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Outline

I am a free-lance consultant working closely with the German Solar Industry 
Association BSW-solar. Therefore I partly use BSW-solar documentation. 

1. Germany – growth dynamics of the solar thermal market
2. Concentrating Solar Power CSP
3. Germany – growth dynamics of the world’s largest PV 

market
4. PV Market challenges ahead 
5. Innovation & emerging technologies
6. Fostering an international learning process

© ruggero@schleicher-tappeser.eu 22

Respect the indicated copyrights of this presentation.
Quoting is allowed provided you indicate the source.

Mumbai, November 6, 2008



© BSW-Solar 2008 Germany: PV market 3

German Solar Industry Association
Bundesverband Solarwirtschaft – BSW-Solar

TASK Represent the German solar industry 
in the solar thermal energy and photovoltaics sectors

VISION A worldwide sustainable energy supply provided by 
solar energy

ACTIVITIES Lobbying, political advice, public relations, market 
observation, standardization

TIME Over 25 years of activity in the solar energy sector

MEMBERS More than 600 solar producers, suppliers, wholesalers, 
installers and other companies active in the solar 
business

HEADQUARTERS Berlin 



GERMANY – GROWTH 
DYNAMICS OF THE SOLAR 
THERMAL MARKET 
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Basis of the German Success in Renewable Energy Sources:
A Clear and Continous Policy to Increase the Share of RES
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Development of the German Solar Thermal Market

Market data 2008 (estimation)
New installed: 1 050 MW = 1.5 Mio m²
Total installed: 7 500 MW = 10.7 Mio m²
Turnover: 1 200 Mio Euro
Employees: 20.000
Share of vacuum tube collectors: 12%

* estimation
Source: BSW-Solar
Update August 2008
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European Solar Thermal Markets 2007

European 
Market 2007:
2.7 Mio m²
1.9 GWth
Source: ESTIF/BSW
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Domestic Hot Water Production

Typical data for Germany
(4-person household)

• Forced circulation
• 5-6m² collector area
• 300-400 l. solar storage tank
• Costs ~ €4,000 – 5,000

($5,800 – 7,500)

Condensing boiler
oli, gas
new: wood pellets
rarely: elec. power

Flat-plate or vacuum 
tube collector

Solar station 
with controls 
and circulation 
pump

Water
storage tank

Cold water inlet

Market share in Germany: 55%

Image: Paradigma

Image: Schüco
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Solar Thermal Combined System

Combined solar thermal system 
for DHW and auxiliary room heating
• 8-15 m² collector area
• 500-1,000 litres combined storage
• Costs ~ €10,000 – €15,000

($14,500 – $22,000)
• Forced circulation system

Solar station with 
controls and
circulation pump

Boiler

Dom. hot 
water 

storage

Buffer storage Cold water inlet

Flat-plate or vacuum tube collector

Heating
circuits

Market share in Germany: 45%

Combi storage

Image: Roto Frank

Image: Paradigma
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Special Know-how in Large Scale Solar Thermal Systems

Large solar thermal systems for multi 
family houses, hotels, hospitals, nursing 
homes etc. must to be designed well

German companies have a lot of 
experience and offer matured systems

Image: Solvis Image: Wagner & Co
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Promising Technology:
Solar Assisted Cooling

Bundespresseamt Berlin

Adsorption cooling machine

• Solar thermal driven cooling machines
• Cooling demand and solar supply are fitting well
• There are more than 100 systems installed in 

Europe and they are working well
• Small systems for office buildings and 

one/two-family houses are under development

S
ou

rc
e:

 V
ie

ss
m

an
n

IHK Freiburg

S
ou

rc
e:

 F
ra

un
ho

fe
r I

S
E



© BSW-Solar 2008 Solar Markets Germany 12

Solar District Heating will 
play a big role in the future

Semi-detached houses in Neckarsulm, Germany

Solar disctrict heating in Marstal, Denmark
17,000 m² collector area © Arcon 12,000 m² seasonal storage 

Friedrichshafen, Germany
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Solar Thermal Vision 2030
of the European Solar Thermal 
Technology Platform ESTTP
New buildings

100% solar heated buildings will be 
the building standard

Existing building stock
Solar refurbished buildings,
> 50% solar heated, will be the most cost 
effective way to refurbish the building stock

Industrial and agricultural applications
solar thermal systems will cover 
process heating and cooling demands

