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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
asl 0 40% vetsi.




Terawattova vyzva

Prumérna spotreba lidské civilizace je 18 TW (18000 GW).

Prumérné spotfebuje prumérny obcan:

~11
3-5
~1
2

KW/ U.S.A

KW / Evropan

KW / Cifan

KW / prumérny obyvatel planety

PocCet obyvatel Zemé se ustali na cca 10 mid.
Vetsina z nich bude spotrebovavat vic energie.
Pri odhadovanych 4 kW / Cloveka = 40 TW.
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Prof. Richard Smalley,
Nobelova cena 1996

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



Pridani 10 TW znamena:

Spusteni 1 GW elektrarny

kazdy den po dobu > 27 roku

podobné:

nejvetsi FV elektrarna sveta v r. 2020,
Bhadla Solar Park, Rajasthan, Indie,
5700 ha, 2,2 GW,

viz 27°32'22.81"N 71°54'54.91"E
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https://www.google.com/maps/place/27%C2%B032'22.8%22N+71%C2%B054'54.9%22E/@27.5400579,71.9175304,947m/data=!3m1!1e3!4m5!3m4!1s0x0:0x0!8m2!3d27.5396694!4d71.9152528

125 000 TW



https://www.nationalgeographic.org/encyclopedia/sun/
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O, Pane nas , pomoz této zemi a sesli
na nas hrozneé strasné nicive krupobiti |
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Solar Electricity Installed Capacity (2012) - Select Countries

W0

»

Belgium: 2.7 GW ~ Germany: 32.4 GW |

.

= =W

. France: 40GW ‘f""‘ ' CzechRepublic: 21GW |

- - ﬁ’ da‘ -, i X
Spain: 71GW _ © — K Austria: 24 GW | g

m

Italy: 16.4 GW 3 4
/s = . Japan: 6.6 GW
{ China: 7.0 GW -

United States: 7.9 GW A —y

35 324

Sources: SEIA/GTM, REN21, Larry Sherwood/IREC
* Includes PV and CSP 65 Solar | October 2013
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Sit'ova
parita

Deutsche Bank report:
Solar grid parity in a
low oil price era (2015)

Mexiko

https://www.db.com/cr/en/concrete-deutsche-bank-report-solar-grid-
parity-in-a-low-oil-price-era.htm
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Source: Deutsche Bank Estimates
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EU24 ANNUAL SOLAR PV INSTALLED CAPACITY 2000-2021
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Current European

¢-Si PV manufacturing landscape
Status Quo, end of 2020

Vyrobni
kapacity v EU

Module
Ingot & Wafer
1.25

Total capacities within theEU [GWp/a]

Ceské republiky
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Figure 2.1 Timeline of events that affected the European and global PV market

2012 | 12th Five Year Plan for
Renewable Energy Development

2000 | China market 2006 | Renewable Energy Law
share 2 % gives broader support for solar
2001 | EU Renewable Energy 2008 | China increases market
Directive sets national targets share through exports
2003 | Japan reduces 2009 | Japan's new FIiT
support for solar increases domestic demand
2000 | Germany 2009 | EU Renewable Energy
introduces EEG irecti

Directive sets binding 2020 targets

2013 | 8 of 10 top manufacturers
from China & Taiwan

2013 | European solar trade

measues against China

80s & 90s | RD&I and net-metering
create technical leadership for Japan

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2000 | 200 MW global 2005-08 | Silicon shortage 2010 | 75 % of installed
cell production raises prices capacity globally is European

— 2014 | No European manufacturer
2008 | Overcapacity leads to in world top 10

large fall in PV prices 4,500 MW global cell production

2008 | Financial crisis begins

China has 69 %

Europe's market share peaks at market share in 2014

33 %

in 2007

PV module production market share (%)
by region 1997-14. Fraunhofer ISE

Japan’'s market share peaks
at 52% in 2003/04

USA has 42%
market share in
1997

Rest of World market
share is 16% in 2014



H2020 project NextBase 2016-2019

///¢// NEXTBASE

UINEE;EgC! norwegian crystals
a i ’:j
% HZB....
TU Delft 7, ;
&
,\ ) —
©osm 3{ ¢ 5 FZU

Fyzikalni ustav Akademie

o ; a
; Nl o ‘.
&nec > ‘
_ A

= tSs

E POLYTECHNIQUE
RALE DE LAUSANN
”
\

ECOI

FEDI
\\Iyz

=

-
1\

~ Fraunhofer
ISE

\= MEYER BURGER

PO AN

@) Fzu & sl U T T e




Opticka
profilometrie:
prototyp




Optické profilometrie

ha zaverechém setkanl NextBase 2019
‘ | -

M. Ledinsky and R. Dvorak
demonstrating a prototype
of the IBC SHJ contacting
scheme imaging system at

= the High Efficiency
Approaches in Crystalline
Silicon PV workshop, 25th
[ September 2019 at
Polytech Annecy-Chambery.

