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The Role of Solar Thermal Energy
in the Future Energy System and the
Technological Potential

Gerhard Stryi-Hipp

Group leader

Solar Thermal Systems
Fraunhofer Institute for
Solar Energy Systems ISE

President
European Technology Platform on
Renewable Heating and Cooling

German-Japanese Solar Day
Tokyo, June 22, 2012
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Relevance of the Heating and Cooling Market

Final energy EU 27 Oil price development
Heating & cooling has the largest
share on final energy demand

Electricity 4\
Oil and natural gas price is 25% / f/

growing continuously EUS
33%

Dependency on fossil fuels import

is growing 2010

= In future, energy policy must
focus equally on
electricity, transport B Production
AND heating & cooling

H Import

Energy import

Solid oil Gas All Fuels of EU 27 in 2007
Fuels
-—
© Fraunhofer ISE 2012 % Fraunhofer

ISE
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Important Part of the Solution: RHC-Technologies
RHC = Renewable Heating and Cooling

Heating & cooling demand can be
reduced significantly and satisfied
increasingly by RHC.
= Until 2040 we can reach

100% RES for heating & cooling

Benefits of RHC-technologies
Mitigation of climate change
Reducing import dependencies
High security of supply

Protection against oil price increase
(social aspects)

Local added value, creating jobs

Heating and cooling demand in Mtoe

Heating and cooling demand
and RHC-potential in EU 27

&

Heating & cooling
demand
(RDP-Scenario)

g

Renewable
heating & cooling
potential

g

8

o
2010 2020 2030 2040 2050

Source: EHC-platform, Common vision for the RHC-sector, 2011
RDP-Scenario = Full Research, development and policy scenario

© Fraunhofer ISE 2012

]
~ Fraunhofer
ISE

Solar Thermal Energy - Characteristics

MARKET 2010 (EU-27 + Switzerland)

* Newly Installed: 3.7 Mio m?/ 2.6 GW,,
+ Total installed: 34 Mio m?/ 24 GW,,
* Heat produced: 1.5 Mtoe / 17 TWh

CHARACTERISTICS

 Solar radiation: for free and everywhere

+ Daily and seasonal solar variation
Storage and auxiliary heating source needed

CHALLENGES

* Increase the solar fraction per building
From hot water to Solar-Active-Houses

« Enlarge the type of applications
Large systems, district heating, process heat,
higher temperature, solar assisted cooling

* Reduction of costs

APPLICATIONS
Domestic hot water
& space heating

— One/two/multi
family homes

— Hotels, hospitals,
residential homes, ...

— District heating
systems

— Multifunctional
facades

— PV-Thermal (PV-T)
hybrid collectors

Process heat

— Low up to 100°C

— Medium up to 250°C

— Solar assisted cooling
and refrigeration

© Fraunhofer ISE 2012
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Solar Thermal Energy: Underestimated Source of Power

Total Capacity in Operation [GW¢ ], [GWy,] and Produced Energy [TWhg ], [TWhy,], 2011

600
heat power

¢~ 5140 W Total capacity in operation [GW] 2011
¥ Produced Energy [TWh] 2011

500+

400+
300- % PROGRAHHE
INTERNATIONAL ENERGY AGENCY
Source: IEA-SHC
200+ Solar Heat Worldwide,
Edition 2012,
www.iea-shc.org
1004
8 1.2 29 06 0.8
Solar Thermal  Wind Power Geothermal Photovoltaic  Solar Thermal  Ocean Tidal
Heat Power Power Power
=
© Fraunhofer ISE 2012 % Fraunhofer

ISE

Solar Thermal World Market 2010 - 10 largest markets

= 34,300 Installed capacity [MW,/yr]
2,500 T— gt
Installed capacity in Japan 2010
Unglazed: 0 MWth (0 m?)
2,000 ETC: 3.4 MWth (4,794 m2) I unglazed

FPC: 1111 MWth  (158.716 m?)
Total:  114.5MWth (163,510 m?)

