
CIGS Thin Film Photovoltaics for EU’s prosperity, energy transition 
and enabling net zero emission targets 

Coordinated developments are essential for industrialisation and 
applications of CIGS PV 

EU can reach a leading position in future markets 

Source: https://cigs-pv.net

Contact: E-Mail: info@cigs-pv.net

Indium production in Europe is sufficient for more than 100 GW per year PV 
production with potential to meet TW challenges in a cost effective manner



Contribution of CIGS thin film PV to EU’s prosperity

Study on the EU's list of Critical Raw Materials (2020) recognizes the beneficial impact:

Given its use in PV cells and in batteries, 
Indium can play a role in enabling low-carbon energy solutions 
in the EU economy, contributing to achieve the objectives of the “European strategic long-
term vision for a prosperous, modern, competitive and climate neutral economy"

Source: https://op.europa.eu/en/publication-detail/-/publication/8dabb4c1-f894-11ea-991b-01aa75ed71a1/language-en



Executive summary

• CIGS-PV is crucial for the energy transition research results indicate:
more than 30% efficiency in a 
tandem device is possible

new markets, 
not covered by wafer technologies
light weight
flexible minimal CO2

emissions
• CIGS-PV is a multi GW technology

high efficiency
stable
non-toxic
cost competitive

nearly 2% of the world market
production increasing

• there is enough Indium for TW production 
35% of predicted Indium 
production is enough for 
100GW/year with current
CIGS technology

innovation avenues to reduce 
Indium need per unit power
are available

• Indium supply is sufficient
more than 8 countries, including European countries, 
contribute significantly to the world Indium production Indium resources are widespread 

throughout the world and Europe
• Indium price is non-critical

Indium contributes only 7% to the cost 
of a CIGS module



Photovoltaics Report

CIGS-PV is already now a GW technology

• efficiency above 23.3% for laboratory cells and above 
19.6% for modules

• CIGS PV modules and cells are stable in accelerated aging 
test as well as in the field

• CIGS PV modules do not contain toxic elements
• thin film module prices are 10% higher than Si PV, at a yet

much lower production volume

• thin film technologies will be at the heart of  next
generations of PV at the TW level: 

 simple processing

 low cost

 high throughput

 excellent dispachability

Source: Nakamura, Yamaguchi, Kimoto, Yasaki, Kato, Sugimoto, Cd-free Cu(In,Ga)(Se,S)2 thin-film solar cell with record efficiency of 23.35%  IEEE J. 
Photovolt. 9, 1863 (2019);  https://www.avancis.de/en/avancis-achieves-new-efficiency-record-for-cigs-solar-modules/ ; http://pvinsights.com/

CIGS PV module production is significant and increasing



CIGS-PV is crucial for the energy transition

• High efficiency, lightweight and flexible modules are especially 
attractive for a large range of applications where Si wafer 
based heavy and rigid modules have severe limitations.

CIGS modules produce less
green house gas emissions
than Si PV technologies

• all thin film tandem cells with 24 % achieved

• all thin film tandem or tandem with Si with 
more than 30% feasible

Source: https://www.helmholtz-berlin.de/pubbin/news_seite?nid=21263&sprache=en
https://www.takagreen.com/rtcl_listing/solar-cloth-system-revetements-et-tissus-photovoltaiques/

© ZSW

© Avancis

© Flisom

© Solar Cloth System



There is enough Indium for about 20 GW to 100 GW per year production 
of CIGS-PV with 35% utilization of actual and available resources
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Source: Werner, Mudd and Jowitt, 
Ore Geology Reviews, Jan 2017

In addition, approximately the same 
amount of In from recycling
Source: Anctil, Fthenakis, 
Progr. Photovolt. 21, 1253 (2013)

Primary Indium

• state-of-the-art: 2 microns CIGS with In/(In+Ga) = 0.7 need
2.8 g of In by m2

• with 18% efficiency, 180 W/m2
 15.5 t of Indium / GW

35% of this is enough 
for 100 GW/year of CIGS-PV

35% of this is enough 
for 20 GW/year of
CIGS-PV



EU Indium supply is sufficient to support an EU production 

Distribution of world Indium resources

Average annual production between 2012 and 2016

• production is distributed worldwide
• nearly 10% produced in the EU

Source: Study on the EU’s list of critical raw materials (2020)
https://op.europa.eu/s/pbIA

Peru 
7%

USA
4% India

4%

Japan
2%

EU 2.4%

6

Other
26%

as reviewed by Werner et al, Ore Geology Reviews, 2017

Australia
13%

Russia
11%

China 
7%Peru 

7%

South Africa
2%

India
4%

USA
4% Peru

7%Total estimated resources:
356 kt In
(excluding domestic waste 
estimated at an additional 24 kt)

Mexico
6%

Broad distribution of resources:
• only 7% in China
• 93% in the rest of the world, with 2.4% in the EU
• 35% of zinc production sites are not retrieving

Indium
• wide margin for increasing the refinery

production in Europe (> 10%)

Italy
1%

France
4%

Belgium
3% Germany

1%

Brazil
1%

Russian
Federation
4% Peru

1%
Canada
8%

Japan
8%

China
48%

Korea, Rep.
21% Global production 827 tonnes

Distribution of world Indium refinery production



Indium price is not a significant cost factor

Substrate

Back contact

CIGS

Front contact

Front glass

Other

Shipping boxIn

Indium corresponds to 50% of CIGS BOM at 500 USD/kg
Indium corresponds to 40% of CIGS BOM at 300 USD/kg

Indium contributes only 7% or 1.3c/Wp
• to the cost of a CIGS module
• even at a price 500$/kg

data from Solibro 2018

 current In price is 150$/kg

Source: https://www.statista.com/statistics/1060354/price-of-indium-united-states/

Cost repartition of a CIGS module



Emerging CIGS PV technologies need even less Indium

Source: S. Jutteau. "Design, prototyping and characterization of micro-concentrated photovoltaic systems based on Cu(In,Ga)Se2 solar cells." 
doctoral thesis Université Pierre et Marie Curie - Paris VI, 2016

Routes for less Indium per GW are available in the laboratories

• tandem concepts increase efficiency beyond current 
technologies

• 2.8 t/GW with thickness reduction:
 90 GW/year with actual production

• micro solar cells with concentrators
 140 kg/GW is within reach with x100 concentration

 corresponding to 1 TW/year based on actual production
 > 10 TW/year with disruptive evolutions

Current status

partial replacement by Ga

Thickness reduction

Thickness reduction
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Building a strong CIGS PV industry is crucial
and Indium is sufficiently available in Europe 



Europe's leading role in CIGS research prepares the future of photovoltaics:

• high efficiency tandem technologies

• ultralow weight, flexible thin film PV

• excellent environmental footprint 

Indium production in the EU is sufficient to ensure several 
GW/year CIGS production in Europe
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