PCT patent




Navaznost na H2020 NextBase projekt

1) The European Commission pridala projekt NextBase mezi své Success Stories:

Masoveé vyrabéné evropské solarni panely na obzoru

https://ec.europa.eu/research/infocentre/article en.cfim?artid=52665

2) Enel Green Power otevira novou vyrobni linku HJT v tovarné 3SUN, v Italii

https://www.enelgreenpower.com/media/press/2019/10/enel-green-power-inaugurates-new-hjt-production-
line-at-3sun-factory

3) Cerven 2020: Meyer Burger prechazi na vyrobu solarnich élankt a modult

https://www.pv-magazine.com/2020/06/19/meyer-burgers-wants-to-become-a-solar-cell-and-module-
manufacturer/

4) Brezen 2021: Meyer Burger zahaji vyrobu modulu fotovoltaickych €élankud v
kvétnu

https://www.pv-magazine.com/2021/03/12/meyer-burger-to-start-pv-cell-module-production-in-may/

ve Freibergu a Bitterfeld Wolfen, Némecko
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https://ec.europa.eu/research/infocentre/article_en.cfm?artid=52665
https://www.enelgreenpower.com/media/press/2019/10/enel-green-power-inaugurates-new-hjt-production-line-at-3sun-factory
https://www.pv-magazine.com/2020/06/19/meyer-burgers-wants-to-become-a-solar-cell-and-module-manufacturer/
https://www.pv-magazine.com/2021/03/12/meyer-burger-to-start-pv-cell-module-production-in-may/

Usp_ééné pFihlaska | g - 2
Horizon Europe projekt Pllatus g aiNunmes =
HORIZON-CL5-2021-D3-03-13 call

projekt Digitalised pilot lines for silicon heterojunction tunnel
Interdigitated back contact solar cells and modules (Pilatus).

« 3 roky
10,4 M€

« konsorcium 19 partneru, koordinace Meyer Burger Germany (EPFL,
CSEM, Fraunhofer ISE, Norwegian Crystals, Wacker Chemie,
Cambridge Photon Technology, TNO, Pasan etc.).



ée s ko n a Globalni horizontalni zareni Ceska republika
,slunecni pohon*
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solargis

http:/fsolargis.info

)4 Pramérny ro¢ni Ghrn (4/2004 - 3/2010) 0 25 50 km
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<1060 1140 1220 kWh/m2 © 2011 GeoModel Solar s.r.o.
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Model Prahy: pohled od Zbraslavi
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A) integrace fotovoltaiky a jinych obnovitelnych
zdroju zavislych na pocasi pomoci
predpovédnich modelu
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Budovy AV CR

Vizualizace ploché strechy s fotovoltaickymi panely ze
zamyslené instalace stresni fotovoltaické elektrarny na budové
ubytovny Mazanka v Praze 8 (faze zpracované projektové
dokumentace pro stavebni povoleni a podané zadosti o dotaci z
OPZP). e ——— e E—

Vizualizace ploché strechy s vegetacnimi prvky a

s fotovoltaickymi panely ze studie pripravovaného
bytového domu u aredlu AV v Praze Lysolajich (faze
pripravy projektu).
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https://doi.org/10.1016/j.solener.2018.01.066

novy material ve hre: hybridni perovskity

2T PK/c-Si tandem Efficiency evolution HZB
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Zaverem

 FV se stala rozhodujici energetickou technologii *

« FVije n,e{(en konkurenceschopna, mnohdy dokonce udrzuje
cenu nizko

 FV vyroba se vraci do Evropy

Budoucnost?

