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PV and the German “Energiewende”
Renewable energies are a core element of a transformed energy system with solar PV as one of the 
most relevant future energy sources

Core elements of the “Energiewende”

Supply:
A switch of 
generation 

technologies from 
fossil fuels to 
renewables

Demand:
enhanced efficiency 

and more flexible 
consumption 

behaviour

Transmission:
The development 

and deployment of 
smart grids and large-

scale storage 
capacities

Goals of the “Energiewende”

Reduction of  
ecological and health 

strains associated 
with fossil fuel 

combustion and 
nuclear power

Avoidance of risks of 
nuclear power

Provision of a long-
term security of 
energy supply at 
acceptable costs

The switch from fossil and nuclear fuels to 
renewable energies is a core element of the 
“Energiewende”. One essential goal is to increase 
the share of renewables in electricity generation to 
65 percent by 2030.1

This transformation of the energy system will 
require multiple gigawatts of renewable energy 
capacity additions over the next decades. 

Electricity generation from solar photovoltaic (PV) 
systems plays an important role for the 
“Energiewende”, as solar PV is expected to be one of 
the least‐cost and most relevant sources of energy 
by 2050.2 15
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PV and the German “Energiewende”
PV makes an important contribution to the growing share of renewables in electricity generation

Share of renewable energies in electricity, heat 
and transport (2012-2017)3

In 2017, electricity generation from solar (PV) technologies 
amounted to 39.4 TWh (18 percent of all renewable power 
generation and 7 percent of all power generation).

Greenhouse gas emissions avoided through PV amounted to 
24.2 million tons CO2 eq. in 2017.7
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Hydropower
9,1 %

Onshore 
wind energy

40,7 %

Offshore 
wind energy

8,2 %
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photovoltaic 
technologies

18,3 %
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PV and the German “Energiewende”
The transformation of the energy system requires large-scale investments into renewable energies

2017 investment in renewables (billion Euro)4 1.7 GWp of new PV capacity were added in 2017.5

This addition required investments of 1.7 billion 
Euro.4

In 2017, cumulative PV capacity amounted to 
42.3 GWp.5 Thin film PV contributed an estimated 
4.3 GWp (10 percent) to this.6

In 2018, added PV capacity increased compared 
with 2017. Until end of November 2018, 2.4 GWp
of new PV capacity were installed.5

Wind Energy 
(onshore); 7,3

Wind energy 
(offshore); 3,4

Solar 
photovoltaic 
technologies; 

1,7

Solar thermal 
energy; 0,5

Geothermal 
energy; 1,3

Biomass; 1,5 total: 15.7 
billion Euro
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Thin Film PV technologies
What is thin film PV technology?

PV is the conversion of light into electricity 
using semiconducting materials.

Thin film solar cells are made by depositing 
one or more thin layers of photovoltaic 
material on a substrate, such as glass, plastic 
or metal.

PV encompasses many technologies which are 
evolving rapidly as the global PV industry is 
growing. Competition has spurred a steep 
learning and cost reduction curve, which is 
continuing as PV increasingly becomes the 
cheapest electricity generation technology 
globally. 2

Wafer based

Crystalline silicon

Mono-crystalline

Multi-crystalline Silicon

Copper Indium Diselenide

Silicon thin film hybrid Thin film

Tandem, hetero- and multi-
junction technologies

Conventional thin film Emerging thin film

Cadmium Telluride

Quantum Dot PV

Dye Sensitized

Organic PV

Perovskite

Solar photovoltaic technologies

Tandem concepts combining
conventional and emerging technologies
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Thin Film PV technologies
Properties of thin film PV technologies: Overview

(1) Competitiveness

•Economies of scale and 
technological 
improvements led to a 
steep decrease in module 
prices.8

•Performance of thin film 
PV technologies is 
competitive with other PV 
and electricity generation 
technologies.9

(2) Environmental footprint

•Energy and material 
efficient manufacturing 
enables lowest resource 
use and emission profiles 
for thin film PV 
technologies.10

•Due to the low material 
input used, thin film panels 
have a small environmental 
footprint.

(3) Innovative potential

•Emerging thin film 
technologies have a great 
potential for further 
technological improvement 
and cost reduction.
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Thin Film PV technologies
(1) Economies of scale and technological improvements led to a steep decrease in thin film module prices
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Thin Film PV technologies
(1) Performance of PV technologies is competitive with other electricity generation technologies

Solar photovoltaic 
technologies and 
onshore wind energy 
have become the 
cheapest electricity 
generation technologies 
in Germany.

