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Our Motivation: Offer Solutions for the Climate Challenge
CO,-Emission Reduction is a MUST!

Nations Unies

Conférence sur les Changements Climatiques 201 g

COP21/CMP11

Paris -France ;
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Global CO, Emissions to Fulfill the Paris Agreement

Reach climate goal < 2 °C

60
Derived from geophysical models,
summarized in [1]
50 -
401~ - - 2035 the remaining
CO,-budget is used up!
30} -

Historical data

Global CO, emissions [Gt/a]
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5 Credit to Pietro Altermatt, Trina Solar % Fraunhofer

[1] G. Luderer et al, Nature (climate change) 8, 262 (2018) ISE



Global CO, Emissions to Fulfill the Paris Agreement

Reach climate goal < 2 °C

60
o) It is still possible!
= 50} -
O,
2}
C 40} -
Q
wn
R,
& 30 Historical data i
) BUT:
o o The coming 10 years are decisive
o il
— 1600 Gt
©
o) ‘ .
O 10 ] It I1s urgent to act now!
O \
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The »Energiewende« demands for more Electricity
CO,-Reduction in all Sectors is a MUST!

B Sector coupling in the future energy system
demands for more electricity

In spite of energy efficiency more electrical
energy is needed

For Germany:
today: ~ 500 TWh
2030 ~ 750 TWh, 2050 ~ 1400 TWh

B Wind and PV are the pillars of the future

energy system
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1,5%10'8 kWh/Jahr -
10 000 tlmes the gIobaI'
energy demand




Silicon Photovoltaic R&D: Past and Present

Phase O: Phase 1:
R&D Fundamental R&D to approach SQ limit

1839 - ~1990 ~1990 - ~ 2017

1839: A. Becquerel: Better passivation schemes, local

Photovoltaic effect discovered passivation, PERx structures
»‘W 1999: M. Green first

e P 25 % Si-cell
1954 Bell Labs: First Si solar / R
cell with 6 % Heterojunction solar cells
back contact solar cells
1958: First use of Si PV cells in passivated contacts
Vanguard| ‘ 2017: Kaneka 26.7 %

1961: Shockley-Queisser Limit Transfer to industry

New production technologies

. 1986: 20 % mono-Si solar cell
re Al-BSF PERC HIT TopCon
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Increasing the Efficiency
Industrial Realisation

— ® Now for many years:

= 30 [2] ; Increase of efficiency in industrial production
) &
c ] N ~ 0,6 %, /year [V
2 28- I
E ’Q’ /{, E
@ g . . . . .
c g i m Efficiency limitation due to full area Al-BSF (back
17 surface field) rear side
g il
S ~24%
° ARC SiN, front-side metallization
5 il
()
(@)}
@ 4
g
=
. I ! I ! I ! I !
2010 2015 2020 2025 2030
Al-BSF
10 [1] F-Fertig et al. Silicon PV 2019 and 2017 =~ Fraunhofer

. [2] M. Hermle, ETIP PV, PV Manufacturing in Europe, 2017, Brussels <



Increasing the Efficiency
Industrial Realisation

= — ® Now for many years:
°; 30 [2] ) Increase of efficiency in industrial production
S
o - % ~0,6%_,/year [
% 28 7 bg\o??,/ 7]
% /Q.r/,, i
= 4 _ ® Replacement of the full area Al-BSF with a
(@) .
12 partial rear contact (PRC)
g _
5 ~24%
o
= _
o
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- I ! I ! VI ! I !
2010 2015 2020 2025 2030
11 [1] FFertig et al. Silicon PV 2019 and 2017 Z Fraunhofer

[2] M. Hermle, ETIP PV, PV Manufacturing in Europe, 2017, Brussels SE



Increasing the Efficiency: R&D Innovation
Passivating Contacts with Oxide and Polysilicon

Tunnel oxide

n-Si Base Polycrystalline
~ Si(n)-Layer

Post, IEEE Transactions on Electron Devices (1992)

