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Fraction of Renewable Energy in the Growth of
Global Energy Capacities 2001-2020
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New global power generation capacity in 2020 was 80% in renewables, mainly PV and wind!

Source: Bloomberg 2021
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Today:
More than 80% of all
newly installed power

generation is based on
renewable energy!




30 Years of Global Growth of PV Installations 1992 — 2022 CAGR: 37%!
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Global Growth of PV Installations 2010 — 2022 CAGR: 25%!
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PV Heading into the Terawatt Range — this is a Disruption! e s m c

* Rapid introduction of PV globally is fueled by the availability of European Solar Manufacturing Council
cost-competitive, distributed energy and the danger of catastrophic climate changes

* In 2050 or before, much more than 5TW of PV PV will be installed!

* By March 15, 2022, the first 1,000 GW, have been installed!
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PV Learning Curve 1980 - 2022: ESMC

Manufacturing Council
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PV Production by Technology:
Percentage of Global Annual Production
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Increasing the Efficiency
Industrial Realisation
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® Now for many years:
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Increasing the Efficiency
Industrial Realisation
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Innovative New Approaches: Foil-Based Solar Tiles e S m c

European Manufacturing Council
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Innovations with Respect to Efficiency
Industrial Realisation — A View Into the Coming Years
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Bevond the Shockley-Queisser Limit: Further Innovations in PV Cell Technology!
Tandem Solar Cells on Silicon
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Perovskites-on-Silicon Tandem Cells
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Left: Schematic illustration of a perovskite/silicon
tandem cell. Right: Light enters through the perovskite
cell, where mostly the visible part of the solar spectrum
is absorbed. Near-infrared light is transmitted to the
silicon cell where it is absorbed

Perovskite solar cells having high efficiency with tunable bandgap
have great potential for tandem application with silicon solar cells.

J. Phys. Chem. Lett. 2016, 7, 161-166

http://pvlab.epfl.ch/page-124775-en.html Slide courtesy N. Mathews, ERI@N, NTU 2017
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PV Module Production by Region 1990-2021 ===esmc

Percentage of Total MWp Produced Crystalline Wafer-based Solar Modules
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Data: Up to 2004 Strategies Unlimited; 2005 to 2009: Navigant Consulting; 2010 to 2019: IHS Markit; since 2020 IEA PVPS. Graph: PSE 2022; Date of data: 26-April 2022
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PV Cell Production by Region 2010-2020e =eSmC

European Solar Manufacturing Council

Percentage of Total MWp Produced Crystallme Wafer- Solar Cells
In 2020, about 99% of c-Si solar cell production was in Asiagd.4% in Europa and 0.3% in the USA
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PV Production Cost Comparison =esmc

European Solar Manufacturing Council
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Projections to TW-scale PV
from 15t TW workshop 2016 Eumpeane Ms,mcq
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Using simple assumptions, we can project that just maintaining the 2015

deployment rate would reach 1-TW deployment before 2030.
A 25% annual growth rate would reach 5-10 TW by 2030!

Source: Nancy M. Haegel et al, Science 356, 141 (2017)
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2019: Scenarios for Growth of PV till 2050: e S m c
10 Terawatt by 2030, 30-70 Terawatt by 2050! European Solar Manufacturing Council

—
(@))
O
]
fd
N
(@)

140 Total final energy
consumption

1

—
o
(@]

120 -

—t
o
()
1
Co
(@)

(@)}
(@)

Possible scenario for an increase
in electricity use, reflecting

Cumulative PV capacity (terawatts)

World energy (petawatt hours/year)
Co
o

60 - increased electrification — 40 -
L
A0 [ J ........ 20 4
04 World electricity 0.
ZObO 2010 2020 2030 2040 2050 2000 20|10 2020 2030 2040 2050

Source: Nancy M. Haegel, Harry Atwater Jr., Teresa Barnes, Christian Breyer, Anthony Burrell, et al, ‘Terawatt-scale photovoltaics: Transform global energy’, Science 364, 836-838 (2019)

ﬁ 03.06.2021




:
2022: PV Installations and Growth e 5 m C

Photovoltaics at multi-terawatt Towards 75TW by 2050
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Competitive Photovoltaic Manufacturing e S m c

European Manufacturing Council

* PV has become the lowest-cost way to produce electricity in many countries, a rapidly growing element of
the electricity supply, driven by Gigawatt-scale production, smart incentives and technical innovations!

* We expect the global PV market to continue its rapid growth, from the current 320 GW/yr towards 1,000GW
(1 TW)/yr before 2030, possibly till it reaches 3 TW/yr, 10x today’s production capacity!

* For 2040 and beyond, we expect global PV installations of 75 TW!

* Si-wafer based PV technologies, currently more than 95% of the total PV production, are experiencing
, transitioning from PERC to TOPCON, HJT, then to tandem structures
exceeding the 30% efficiency limit. Exciting innovations are still to come!

* These innovations are based on novel materials systems and nanostructures, such as ultrathin oxide tunnel
barriers (TOPCON), aSi - cSi - aSi heterostructuctures (HJT), or novel tandem structures with IV/IV, 111/V, 11/VI,
or Perovskite on Si!

e Competition in PV Manufacturing is fierce, driven by low prices of multi-GW scale production in China, partly
below production cost! To re-establish PV production in other parts of the world - Europe, US, India, GCC
requires intelligent support mechanisms or powerful voluntary support for Domestic Production Portfolios!