PV plants have reached 
levelized cost of 
electricity (LCOE) 
between 3.71 and 11.54 
Euro/kWh (excl. VAT) 
in 2018.

Levelized cost of electricity of renewable energy technologies and 
(newly built) conventional power plants at locations in Germany in 20189
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Thin Film PV technologies
Properties of thin film PV technologies: Overview

(1) Competitiveness

•Economies of scale and 
technological 
improvements led to a 
steep decrease in module 
prices.8

•Performance of thin film 
PV technologies is 
competitive with other PV 
and electricity generation 
technologies.9

(2) Environmental footprint

•Energy and material 
efficient manufacturing 
enables lowest resource 
use and emission profiles 
for thin film PV 
technologies.10

•Due to the low material 
input used, thin film panels 
have a small environmental 
footprint.

(3) Innovative potential

•Emerging thin film 
technologies have a great 
potential for further 
technological improvement 
and cost reduction.
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Thin Film PV technologies
(2) Due to the low material and energy input, thin film panels have a small environmental footprint
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Due to lower 
resource and energy 
use in manufacturing 
of thin film PV 
panels and similar or 
better performance 
throughout the life 
cycle, the 
environmental 
footprint per kWh of 
generated electricity 
is very low.

Product Environmental Footprint for a 3kWp slanted rooftop PV system, normalizing all 
impact categories and applying an equal weighting of those10

thin film
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Thin Film PV technologies
(2) Life cycle carbon emissions of thin film technologies are predicted to be among the lowest in 2050

thin film
Together with 
onshore wind energy, 
UNEP predicts thin 
film technologies to 
have the lowest life 
cycle carbon 
emissions by 2050.

The main sources of 
emissions in the life 
cycles of PV are in 
manufacturing and 
installation of 
equipment. 

Life cycle carbon emissions of thin film PV (2010-2050)14
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Thin Film PV technologies
Properties of thin film PV technologies: Overview

(1) Competitiveness

•Economies of scale and 
technological 
improvements led to a 
steep decrease in module 
prices.8

•Performance of thin film 
PV technologies is 
competitive with other PV 
and electricity generation 
technologies.9

(2) Environmental footprint

•Energy and material 
efficient manufacturing 
enables lowest resource 
use and emission profiles 
for thin film PV 
technologies.10

•Due to the low material 
input used, thin film panels 
have a small environmental 
footprint.

(3) Innovative potential

•Emerging thin film 
technologies have a great 
potential for further 
technological improvement 
and cost reduction.12
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Emerging thin film technologies11

Thin Film PV technologies
(3) Emerging thin film technologies have a great innovative potential

Significant progress in emerging thin film concepts have been 
made over the past years.

Perovskites have become one of the most promising emerging 
PV technologies showing remarkable progress in terms of low 
cost and high efficiency. 

Another approach is the concept of tandem configurations, 
combining new technologies with existing commercial 
technologies, such as CdTe/Perovskite or CIGS/Perovskite 
approaches.

Within the framework of the BMBF funding "Material research 
for the energy transition", researchers in Germany have 
developed an internationally competitive expertise in the field of 
CIGS/perovskite tandem configurations.12
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Thin film PV in Germany
The thin film PV value chain in Germany comprises activities over the entire PV life cycle

Manufacturing 
of modules

PV system 
deployment 

and operation

Recycling of PV 
modules

Sourcing of 
materials

The PV life cycle encompasses raw material 
sourcing, manufacturing of modules, the 
deployment, operation and dismantling of PV 
systems as well as end-of-life disposal or 
recycling.

Other important segments of the value chain are 
manufacturing of components, manufacturing of 
machinery and equipment and research and 
development. These serve as inputs to the 
module manufacturing process.