F. Feldmann et al., SOLMAT 120 (2014)

U. Romer, et al. IEEE Journal of Photovoltaics (2015)
D. Yan Solar Energy Materials and Solar Cells (2015)

12
© Fraunhofer ISE % FraunhOfer

FHG-SK: ISE-INTERNAL ISE
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Present R&D Status
TOPCon Record Cells with Top/Rear Contacts

Material Area V,. . FF n
[mV] [MmA/cm?] [%] [%]
n-type Mono 4 cm? (da) 724 42.9 83.1 25.8*

JOe,metaI =~ 200 fA/CITIz

Joe,pass ~ 11-15 fA/cm? = World record efficiency of
: . é I 25.8 % for both side
contacted solar cells

p++ /
n-base
RO B e v |
TOPCon: Jy ., ~ 7 fA/CM2 * confirmed by Fraunhofer ISE Callab
- Jrear ~
13 A.Richter Silicon Solar Cells with Passivating Rear Contacts 7th Silicon PV, % Fraunhofer

Freiburg, Germany, April 3, 2017 ISE



Innovations with Respect to Efficiency

Industrial Realisation — A View into the Coming Years

<
S 304 (2] -
o <L
>
= \%0“//
Q 28 - 00’5091, -
o /
= ) '
L /7 ~26.0 %
o Passivating . ’
C 26 - -
.09) Contacts;
o TOPCon, HIT
E 24 -
o 124%
(&}
D 224 i
(&}
O
(@)
© 20 - -
()
>
<
18 - ¢ -
- ] ] ] ]
2010 2015 2020 2025

2030

® Now for many years:

increase of efficiency in industrial production
~ 0,6%,,/year [

B Industrial production with 26% seems possible

B The theoretical efficiency limit for Si solar cells

islimited to ~ 29 %

What we will see after 2025 in
industrial production?

14

[1] FFertig et al. Silicon PV 2019 and 2017
[2] M. Hermle, ETIP PV, PV Manufacturing in Europe, 2017, Brussels
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Silicon Photovoltaic R&D: Past and Present

Phase O: Phase 1: Phase 2:
R&D Fundamental R&D to approach SQ limit R&D beyond SQ-limit
1839 — ~1990 ~1990 - ~ 2017 starting ~ 2017
1839: A. Becquerel: Better passivation schemes, local Technologies for highest efficiency
Photovoltaic effect discovered passivation, PERx structures > 1I-V on Si
-::—-,::":“ -l o 1999: M. Green first > Perovskite on Si
. 25 % Si cell
1954 Bell Labs: First Si solar / "2 » Thin-film lllI-V-based multi-junction
cell with 6% Heterojunction solar cells
back contact solar cells .
1958: First use of Si PV cells in passivated contacts IR Ustainability
Vanguard | ‘; 2017: Kaneka 26.7 %

1961: Shockley-Queisser Limit Transfer to industry

New production technologies

. . . 1986:20% mono-Si solar cell
el g Al-BSF PERC HIT TopCon
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What can be expected from Multi-junction Solar Cell?
A 50 % Efficient Solar Cells are realistically achievable!

Material 1

Material 2

Material 3

90 T T l T T
L [ AM1.5g (1x1000 W/m?) [JlJ AM1.5d (500x1000 W/m?2)
80 [ T=298K

65.1%
67.5%

70

61.0%
57.9%
59.2%

Efficiency [%]

051/096/1.37/1.88eV
054/092/1.21/1.56/2.03 eV

-
@
<
™~
-
=
~
N
-
—
[*)]
©
o

0.93/1.57 eV

5
Number of pn-junctions

69.1%

213/1.69/1.38/1.11/0.79/ 0.53 eV

calculation based on Shockley-Queisser approach

16

S.P. Philipps and A.W. Bett, in: Advanced Concepts in Photovoltaics,

\

A, J. Nozik et al (eds.), Cambridge: Royal Society of Chemistry (2014).
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4-Junction Cell Efficiency under Concentration

