the capacity of photosensitive cells".
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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.
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1918 - Jan Czochralski
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Zacatek ,,doby slunec€ni*:

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

Prvni slunecni 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 zalozené na uhli, ropé ¢i jadru” (New York Times).

A. Fejfar, Elixir do skol, Hradec Kralové 13.5.2017

13



Americus, Georgia:
Prvni testy Bellovskych
slunecnich baterii

Bell Labs, .19“55

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017



4. rijna 1957: Sputnik
83 kg na obezna draha 250 km

17.3.1958
1.47 kg

Vanguard |.

A. Fejfar, Elixir do $kol, Hradec Kralové 13.5.2017 15



Grapefruit satellite [Nikita Khruschev]

The Vanguard TV3 was launched on December 6, 1957 at Cape Canaveral Kennedy Space Center. It was the first
attempt by the United States to put a satellite into orbit around Earth. However, the rocket only rose a few feet before
crashing violently back onto the launchpad.

Derided by press as a "kaputnik" in the Daily Express, a "flopnik" in the Daily Herald, a "puffnik" in the Daily Mail
and a "stayputnik" in the News Chronicle.!

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017


https://en.wikipedia.org/wiki/Project_Vanguard#cite_note-16

1962 Bell solar cells
powered Telstar

Telstar 1 was launched on July 10, 1962 into a 514 x 3051 nmi.
orbit by a Delta launch vehicle. The spacecraft weighed 171
pounds (the Delta capability was for a maximum payload of 180
pounds). The shape was a faceted sphere with a diameter of a
little over 34 inches. Of six spacecraft built, two were launched.
The solar cells provided just under 15 watts.

http://www.beatriceco.com/bti/porticus/bell/telstar.html

AT&T's Telstar was not only a tremendous technical success, but the international
reaction was spectacular. A U.S. Information Agency poll showed that Telstar was better
known in Great Britain than Sputnik had been in 1957. Rather than launching a useless
bauble, the Americans had put into orbit a satellite that promised to tie together the ears
and eyes of the world. Interestingly, the world saw Telstar as an undertaking of the United
States (U.S. Information Agency publicity may have helped). President Kennedy hailed
Telstar as "our American communications satellite" and "this outstanding symbol of
America's space achievements."(Cunniffe, pg. 29)

A. Fejfar, Elixir do skol, Hradec Kralové 13.5.2017 17
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IEA Technology Roadmap: Solar Photovoltaic Energy - 2014 edition

Figure 1: Global cumulative growth of PV capacity
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Source: Unless otherwise indicated, all tables and figures derive from IEA data and analysis.

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: 32.4 GW |

| France: 40GW eﬁ:—- Czech Republic: 21GW |
i . 4
Spain: 71GW "r L Austria 246W |

- 1_—__“

<  ltaly: 16.4 GW

United States: 7.9 GW —— R - ’ e
=1 China: 7.0 GW ofiagee Vv

-

Sources: SEIASGTM, REN2, Larry Sherwood/IREC
* Includes PV and CSP 65 Solar | October 2013
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Average price for PV rooftop systems in Germany
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IEA Technology Roadmap: Solar Photovoltaic Energy - 2014 edition

Figure 4: Grid parity was reached in 2013 in various countries
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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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Vyroba kfemikovych Clanku:

Ingot
squaring

Wafer L PN junction
cutting: 5 ~ diffusion
Solar Stringing
cell
Framing @ Module 4

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017
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1. Generace:  (¢lanky s PN prechodem
v objemovych polovodicich

ucinnost ¢lanku: ~ 16 %

Vyroba solarnich ¢lanki a fotovoltaické aplikace

A. Fejfar, Elixir do skol, Hradec Kralové 13.5.2017
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Moderni kremikove slunecCni clanky

M. Green, Centre for Photovoltaic Engineering, UNSW, Australia

FINGER "INVERTED" PYRAMIDS

DOUBLE LAYEHR
ANTIREFLECTION
COATING

REAR CONTACT OxIDE

I 4

UcCinnost 25 % (blizici se teoretické hranici 27 - 28%)
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Energeticke naklady panelu ©

Copper bands
0,5KkWh
o

Connection box
1kWh

Radix 72-112

553,5kWh

Tedlar
polymer
Tedlar

Frameless panel
BIPYV - facade

- 4%
-3%
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Doba energeticke navratnosti