Manufacturing 
of components

Manufacturing of 
machinery and 

equipment

Research and
development

PV life cycle

InputsInputs
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Thin film PV in Germany
The thin film value chain comprises diverse segments with high value added

PV system 
deployment, operation 

and dismantling 

Research and
development

Recycling of PV 
modules

Manufacturing of
PV panels

Primary value generation (over the PV life cycle)

Secondary value
generation (suppliers)

Input Input

Semiconductor compounds, 
substrate, laminate

Printing/Coating/Deposition, Laser 
and mechanical structuring tools

Wiring, junction box, inverters, 
mounting systems, trackers

Manufacturing of 
BOS components

Sourcing of 
materials

Manufacturing of 
machinery & 
equipment

The balance of 
system (BOS) 
encompasses all 
components of 
a photovoltaic 
system other 
than the 
photovoltaic 
panels. This 
includes wiring, 
switches, a 
mounting 
system, one or 
more solar 
inverters, a 
battery bank 
and battery 

charger.

Non-PV specific 
goods and 

services

e.g. office supplies, engery

Input Input

Input
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Calyxo TS Solar

Torgau

Eisenhüttenstadt

Schwäbisch Hall

Marienfeld

Arnstadt

Bitterfeld

Manufacturing of thin film modules

Prutting

Lübeck

Freudenstadt

CNBM Avancis

Gräfelfing

Osterweddingen

Frankfurt (Oder)

Konstanz

Berlin

Tübingen

Hamminkeln

Osterwieck

Solibro

Kitzingen

OPVIUS

Freystadt JVG Thoma

Langelsheim

Manufacturing of machinery and equiment

Recycling of PV modules

Manufacturing of components

Research and Development

Brandenburg an der Havel

Oxford PV

Dresden

CNBM CTF Solar

Kelkheim

CNBM CTF Solar

Antec Solar

Thin film PV in Germany 
Firms operating in Germany cover all segments of the 
thin film PV value chain
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Schwäbisch Hall

MANZ CIGS / Nice Solar

Marienfeld

Alsdorf

4-Jet / 4micro
Suhl

Prutting 4-Jet / 4micro

Lübeck

Pullach am Isartal 

Berger Lichttechnik

Freudenstadt

Robert Bürkle

Bystronic Glass

Gräfelfing
Dr. Schenk

Osterweddingen

Konstanz

ISRA Vision/ GP Solar

Berlin

LayTec

Tübingen

Hamminkeln

Olbricht
Osterwieck

Kitzingen

Schmid

Innolas

Krailling

Asbach-
Bäumenheim

Neuhausen

Langelsheim

Fürstenfeldbruck

Singulus Technologies

Manufacturing of thin-film PV modules

Manufacturing of machinery and equiment

Recycling of PV modules

Manufacturing of components

Research and Development

Dresden

Von Ardenne

Dresden

CNBM CTF Solar

Kelkheim

CNBM CTF Solar

Grenzbach Maschinenbau

LPFK Solarequipment

HALMFrankfurt

Thin film PV in Germany 
Firms operating in Germany cover all segments of the 
thin film PV value chain
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Torgau

Eisenhüttenstadt

Freiberg

FRESITEC

Reiling Glas Recycling
Marienfeld

Lübeck

5N PV

5N PV

Osterweddingen

Frankfurt (Oder)

First Solar Recycling
Berlin

Osterwieck

PPM Pure Metals

Reiling Glas Recycling
Langelsheim

Exner-Geiger Trenntechnik

Manufacturing of thin-film PV modules

Manufacturing of machinery and equiment

Recycling of thin film modules

Manufacturing of components

Research and Development

Bielefeld

saperatec

Thin film PV in Germany 
Firms operating in Germany cover all segments of the 
thin film PV value chain
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Eisenhüttenstadt

Freiberg

Langelsheim

Kömmerling

Lübeck

5N PV

5N PV

Köln

Elkem Silicones

Elkem Silicones

Haldensleben

Euroglas

Osterweddingen

F Solar Glas

Frankfurt

GFE Fremat

Nürnberg

GFE Fremat

München

H.C. Starck

GoslarH.C. Starck

Hermsdorf

H.C. Starck

Selb H.C. Starck

Laufenburg

H.C. Starck

HALM

Hanau

Heraeus
Weiherhammer

Pilkington Glass

Glasbeck

Pilkington Glass

Mehlingen

Robeko

Saint Gobain Solar

Mannheim

Saint Gobain Solar

PirmasensKömmerling

Manufacturing of thin-film PV modules

Manufacturing of machinery and equiment

Recycling of PV modules

Manufacturing of thin film components

Research and Development

Thin film PV in Germany 
Firms operating in Germany cover all segments of the 
thin film PV value chain
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Manufacturing of thin-film PV modules