4-junction bonded to n=46.0 % @ 500 suns
InP

APt -~ . ==~ - = = =2 =3 3 —_ rooo Date : 8 Oct 2014
ASTM ESZ27-1 0 0.0520cm= (Gesignaced arcea) T-HIPSS e 3 - ==
Data No :
lot2l-03-x19y04-01
.4 2 Sample No
- lot21l-03-x19y04
E Repsat Times : S
~ 1 . ,
N\ 1 Ig_: 337.9 ma
G.3 - "I -1 S -'\'Y,:.: ‘; - : 2 —.T .‘v-
| |
L \ i = 1 aAs %
GalnP 1.9 eV \ Fmax 1.215 W
I \ Ipmax 329.8 ma
-~ \ > - -
- —_ - 1 P 3 X = O ,-. <
= = A = L mak 5 s =
'.' \ F.F. 85.1 =
. € 0.2 F -~ \A - -~ Eff(da) 4g.0 3
Bonding g = \ B 3 AT soBay c
> \\ > DTIemp. 25.0 s
b - - i 1 MTemp. 24.¢ =
GalnAsP 1.0 eV g L -4 '.‘ 1 DIrr o B wR/C
“/. | - — - - - R A: ~
i v U MIrr. $S0.9 W/cm2 {ist}
c.1 | 2 A IS 5SO.8 W/cm2 {(2nd
- e . 50.0 W/cm2 (3xd
B /"" 7 S0 =) w/cmz2 4th
i > Scan Maode
substrate -~ Weighted average of
0 CAEEre 1 1 1 1 1 1 13 14 63 0D = SV R
e N _ S— = T (Isc to Voc)and
= ’ N - N (Voc Tto Isc)

17 -

T.Tibbits, Proc. 29th EU PVSC, Amsterdam (2014) . =N = =
Solar cell efficiency tables, Prog. Photovolt: Res. Appl. 2015; 23:1-9 ¢ SoteE : IE‘.I % FraunhOfelle-



GalnP (1.88 eV)

GalnAs (1.41 eV)

Ge (0.67 eV)
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Beyond the Shockley-Queisser Limit
Tandem Solar Cells on Silicon

Tandem

— . . . B Tandem cells with silicon as bottom cell
S 304 [2] ~29 %
§ 11I/V top cell
m L]
S 287 Perovskite top cell
©
c 26 Passivating 3
'5 Contacts; F_1'6
S, TOPCON | £14 2
c o 5
~24% £12 d
S PERC S =2
g 22 - § 1.0 ’ 4
L T y 808 )
=2 Al-BSF =
£ 207 ] E06 A
> y
< G 0.4 .
18 - (%02.
T T T T T T T T . \ : /\
2010 2015 2020 2025 2030 0.0 = S

400 600 800 1000 1200 1400 1600 1800 2000
Wavelength [nm]

19
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[1] F.Fertig et al. Silicon PV 2019 and 2017

/
[2] M. Hermle, ETIP PV, PV Manufacturing in Europe, 2017, Brussels Z Fraunhofer
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Technology Status 2-Terminal (Monolithic) 11I-V/Si Tandem
Easy Module Integration by Series Connected Strings

front contact
ARC| cap layer

n-AllnP - window layer

~ 2,5 pm 111V layers on Silicon
np-GalnP top cell

np-AlGaAs middie cell

n"'-GaAs bond layer
—— — 1 wafer bond
poly Si contact layer _ ,
— SiOx tunnel oxide
n-Si emitter.

p-Si base and substrate (100)

o

3
q .. .
SiOx tunnel oxide

back contact

20
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Technology Status 2-Terminal 1lI-V/Si Tandem

New World Record in 2018

front contact

ARC| cap layer

n’-AllnP - window layer

np-GainP top cell

wafer bond
— SiOx tunnel
n-Si emitter svide
p-Si base and substrate (100)
b p
— — SiOx tunnel
poly Si contact layer oxide
S
back contact nanostructured resist

AYe

e

2018

ARTICLES . ;u,l;(rrr‘,\

Il1-V-on-silicon solar cells reaching 33%
photoconversion efficiency in two-terminal
configuration