* v breznu roku 2022 dosahla celkova celkova nainstalovana kapacita fotovoltaickych
elektraren hodnoty 1 TW,
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Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si:H (stabilized)

Emerging PV

O Dye-sensitized cells

O Perovskite cells

A Perouskite/Si tandem (monolithic)
® Organic cells (various types)

A Organic tandem cells

@ Inorganic cells (CZTSSe)

< Quantum dot cells (various types)

0 Perovskite/CIGS tandem (monolithic)

Spectrolab

\l:ucllulal
(MM, 289

9x) | (MM, 454x)

Sh t
(IMM, 302x) ﬂ°;‘
Boeing J, 297x)
ﬁne‘m}rgka!b' Solarunc [FhG-ISE/ Soitec
=Yy 90N (LM, 942x)
FhG-ISE SpireSemicon \

(MM, 406x)

NREL

(6-J,143x)
a

Boeing-Spectrolab  Boeing-Spectrolab o~ NREL
(MM, 179x) (MM, 240x) (4-) I 310%) (4-J;327><3
X 7 i Boeing-
NREL (IMM) NREL s‘ﬁ’ﬂ'”””i Speu!roaag (5-J)
NREL i (MM 325.7x) (LM, 418x)
Eoeing . 9w Sharp (IMM)
Boeing- Specirolab Sharp (IMM). ’

Spectrolab

Boeing-

Spectrolab
Spectrolab

NREL P
(IMM) _ oo

Snarbﬁ( IMM)

FhG-ISE

NREL (MM) LG

NREL (6-)
—0

Crystalline Si Cells . PR NREL (467x] g/ A= = = = =& NREL
» . at ¥ Spectrolab e eess = AN £ E
o Single crystal (concentrator) Varian . IRE . S |ES-UPM ( 1‘!2(1v; FhG-ISE (117x) NP‘EL_ R e g NREL (258x)
m Single crystal (non-concentrator) (216x) IS = e o o o e ._ )
O Mulcrystaine Vatan _—_)r“‘—'fr Redboud Uny, F1GSE (2324} Ata_Até_SunPover (arge-area e Deﬁ'%s
| ® Silicon heterostructures (HIT) (205x) AA%_F___‘:— o X Panascic N AT
V' Thin-film crystal NREL _ 7 _ _ . SUIPONSr (36Y) | | | o e oo m m o o e = = o= 0 AMOMIK x) N— s A 7
vl _..____..---..-__..___-——’ A-""_ Pana%onﬁ anexa _‘|sn-| KRIC (JMlT&
(400 vagan | e s i Radboud U, FRGISE__Alta ey orea U fie)
- - A e UNSW Sanvid Panasonic, REL (3 70 olexel 25\ Ba ;QanforQASU
- Spire JOIAT SATRANN San anyo ) ] T i
B BRI TS o iy FRGASE o Sanyo “g TREL (el F"s's"'a' PO RN\ Sorrontler
(TJ. Watson A= === N I Stanford UNSW = NREL Sanyo — . _ == FM;; Flex poiy) NREL ! 9. .’ O VinkoSolar
Research Center) UNSW ; RETTR e T Lol £o0k ORI kD 15cAS UCLA \ “Trina Solar
- ARCO A Georgia “—_—_w ISFH = \\ . J Vf,g T/UNIST — gslnﬁdarx
Westing- UNSW Tech NREL NREL NREL NREL NREL %’!EX ‘ : . <R|CT th\Jr- S UnIVOf
; house - C NREL NREL "= yop - U. Stutigart g = ‘:hb ISE : 9 Solibro ER ILOd' Queensland
L, Sandia ' U.So & < - First Solar ™ GE Sgi{r A C: SolarFron — MnagR >
No. Carglina  ppeeerl™™ Florida = NRELW ). stutigart S0l ; KR aynerg)
Mobil State U. ggparay-0lareX , O J ~ UniSolar ~ Mitsubishi oo
Solar ¥ Boeing .’ UniSolar {aSiincSiincSi) v ‘SCU TeFlexPV
- Boeing Kodak Kodak KJ”" ARCO __ ARCO .’. Boeing ci Sharp © EPJ‘: 3
~ En ) = ULLA
e ey AMETEK. Photon Energy BM | Phillips 66° 72 ICCAS
Matsushita Kodak /P seing Boeing . 'S - ucL
B " U.of Maing \1e"9S9/2, Soa e UniSolar Solarmer < MT U Toro:x?:)m-o
LT iall » T
NREL /Konarka Konarka U.Toronto
U.of Maine Groningen U. Linz iné—OD: =
B Siemens .
U. Linz U. Linz U. Dresden NREL
RCA . (ZnO/PbS-QD) =
| I I A T I S S| | L1 I O ) O I AR | I A Y I TR N B 2
1975 1980 1985 1990 2000 2005 2010 2015 2020

Fyzikalni dstav
Akademie véd
Ceské republiky



- Dekuji
Antonin Fejfar
fejfar@fzu.cz.

FyzikaIni Gstav
Akademie véd
Ceské republiky