Overall goal: 
Cover 50% of the low temperature need 
up to 250°C with solar thermal
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Example: Air Collector Facade
In future the building envelope is not only used for protection 
and aesthetics but also for absorption of solar energy and 
therefore supplying the building with energy

Image: Grammer Solar und Bau
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Continuous improvements in the Solar Thermal Technology
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© Solarflex

© Aeroline tube systems

© Wilo

Improved piping

High efficient solar pumps

Selective absorber coating

New collector design
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Solar Thermal Innovations in Germany

• Stratified, seasonal, and latent heat storage tanks
• Anti-reflective glass
• Sputter process for absorber coating
• New collector types (improved functionality and design)
• Improved piping connecting collectors and storage tanks
• Control system technology, heat transfer fluids, solar 

pumping
• Solar cooling, high-temperature collectors
• …
Targets
• Higher solar fraction of heat supply in buildings
• Higher efficiency at lower costs
• Improved integration into the heating system and the 

building envelope
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Conclusions Solar Thermal Energy

• Solar thermal energy will play an important role to 
provide hot water, space heating and cooling

• The German government will increase the share of heat 
from renewable energy from 6% to 14% until 2020

• German solar thermal manufacturers have a huge 
experience in producing high efficient and reliable 
solar thermal systems and components



CONCENTRATING SOLAR 
POWER (CSP)
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Concentrated Solar Power (CSP)



Parabolic Concentrators

Solar tower
Solar thermal electricity production

Source:Solar Energy in Germany
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Basis of the German Success in Renewable Energy Sources:
A Clear and Continous Policy to Increase the Share of RES
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Share of Solar Electricity in Germany

Geothermal
0.1 TWh; 0.1%

Bio energy liquid
1.2 TWh; 2%

Bio gas
8.9 TWh; 11%

Bio energy solid
 6.6 TWh; 8%

Photovoltaics
3.0 TWh; 4%

Hydro energy
21.7 TWh; 27%

Wind energy
38.5 TWh; 48%

Distribution of Renewable Energy Electricity Production in Germany 2007 

Total RES 
electricity 
production
2007: 86.7 TWh
RES share of 
electricity 
consumption: 14.3%

Share of PV electricity 
- of electricity consumption 2007: 0.6% (2006: 0.44%)
- of renewable energy electricity 2007: 3.5% (2006: 3.1%)

Source: BEE, Jan 2008
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Development of the German PV market

Milestones
1991: First Feed-in Law
1991-1995: 1,000 roofs program
1999-2003: 100,000 roofs program
2000: Renewable Energy Sources Act (EEG)
2004: Amendment of EEG

PV Market Data 2007
Newly installed power 1 100 MWp
Total installed power 3 834 MWp
No. of newly installed systems 130 000
No. of total systems installed 430 000
Turnover 2007 5 Bln €/7.25 Bln $ 
Employees 40 000
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India
50 MWp; 2%

ROW 
160 MWp; 6%

Australia
20 MWp; 1%

China
20 MWp; 1%

South Korea
50 MWp; 2%

Japan
230 MWp

9%

Canada 
13 MWp; 1%

USA
305 MWp

12%

Belgium
10 MWp; 0%

France
45 MWp; 2%

Portugal
14 MWp; 1%

Italy
50 MWp; 2%

ROEU
15 MWp; 1%

Spain
518 MWp

19%

Germany
1100 MWp

41%

Newly installed PV Power in 2007: 2.6 GWp
Photovoltaic World Market

Source: BSW-Solar, EPIA, NNPVA 
Updated 5 September 2008



© BSW-Solar 2008 Germany: PV market 26

Germany: Market Segments of on-grid PV Systems

Size of the system
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Image: Solarwatt

residential homes 1-10 kWp multi family houses, public + social 
buildings, farms, commercial plants 

10-100 kWp

Image: Solarwatt

Image: Sharp

Image: BP

Large and very large 
commercial > 100 kWp

Image: Schüco

Image: Geosol Image: Geosol

Image: Grammer

27%
49%

10%

13%

Market share 
in 2006

1%
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Market share of PV systems according to size
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10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

> 1000

>500-1000

>200-500

>100-200

>50-100

>20-50

>10-20

>5-10

>2-5

0-2 kWp

Source: BSW-Solar, calculated from data of 2.2 GWp PV systems from EnBW, EON, RWE, Vattenfall

0-2 kWp

>2-5 kWp

>5-10 >10-20 >20-50 
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Feed-in Tariffs for PV within the German EEG

€c
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Based on degression rates decided on June 6th, 2008