Romain Cartou 4, Jan Benick’, Frank Feldmasn™”, Ofiver Hohe', Hobert Hauser', Paul Beutel',
Nasser Razek’, Mackus Wimplinger’, Beoeddt Blisl, David Lackner’, Martin Hermile', Gerald Siefer’,
Stefan W. Ghna'”, Andreas W. Bett’ and Frank Dimeath =

Shcoe dommmaton the phosowniia mdiiry bet e commrsion offiommcy of slaos sighe gt ion sokee cully by rtrorodly
-—c-mumuus-—-nnu-.—.---——n.-n—n—-.a——-
M-—m—uum o Sl jenitie drviie hgutuant o dmagws susistied with thia

s b Do bave e oed Ve bevbap ek £ SRt BN ki (el Hivs, e denaertate & BN
—nn-.—-m—-u-.-w- woker colie. This Swvice it Iutvicated waing wter bood-
:.-r ol The boy tusmms of 13-V/'5 intwrtacs recondbine oo and
l“*m“*M”“d-“wﬂmm

Vo AMLIG towversion effemcy of 55.5%.

e
i ccfs (22 e mcgmed 2 e cd racmy
T SR gt bard G 4y Ceet

da - R—
ol amyreed 1 @t o) sresel Soa Ll L lm l‘* &‘!l"ﬂ e "IHU\MJA-L’I ;l\h'l
sl T kg W R ey i3 i 2 vem iTE U e, cBsmncy wou” . T gy (1-V 6 b, reategne b
T R L oy S S——— Ty -
ey 1 G e b, W e amm . Ay et mtns v bt o A 34, {1111, S5, Emere. v

= ' rn 1) D T T

Demonstrated cell
efficiency potential
>33%

21

© Fraunhofer ISE
FHG-SK: ISE-INTERNAL

R. Cariou, Nature Energy (2018) doi:10.1038/s41560-018-0165-5
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Technology Status 2-Terminal 1lI-V/Si Tandem
Direct Epitaxy Growth on Silicon

front contact
2.5 ARC|cap layer
n-AllnP - window layer | T TTTTTTTTTTTTTTTOOT
n-GalnP - emitter
Galnk> - undoped GalnP top cell
st S % = 300-660 nm
20F p'-GalnP - back surface field
< p-AlGainP - barrier layer |
D ; = AN )
— v tunnel diode 1
o | ~9dAsS 0
g n-A - S
n-GaAs - emitter A i
215 G —indoped GaAs middle cell <1E5 cm?
m p-GaAs - base 660-900 nm
p-AlGaAs - back surface field
p’ln R
10¢ e tunnel diode 2
buffer or bond
o € S e e
Si bottom cell
05— ——=5 56 57 } b-Si substrate (100) A = 900-1150 nm
Lattice constant [A]  ———— i
Al back contact  “ALO/SIN,
22 GENTN
© Fraunhofer ISE m' L:ﬁcg::ﬁ:i P 1: Irlt'“” % FraunhOfer
FHG-SK: ISE-INTERNAL ILMENAU e ISE




2018 .

Technology Status 2-Terminal 1l1I-V/Si Tandem
World Record for Direct Epitaxy Growth on Silicon

Efficiency > 30 % also realistic for direct growth but further R&D needed

Photovoltaik-Trend Tandemsolarzellen — Wirkungsaradrekord fur
Mehrfachsolarzelle auf Siliclumbasis

Sliciumsalersellen domivmren haute den Fhotovoltalbmarkt aber die Technalogie ndhart sich dem thearetach masimaien

Wirkungagred an, dar mit Silicem aly allweypem Abse

netanal errwctn warden bann Tandemsatarzellsn srmoghonen

@arch dis Cambination van metwuren Alsothermater
1 0 Autgrand des haheren Wirkurgigr

