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Background: Solar PV techs and supply chain
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* Silicon: dominant PV technology
* China: dominant of silicon PV supply chain
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Background: Pros and Cons of China concentration
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PROS CONS
 Market concentration

* About 90% solar cost decline * Geographic concentration (China)
* Solar = most affordabable source of —> Supply chain vulnerable to shocks
electricity —> Import dependency
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= Polysilicon prices could rise 177% on supply impact: Daiwa
@O  Source: WNISR, Lazard = No. 4 producer GCL-Poly shuts Xinjiang plant after explosions
By Bloomberg News
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Q, Type to search

e Solar PV crucial technology to reduce energy
GHG intensity

The Inflation Reduction Act vs. China’s PV
Dominance > U.S. energy policy takes a stand for
domestic solar industry

Supply chain diversification needed s

* Growing interest of EU and US policymakers to
reduce dependence and stimulate domestic
manufacturing

* Inflation Reduction Act (US) pv magazine

° G reen Deal Industrial Plan (EU) News ~ Features - Fvents ~ Awards ~ Partnernews -~ pvmagazinetest ~ Printarchive ~ About ~

European Commission introduces Green
Deal Industrial Plan

The European Commission listed tax exemptions, flexible aid, and the promotion of
local manufacturing among its Key strategies for the Green Deal Industrial Plan.
However, the SolarPower Europe indusiry group has criticized the plan’s lack of focus
on solar.
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Alternative technologies

Silicon Thin-film Tandem (novel)
SJ SJ
(95% of market)
PERC CIGS Perovskite/CIS
SHJ CdTe Perovskite/PERC
Perovskite (novel) Perovskite/SHJ

* Thin-film could be alternative to complement silicon supply
* Thin film tandems (perovskite/CIS) show good performance (high-efficiency)
* Thin film equipment suppliers location: Europe/US

* Thin film R&D location: Europe/US

Can thin-film tandem PVs be competitive with silicon-based PVs (S) and tandems)?
* Economic

*  Environmental
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Research Contribution

|. Quantify costs and GHG emissions of PV technologies produced in:
 EU
¢ China
* US

2. Determine whether thin-film tandems can be competitive with dominant silicon PVs
made in China

3. Project the analysis to 2050
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Economic and environmental indicators employed

* Module-level: analysis until PV module production

» . . USD$
Minimum sustainable price (MSP) = [7]

kg CO2 eq]

Carbon footprint (GWP) = | W

* System-level: deployment of PV modules in PV system to generate electricity

» Supported by Energy Yield calculations: annual energy generated at three climatic locations

USD$

Levelized cost of electricity (LCOE) = [m]

g C02 eq

Greenhouse gas emission factor (GEF) = | Wh
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Results — Module level
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Main considerations

Contrasting results are found for MSP and GHG

Large scale production of PERC (1 GW) — lowest costs

Perovskite/CIS (thin-film tandems, made in EU/US) can
reach similar costs to perovskite/PERC made in EU/US

EU made perovskite/CIS have 22% probability to have
lower costs than perovskite/PERC (China)
US made perovskite/CIS have 34% probability ot have
lower costs than perovskite/PERC (China)

Perovskite/CIS (EU) have approx. 60% less GHG than
PERC and HJT §) made in China

Perovskite/CIS (US) have approx. 52% less GHG than
PERC and HJT §) made in China
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Results — System level

8.6

=

2 EU PV system - Utility Scale\ m  SJ (EU-manufactured) EU PV system - Residential Scale

2 5.4 1 ® SJ (CN-manufactured) N

8 2T BVl A Tandems (EU-manufactured) 8.4 RIT

8 - 4T PVK/HJT A Tandems (CN-manufactured) ’ 2T PVK/HJTI

(] bz -]

o)
o L B o6 Cles 1

= 4] PERC cies

7 HIT

§ ol iZT PVK/PERL T AT PYRRIT AR FL

S 1 PaT 4 2T PYKIRST +
=2 s ~ N 8.0- 2T PVK/PERC L

S 4Bk | TV T pere] ) JH n 2T PVKHIT| [ HIT (500 Mw)
a ‘ AT PVKIHUT _AATPVKPERC T

o T PVK/CIS cies A | PERC
= }—’:‘% — - -
£ 464 l 4T PVK/CIS L 4 T — 7.8 ﬁ PVK/CIS — PVK ATPVIRT

> PVK \ — L 2T PVK/CIS

N 1 1 2TPVKICIS & % TP A 3

(0] 1 ’/ PERC 2T PVK/PERC L —
-g) 4.4 J lﬁ © 4TPVKPERC 2 PVK/PERC 7.6 RIFVRES ~ PERCIIENY
g VK
) ‘ o B AT PVK/PERG

- . lPI:RU('I GW) W . R
g 42 T T * T R T f T " T T T T T 74 " T T T T T 5 T o T 5 T T T
) 14 16 18 20 22 24 26 28 16 18 20 22 24 26 28 30
a

GEF (avg desert/tropical/oceanic) 4cooeqiwh

Main considerations
* Figure shows LCOE and GEF for PV modules made in EU (and installed in EU) and PV modules made in China (imported and installed in EU)

Utility-scale power plants: EU manufactured technologies have higher LCOE
* Residential-scale: EU manufactured perovskite/CIS can be cost competitive with imported silicon PVs

Perovskite/PERC (China) 2-4% lower cost per kWh than perovskite/CIS made in EU
GHG emissions per kWh of perovskite/CIS are 37-40% lower than perovskite/PERC made in China
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Results — System level

Main considerations
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* Figure shows LCOE and GEF for PV modules made in US (and installed in US) and PV modules made in China (imported and installed in US)
e Similar findings as for the EU case (previous slide)

* Perovskite/PERC (China) 1-2% lower cost per kWh than perovskite/CIS made in EU
*  GHG emissions per kWh of perovskite/CIS are 33-35% lower than perovskite/PERC made in China
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Results — out to 2050
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EU PV system - Utility Scale EU PV system - Residential Scale

—— PVK/CIS (100MW, Manufactured in EU)
-PERC SJ (1GW, Manufactured in CN)

—HJT SJ (500MW, Manufactured in CN)

PVK/PERC (100MW, Manufactured in CN)

—— PVK/HJT (100MW, Manufactured in CN) Main considerations
* Expected transitions towards low-carbon
energy mix in China in the next decades

3.6 4
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Results — out to 2050
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* In the following decades, additional PV manufacturing capacity will need to installed to meet growing demand
* Our findings support development of thin-film production capacity could complement this additional supply
* Enable supply chain diversification
* Faster power system decarbonization
|. Perovskite/CIS (EU) have one of the lowest GHG performances (as low as 0.21 kgCO2eq./W)
2. Minimum Sustainable Price can be competitive with perovskite/silicon made in China

3. LCOE of perovskite/CIS made in EU or US can be competitive with perovskite/PERC or PERC PV imported from China

4. GHG emissions per kWh of perovskite/CIS (EU or US) is between 33-40% lower than perovskite/PERC imported from
China

5. Out to 2050, cost competitiveness can be retained and GHG emission advantage can be up to 20%
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Thank you for the attention.
Questions?

Alessandro Martulli — alessandro.martulli@uhasselt.be | tandemPV Workshop | Chambery, France | June 7%, 2023