Manufacturing of machinery and equiment

Recycling of PV modules

Manufacturing of components

Thin film research and development

Thin film PV in Germany 
Firms operating in Germany cover all segments of the 
thin film PV value chain16

Brandenburg an der Havel

Helmholtz Zentrum 

Lichtenau

Gelsenkirchen

Second Solar Century

Oxford PV

Dresden

OPVIUS

Loser Chemie

Schwäbisch Hall

MANZ CIGS Technology / Nice Solar Energy

Pilkington Glass
Halle (Saale)

Fraunhofer CSP
Fraunhofer FEP

Stuttgart

Merklingen

Berlin

München CNBM Avancis

Nürnberg

Petershausen

Camline

Bocholt

SM Innotech

Hanau

Umicore Von Ardenne

Herford

Wemhöner

Pullach am Isartal 

Berger Lichttechnik

FreudenstadtRobert Bürkle

Bystronic Glass

Neuhausen

Bitterfeld

Calyxo TS Solar

Frankfurt

HALM

KraillingInnolas

ISRA Vision/ GP Solar

Freystadt JVG Thoma

LayTec

Langelsheim

PPM Pure Metals

MehlingenRobeko

Schmid

Hamminkeln
Olbricht

Konstanz

Zentrum für Sonnenenergie- und Wasserstoff-Forschung

Dark blue indicates primarily
public funded institutions, 
light blue indicates private 
firms active in R&D

24



the consulting company of DIW Berlin

DIW Econ

Introduction: PV and the “Energiewende”

Key technology parameters and characteristics of thin-film PV

Thin-film PV value chain in Germany

Policy scenarios and implications for PV deployment

The future economic potential of PV in Germany

1

3

2

4

5

The Economic Potential of Thin Film Solar 
Photovoltaic Technologies in Germany
Overview

25



the consulting company of DIW Berlin

DIW Econ

Policy scenarios and implications for PV
The global PV market will experience strong growth

In the end of 2017, installed PV capacity exceeded 400 
GWp globally. The worldwide expansion in 2017 
amounted to around 100 GWp, representing a market 
growth of over 30 percent.9

As more countries are installing PV on a significant 
scale, PV plants increasingly prevail in competition 
without subsidies.

The steep global market growth is expected to 
continue. Fraunhofer ISE estimates the global 
cumulatively installed capacity to rise to 5,200 GWp by 
2035 (growth by a factor of 13 compared with 2017 in 
intermediate scenario).9

Global market development scenarios of cumulatively 
installed power (GWp) for PV, 2018-20359

26



the consulting company of DIW Berlin

DIW Econ

Also in Germany, large investments in PV are 
foreseeable. 

Agora Energiewende finds:15

 in order to increase the share of renewable 
energies to 65 percent of gross electricity 
consumption by 2030 (as planed in the coalition 
agreement of March 2018)

 an annual PV expansion of 5 GW is necessary 
between 2020 and 2030.

This expansion path and assumed corresponding 
investments of EUR 1 billion/GWp imply an estimated 
annual economic potential of PV in Germany of 
EUR 5 billion in the upcoming years.

Policy scenarios and implications for PV
The future of PV in Germany: strong growth foreseeable

Annual expansion of electricity generation capacity for 
renewables in order to reach the 65 percent goal15

Note: Around EUR 1 billion was the investment volume associated with 1 GWp newly installed capacity in 2017, see Slide 6.
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The Economic Potential of Thin Film Solar 
Photovoltaic Technologies in Germany
Conclusions

Global market
growth

Highly
innovative 
industry

Ecologic
sustainability

Strong  
German 

position in 
research and 
development

Thin film PV is an ecologically sustainable and competitive technology for 
electricity generation. The global PV market will exhibit high growth, as PV 
is one of the major future energy generation technologies. In Germany, 
substantial investments in PV will be undertaken to reach the goals of the 
“Energiewende”. 

The German thin film PV industry is highly innovative and serves both the 
German and the global market. Firms operating in Germany cover all 
segments of the PV value chain. Moreover, the German industry can draw 
on a well-established knowledge base with top-level research and 
development institutions. 

Jointly, these factors determine a high economic potential of PV in 
Germany. A supportive, technology neutral policy framework would foster 
the realisation of this potential with respect to jobs and economic growth 
in Germany.
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