- Z2 Fraunhofer

100 8r Wi
came422 C3908-tripmm-4-b2

[ AM1.5g, IEC 60903-3 ed.2, 1000 W/m?
- A=0994 cm?(ap), T=25°C

wra duutiich besars snergetische Nutzung des Sannempekisums

terspals korertan wa die Basis der Lomftigen Snlaellengemeration sem At dee
Grundlags interwiver Materislfarchung haben Wassrachaftler am Frausholer SE gemainsem mit Partnam sinen neuen
Wirkungagradiekard von 21,3 Prozent fir meve Mehrfacksolarasile svn Sticium und IIFV-Halbletem srzielt. Debel wt die

Buosandwiiwit, dass dia 1-V-Huleitaeschichten direkt acd das Slicium gewachsss wurden

80

(o)}

GalnP Zelle
GaAs Zelie

60

Strom [mA]
F =N

| J__=10.0 mAlem?
V. =2619V

0F Ga_ In_ P

Ext. Quanteneffizienz [%]

051" 048 Meta Puffer Al
,| FF=850% s e
20 B GaP Nukleation q ..',".::.‘:". we |\ ' .

F f' ! ! I‘|=22.3°b+,-°.8% Si Zelle
0 x 1 a 1

Y i i

400 600 800 1000 1200 %.0 0.5 11.0 1 TS 20 25
Wellenlange [nm] Spannung [V]

23
© Fraunhofer ISE % FraunhOfer

FHG-SK: ISE-INTERNAL ISE
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Technology Status Perovskite/Silicon Tandem Solar Cells

Laboratory Solar Cells

B Only 4 years for increasing the
efficiency beyond Si single-junction
efficiency

small solar cell area !

B Actual record: 28 %
(Oxford PV)

B Industrial production started

Efficiency [%]
N N W
o (@) o

=4
&)

—

| Y I b Ll 4 1 = Ll

® \Worldwide @
® CEurope
* Fraunhofer ISE . e o
ot
@
® eon * |
] ]
@
]
¥

2014 2015 2016 2017 2018 2019
Year

24
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Center for High Efficiency Photovoltaics ZHS at Fraunhofer ISE
Advanced Semiconductor Science and Engineering

400 m? high-tech laboratories 724 m? cleanroom

25
© Fraunhofer ISE % FraunhOfer

FHG-SK: ISE-INTERNAL ISE




Electricity by Photovoltaic has today the lowest Costs and Triggers Market
Levelized Costs of Electricity (LCOE) in US$/kWh

_ Solar photovoitalc
o= - &
0.4 ? g 2 -~ e =Y
= - 4 g z &
0.371 é e 3 2
2 - e = < =
2 ; > s o . Auction database
2 & Z = 2 s LCOE database
0.3 4 = o o g = B 5
- t ~ s ® = e = .
® = = . - ® @ = -
s = - < - 2 g < :
. & = H s - - >
- 4 -? « = = i s b~
2 = £ B : 3 = =
0.2 ° 8 S S s : : -
Fossil fuel?'cosrt_range_ - ! ® . f s
- a : 2 = ®
- - § - “ ® -
S : - @ "‘
= = S — ' — ;
& - : . e g :
E - e : % o
- e “ - $0.048
- s 2
0.0
2010 2012 2014 2016 2018 2020

The LCOE for projects and global weighted average values for solar PV, 2010-20

26
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Future of Solar Photovoltaics, Report, IRENA, 2019 % Fraunhofer
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Status Quo

Current European ¢-Si PV Manufacturing Landscape

®m Silicon/wafer production in
Scandinavia/Germany

W distribution of of small module
production plants
< 500 MW/a capacity

B almost no cell production capacity

Value chain step

® mg-Si/Poly-Si
Ingot / Wafer
® cCell
Module

Factory size

® >s500MWp

® 100-500 MWp
® 50- 100 MWp

® pcc SE
ELKEM
NorSun
3 Hevel Solar
Norwegian Crystals oa
P = SoliTek
&= CS, Wismar- Precizika
Eanu'ri"A Aleo Hanplast
Solarwatt Kness group
. Heckert :
. SunPowerWacker :
RECOM . Energetica
Voltec (Ramp Up)
EDF PW  Megasol ® Altius
M EcoSolifer
Trienergia -
S "~ (under constr.) Pekintas
unerg: .
atersa Heliene Solar < . ~Smart Solar

. Parla Solar EKORE
T (under constr.)