Grid parity will be 
reached between

2012 and 2015

20ct/kWh

Price of small PV systems < 10 kWp [€/kWp] (without VAT)
4400   4050   3700   3400   3100   2800   2550   2300   2100   1900
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Photovoltaic market entrance strategy

• More than €15 billion have been invested in 
PV systems since 2000

• More than €3 billion have been invested in 
manufacturing plants since 2000

• Drop in costs for PV systems of 
– approx. 25% from 1999 to 2003 
– approx. 5% annually since mid 2006

Image: Aleo

2. Building up:
- PV market
- PV production
- Installation capacities
Reduction of costs

Less energy imports 
Creation of jobs

3. PV will become:
- Cost-competitive
- An important 

pillar of the 
sustainable 

energy system

1. Create PV demand by:
- Granting the right of 
solar electricity production 
and grid connection

- Making solar electricity 
production financially 
attractive

First results
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BSW-Solar German PV Price Index

100,0%

95,4%

90,0%

87,0%
86,0%

96,0%

91,4%

89,0%

86,1%
87,5%

86,6%

89,0% 90,1%

85,1%85,5%
87,1%

87,9%

75%

80%

85%

90%

95%

100%

Q2 2006 Q3 2006 Q4 2006 Q1 2007 Q2 2007 Q3 2007 Q4 2007 Q1 2008 Q2 2008 Q3 2008

Price index PV modules
Price index PV systems

Average Price PV system Q3 2008 (<10kWp): 4.373 €/kWp

Source: Representative independent poll of 100 installers by EUPD-Research on behalf of BSW-Solar

PV Moduls = Wholesale price for installer, PV systems = final customer price, ready installed
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PV: CHALLENGES AHEAD
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Large variations in global PV market forecasts for 2010

0

2000

4000

6000

8000

10000

12000

14000

16000

2006 demand 2010

MWp

EPIA Dec 2007a

EPIA Dec 2007b

Navigant Aug 2007a

Navigant Aug 2007b

Navigant Aug 2007c

Sarasin Nov 2007

Deutsche Bank Jul 2007

LBBS Jan 2008
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Worldwide PV overcapacity coming soon?

3737

• Announcements for production in 2010 amount to nearly 20 GWp
• Demand estimates range between 4 and 14 GWp

Big efforts in market development are necessary for avoiding 
overcapacity
Only strong and high quality producers will survive

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Learning curves
• realistic: 100% increase of installed PV 20% cost reduction
• conservative: 100% increase of installed PV 15% cost reduction

Grid electricity price increases

Step by step grid parity will be reached in all important markets in 
the coming years

Share of EU electicity markets where grid parity is reached:

EPIA: Grid Parity Competitive Market in the EU

2008 2012 2016 2020
15% learning curve 0% 5% 25% 60%
20% learning curve 0% 10% 50% 90%

3838

Source: EPIA / Millner, September 2008

Which part of this volume is really accessible? 
© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



New EPIA targets for 2020

3939

• Cumulative PV installed in Europe 2020: 350 GWp
• PV Electricity production in Europe 2020: 420 TWh
• PV share of EU electicity generation: 12%
• CAGR of installed PV base: 40%

EPIA proposes to set this as target for EU energy policies: 
appropriate policies must be developed

Ensuring market growth
Development of technologies

Source: EPIA / Millner, September 2008

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



INNOVATION AND EMERGING 
TECHNOLOGIES
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Boosting innovation in photovoltaics
The new PV markets opened since 2003 by the German feed-in-tariff, 
enlarged by Spain and later followers have boosted innovation activities 
in the PV sector:
• Increased and lower cost silicon production
• Lower costs and efficiency gains in c-Si cells
• Thin film technologies: aSi, µc-Si, micromorph Si, CIGS, CdTe …
• Concentrating photovoltaic systems CPV
• New PV concepts
• Building integration of PV (BIPV)
• Tracking and support systems
• Grid integration concepts

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4141

Innovation and cost reduction are accelerating

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



New developments in thin film PV
• More than 100 companies have announced time frames and 

capacities for TF PV production 1

• 40 Europe, 27 China, 12 Taiwan, 19 USA, 8 Japan
• 82 Si, 19 CIGS, 7 CdTe, 5 Dye & others

• More than 12 companies offer “turn-key” production systems 1

• Estimates for 2010: nearly 5 GW 2

• Steady correlation since 30y: doubling volume 22% cost reduction
• Thin film factories mushrooming, also in Germany