4.0

25 — HE BOCS cell prod -
l ane W ingot + wales .
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| |
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ERoE|l = Energy Return on Energy Invested
= energeticky zisk
Priklady EROEI :

Ropa v poéatcichtézby @ ... ... . .. 100
Texaskaropaokoloroku1930 ......... .. .. ittt nnnns 60
Ropa z BlizkéhoVychodu. ... .......... ... .. i, 30
Jindropnapole....... ... i i i i i e e 10-35
Prirodni plyn . . ... ... e e e e 20
Kvalitni uhli (Australie)  ............ i, 10-20
Nekvalitni uhli (CR) e 4-10
Vodnielektrarny. .. ......... .. i i it e 10-40
Vétrnéelektrarny . ............ ittt et eannnnnn 5-10
Jadernaenergie ........... ..t i e 4-5
ROPNE PISKY ... ..o i i i it et e e treaaeeas Max. 3
Bitumen ........... .. . . . i Max. 1,5

biopaliva (VEVIOPE). . .. ... ...t i rrrrrirneenaeneeena. 0,94

(Martin Kasik, Vaclav Cilek: Vesmir 87, unor 2008 | http://www.vesmir.cz)
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Snaha o omezeni potfeby kiemiku:
2. generace
Tenkovrstvé cClanky

13HY dmapnas

A. Fejfar, Elixir do skol, Hradec Kralové 13.5.2017
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A. Fejf

Kremikove tenke vrstvy
— pocatky v 60. letech:

Solid-State Flectronics Pergamon Press 1965, Vol. 8, pp. 653-654. Printed in Great Britain

CHEMICAL VAPOUR DEPOSITION PROMOTED
BY r.f. DISCHARGE

H, F. STERLING and R. C. G. SWANN
Standard Telecommunication Laboratories, London Road, Harlow, Essex

(Received 20 January, 1965; in revised form 1 March 1965)

Solid-State Electronics Pergamon Press 1968. Vol. 11, pp. 683-684. Printed in Great Britain

THE PREPARATION OF THIN LAYERS OF Ge AND Si BY
CHEMICAL HYDROGEN PLASMA TRANSPORT

< S. VEPREK and V. MARECEK
Institute of Physics, Czechoslovakia Academy of Sciences, Prague, Czeqhus]%jg_)

(Received 31 July 1967 ; in revised form 26 December 1967)




A. Fejfar, Elixir do skol, Hradec Kralové 13.5.2017



Praha: instalace tenkovrstvych
clanku na strese Narodniho divadla

A. Fejfar, Elixir do Skol, Hradec Kralové 13.5.2017 36



RocCni vyroba Si tenkych vrstev:

~ 50 km? per year
~ 4 km? per year
- } = area of Manhattan Island
=~ area of Central Park

Brookiyn

-
—
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AV 4 vy 7
LAICr Nano ¢lanky

SiH+H,#TMB plasma  SiH+H;+ PH, plasma ITO sputtering
Metal evaporation Droplet formation p-type NW growth a-Si:H deposition
T>231°C i l - l -
H, plasma .l, | l\ l /

Sn layer

Substrate ] Substrate Substrate Substrate | Substrate

TRO209T 1420 a2 S DRRET

Jsc 15.2 mA/cm?, Voc of 0.82 V and FF 73.7%, ~9.2% for 0.126 cm? area [Misra et al, IEEE Journal of Photovoltaics 2015]
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Absorbce svétla versus sbér naboju

Planarni ¢lanky Nanodratové clanky

Substrate Substrate

lllustration from:

Soumyadeep Misra, Linwei Yu, Wanghua Chen, Martin Foldyna, and Pere Roca i Cabarrocas.

‘A Review on Plasma-Assisted VLS Synthesis of Silicon Nanowires and Radial Junction Solar Cells’.
Journal of Physics D: Applied Physics 47 (2014): 393001.
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Disorder
Z0O0:

Shading

Crossing

Kinks

. SEM HV: 5.0 kV wo:826mm | | [ MAIAS TESCAN
Crowding EEwrsSc =S

View field: 2.00 pm . Date{m/d/y): 07/25/13
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Microscopy of PV conversion

We use conductive AFM tip
to contact and measure individual radial junctions:

iy =T

scanner

RJ cells on Si NWs
- have additional

benefit: well defined
—— unit cells.
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Zavery:.
Fotovoltaicka revoluce?
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