] '

ENEL

27
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Cost Comparison of Module Manufacturing Europe Versus China
Calculation of Full Manufacturing Module Costs

B Comparision costs for module
manufacturing assuming a 1 GW,
manufacturing capacity

manufactured in China
(as reference scenario)

manufactured in Europe with
today’s European material supply
chain (EU.pl)

manufactured in Europe with
adapted European material
supply chain (EU.pl Recover)

- local manufacturing opens
opportunities

All-in Module Costs/Price per Wp {€ct/Wp)

All-in Module Costs/Price per Wp*

30
25,0
I 22,3 e
21,9 I
20 B 19'3 19,9
10,7
15 +
10 +
> 3,6 3,0
0
EU.pl EU.pl Recover CN
m Poly Silicon Net Wafer Production

M Net Cell Production H Net Module Production
SG&A/R&D m Capital Costs

% Shipping & Sale Transaction Costs = Total Production Cost

- All-in Module Costs/Price

28 *Ref: J. Rentsch, et al, Competitiveness of a European PV manufacturing chain, Photovolt. Int., Vol. 43, p. 29-35, 2019
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Development of Cost in Dependence of Manufacturing Size
Scenario: Europe with Today’s Material Supply

® Production volume

better line balancing: less
equipment, higher utilization,
labour decrease

B Supply chain
buying power related discounts
® Additional scaling effects

less overhead
(diluted SG&A cost)

lower interest rate with higher
corporate value

All-in Module Costs (€ct/Wp)

35 " n H
EU.pl” case is shown
30 R 26,6
25
20
12,62
15 ! 12,15 —— —— —— —
e 11,13 10,94 10,73
10 | o o o o -
5
0
500 1.000 2.000 5.000 7.000 10.000
Production Capacity (MWp/a)
mmmm Capital Costs SG&A & R&D overhead costs Yield Loss
Waste disposal Process consumables e Utilities
mmmm Parts L abour s Building and Facilities
= Equipment mmmm Poly Silicon - All-in Module Price

e Pot. (All-in Module Price)

29
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Growth of the European Photovoltaic Market Expected!

—a— Breyer (ITRPV)

o— Solar Power Europe (Hist. + Med. Scenario)
—a— Solar Power Europe (High Scenario )!!

»— Solar Power Europe (Low Scenano)

+— WoodMackenzieiil

® Example: Scenario by Solar Power
Europe

strong market growth already in 2019

10 1| T T 1 Ll L] 1w0
A future growth to more than 30 GW/
s year in 2023
= o 200 =
E //’ O
[= -~ -
® e 500 S :
= y = B Drivers
B 11 = S .. :
I o £ Binding national targets for
= T Tz renewables in many EU-28 countries.
e E —_ _
K 20 & Activities of utilities, corporates, and
R— * . . . .
| ® big funds in Europe who invest in PV
o4 as both the lowest cost and most
2020 2025 2030 2035 2040 2045 2050 versatile energy generation source.
30 i) M. Ram et al, Global Energy System based on 100% Renewable Energy - Power Sector (2017); Lappeenranta University, Finland; ?
ii) SolarPower Europe, Global Market Outlook for Solar Power, 2019-2023; ~ Fraunhofer

iii) Wood MacKenzie, Europe solar PV outlook, 2019

ISE



Costs for Logistics Becomes Notable!
More than 10 % of Full Delivery Costs!

AUELLRR L NS WL L RAEN q

1-2 €ct/W transport cost & CO, emission
Productlon cost 2022 ~ 20 €ct/W

1
NYK LINE.

https://de.wikipedia.org/wiki/Containerschiff#/media/Datei:NYK Virgo (8154929586).jpg

31
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https://de.wikipedia.org/wiki/Containerschiff/media/Datei:NYK_Virgo_(8154929586).jpg

Costs for Logistics Becomes Notable! 2014: 62,6 €CtW, 2019 / 28,0 €CtW, p
More than 10 % of Full Delivery Costs!