• Q-cells (a-Si/µc-Si, CdTe/CdS, CIGS)
• Ersol – now a Bosch subsidiary aiming at rapid expansion  (a-Si)
• Masdar initiative (Si, Applied Materials)
• A series of smaller companies (see map)
• Equipment  providers (Roth & Rau, Manz, Centrotherm, etc. )

1 Jaeger-Waldau 2008 2  LBBW 2008

© BSW-Solar 2008 4242© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Concentrating Photovoltaic Systems CPV
• Low-concentration (factor < 10) and high-concentration 

(factor >100) systems
• Low concentration modules (10x) with conventional

Si-cells: high yield with low system costs
Germany: Archimedes (ZEW Stuttgart spin-off) 

• New high-yield cells open new prospects
• World record 40,8% efficiency with triple-junction cells 
• European record (Fraunhofer ISE) 39,7 % efficiency

• Integrated concentrator modules (500x) promise low costs for sunny regions
• 5,6 MW plant near Sevilla with Concentrix fresnel-lens modules shows 23% 

efficiency (Concentrix is an ISE spin-off with Albengoa capital) 
• new Concentrix modules: efficiency over 27%, energy payback time <1 year
• automated 25 MW 

production line 
opened Sept 2008 
in Freiburg

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4343

© Archimedes

© Concentrix

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



• Whole roofs as a first step
• Other components of the building shell require more sophisticated solutions / 

integration with 
• standard building components
• planning and building processes
• construction industry

• Very high potential but little commercial progress in the last years
• Research in Germany: 

Fraunhofer ISE etc.
• Innovative Systems and 

Components:
• Schott
• Schüco
• Systaic

• New opportunities with thin 
film products

Building Integrated PV (BIPV)

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4444
© Solarsiedlungs-GmbH

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Building Integrated PV (BIPV) 2

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4545

• Wide range of possible applications
• Increasing aesthetical options
• Low or no additional costs for support structures
• System solutions required

© Schott

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Building Integrated PV (BIPV) 3

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4646

© www.solarnova.de

© bsw-solar

© Saint Gobain

© AKAFÖ

© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Grid integration

• Reduced scepticism concerning grid management:
Inverter industry : no problem with up to 50% solar 
electricity in German grid

• Inverters have to take over tasks in grid stabilisation
• “Kombi-Kraftwerk”: virtual hybrid power station 

combining wind, solar, biogas & hydro has shown 
high performance in matching demand

• slow but systematic progress in net metering: 
adapting demand to the offer

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4747© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Mini-grids & hybrid systems

• Mini-grids:
– improved inverters & controls bottom-up construction of grids 

increasingly attractive: scalable mini-grids with usual 230V 
appliances

– hybrid systems combining PV, wind and biofuels increasingly 
standardised

– Improving storage technologies

• PV markets off centralised grids with huge potential
– high diesel costs call for new approaches
– declining costs of PV-focused mini-grids offer new solutions
– rural population needs electricity

• Important contributions from research institutes and 
industry (ISET Kassel, Fraunhofer ISE, SMA, Kaco, 
Steca, Fronius, Energiebau ..)

© BSW-Solar 2008 Germany: PV market, Sept 2nd, 2008, Valencia 4848© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



A COLLECTIVE INTERNATIONAL 
LEARNING PROCESS

4949© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Fascinating challenges asking for joint efforts
• PV will be able to deliver large parts of worldwide electricity at 

competitive costs
• New opportunities for areas with no or weak grids
• Huge growth opportunities for the PV industry
Challenges

Bridging of the cost gap until grid parity, ensuring continuous market 
growth (► politics) 
Reducing administrative barriers for PV (► administration,politics)
Bringing down the costs through continuous innovation (► industry, 
research)
Ensuring high quality with qualified personnel (► industry, training 
institutions)
Creating new markets with new applications, BIPV (► industry)
Supporting the growth of PV markets worldwide (► industry, politics)

5050© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008



Rapid learning requires co-operation

• Co-operation along the value creation chain
• Co-operation between research and industry
• Co-operation between national industry associations
• Co-operation between governments in order to ensure a balanced 

market growth

• The new International Renewable Energy Agency IRENA
may play an important role for enhancing co-operation and 
improving frame conditions
– negotiations for an international treaty next week in Madrid
– Germany, Spain & Denmark main promotors
– foundation scheduled for January

5151© ruggero@schleicher-tappeser.eu Mumbai, November 6, 2008
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