F‘J 00 TN LA QNN R w - L PAIEN o

- 1-2 €ct/W transport cost & CO, emission
| Production cost 2022: ~ 20 €t/\W

Guit ot

Mexico o
p. m Silicon

" suen Wafer production
v s«s  mCell production
. 4 % ®Module production
L et | o s ) ; R £ SG&A, R&D, etc.
ne , T o : By . ol B N A : m‘x m Profit Margin

. 1 o i : (s » V' Dtk T ke m Transport

https://de.wikipedia.org/wiki/Containerschiff#/media/Datei:NYK Virgo (8154929586).jpg

\
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Carbon Emissions of PV Production and Effects of a Carbon Pricing
Scenarios: Germany and China

5 Frau nhofer B Fraunhafer
1.40 5.0
120 1.14 = Module 42 4.5 China versus Germany [
Production S 4.0 /
= 1.00 = Cell g 35
s Production oe 30 /
4 Waferin bt 5 - /
 0.80 J =5 25
®) SWw o
Y C c— 2.0 /
o 0.60 z o P
= Crystallisation o 15
‘;L 0.40 m Poly Silicon E 1.0 /
O 0.5 /
0.20 Total .
0.0 . .
0.00 0 50 100 150
Germany China CO, price [€/t]
Carbon footprint of a Cz PERC glass-backsheet module CO, cost difference of a Cz PERC module production
production* located in Germany compared to China
33 -
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PV Market Development, Sustainability and new High-Tech Solutions lead to
Novel Chances for PV-Manufacturing in Europe!

M Europe should cover a large share of its domestic A vision on the circular PV value chain:

energy market with European low carbon
footprint products.
Polysilicon

M Assets when investing in European PV

manufacturing:

- : : : : Crystallizati
providing high-tech, high quality products fecyciitg
satisfying demand for sustainable products

m
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The 10 GW GreenFab
Take the Challenge and Make Business

® 10 GW,, fully integrated production

in Europe is competitive
S L

Polysilicon
B Cost advantages >10 % \
due to reduced logistic costs il T 7
® Production with less CO, ==t (J
em ission &= _:'._" " g : ‘ " — Crystallization
B Strong growing European PV S
market
For more see: https://www.ise.fraunhofer.de/en/renewable-energy-data.html
(:;Eraunhofer ISE % FraunhOfer
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Conclusions

® Photovoltaic technology is the main pillar of the future energy supply

W Efficiencies of cells and modules are still raising in laboratory and industrial production.

Tandem solar cells will bring the efficiency well beyond 30 % in 2030.

B [tistime to invest into a fully integrated 10 GW PV manufacturing line in Europe.
A modern, highly efficient PV manufacturing facility is economically sound and competitive.

Producing in Europe with a GreenFab concept with a small CO, footprint is a strong market
differentiator.

Transport and logistics cost share increases and opens opportunities for European production.
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Thank you for your Attention!

Power Electronics

Industrial Processes iy W

free digitalization 7

Electrical Energ?/ Storage o, sustainable
o

gnd supportuve fuel cell systems

Hyd rogen Technologies . b
ctectriysi o Gr1ds FF@UIN h ofe r ISE
energy savmg
devic gaysulggcetgeUIe sustainable mobility ~resource efgactlepntfynps Silicit founded 1981

Research for the Energy Transformatlon

sector coupling resource efficiency innovative

PV power lants pilot processing Energy Sto rage 7 emission- free cahbratlon ‘
Smart f stems oerniion e ENErgYy Dlstrlbutlon

energy storage  en concentrator optics

ericent. Emerging PV Technologies Energ% onversion

system integration ~resource efficiency E n e r I C I e nc ol e
Ph OtOVOIta ICS 11-v agnd Concentrator PVy

Energy Efficient Buildings

energy-saving sustainable mobility Energy Efficiency
material research  resource efficiency
innovative ¢

Dr. Andreas Bett

www.ise.fraunhofer.de
andreas.bett@ise.fraunhofer.de
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