ETC Evacuated tube
1,500 " collector
1,151 HFPC Flat plate
collector
1,000 1 814 805
677
622
o I I l E
244 228
A B = H H BB Emm
China Turkey United Germany Australia Brazil India Ttaly Spain France
States
Total capacity of newly installed glazed and unglazed water collectors
inthe 10 leading countries in 2010 Source: IEA SHC, Solar Heat
Worldwide, Edition 2012
=
© Fraunhofer ISE 2012 % Fraunhofer
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Flat Plate Collector - Construction

B Typical high efficient aluminium framed flat plate collector

Absorber from Copper or Aluminium,
selective coated:

high absorption of sunlight

low emission of infrared-radiation

Copper tubes

Low iron solar glass
ultrasonic or laser welded Aluminium profile

= improved transparency
Sometimes AR
anti reflective coated

K"“—-__

Adapter plate

Insulation Connection tube

Aluminium
E back board

Aluminium frame

Insulation

Source: GreenOne Tec

ZZ Fraunhofer
ISE

© Fraunhofer ISE 2012

Solar Domestic Hot Water System — forced circulation

Typical system in Germany

Solar radiation Hot drinking (4 person household):
water outlet

* Forced circulation

* 5-6 m? collector area
* 300 liter storage tank
* 4000 € - 5000 €

Glazed solar collector -
Flat plate collector or ﬁ::t':;ag“",ia
Evacuated tube collector natural gas,
oil, wood,
/7‘ district
heati
Pumped solar circuit eIf::ttI:gi’ty
- Anti freeze heat transfer fluid ’
- Controller o --h st
frtinn olar heat store Cold drinki
with two heat old drinking
- Safety (pressure) valves exchangers water inlet

\

“ZZ Fraunhofer
ISE

© Fraunhofer ISE 2012
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Thermosiphon Solar Domestic Hot Water Systems
are mainly used in southern countries
Typical system for Southern Europe:

* Thermosiphon system

» 2-4 m? collector area

* 80-150 liter storage tank

* Natural circulation

Natural

convection:
The solar heat
expands the heat
transfer fluid, becomes
lighter and rises to the

storage tank above.

Source: Schueco

-—
© Fraunhofer ISE 2012 % Fraunhofer
ISE

Typical Solar Thermal Combi-System

for domestic hot water and space heating

Typical system in Germany:
* 10-15 m? collector area

» 500-1000 liter storage tank
» 8000 € — 12000 €

* 20-30% solar fraction

Main store contains /
heating water (buffV i
Domestic hot wate LA
tank contains
drinking water

Space heating

circuit
(water system)  Combi store
=
© Fraunhofer ISE 2012 % Fraunhofer

ISE
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Solar Thermal Technology Platform
Support of technological development in Europe and Germany

Objective: accelerate the Solar Thermal Vision 2030

technological development _
Role of solar thermal energy in 2030,

which technologies will be used?

Politicians
Researcher Industry Strategic Research Agenda
Which R&D is necessary
to let the vision become reality?
™ Solar Thermal 1
Research
Agenda .
v ey published: Implementation
—— www.rhc- Stimulation of new R&D programs,
platform.org political advice, lobbying,...

www.dsttp.de

=—
© Fraunhofer ISE 2012 % Fraunhofer
ISE

Solar Thermal Vision 2030
of the Solar Thermal Technology Panel of
the European Technology Platform on RHC

B New buildings: Active Solar House
- 100% solar heated buildings will be the building
standard

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

B Commercial + Agricultural Solar Applications
- Solar thermal systems will cover process heating and
cooling demands

B Solar district heating and cooling networks
- will be widely solar assisted

Overall goal: ca. 50% of the low temperature needs
(up to 250°C) will be provided by solar thermal

\

© Fraunhofer ISE 2012 % Fraunhofer
ISE
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Four Strategies to develop the full potential of ST

1. The number of solar thermal systems
has to be sharply increased
=> lower costs for standard technology,...

2. The share of solar thermal energy per building has to
be increased step-by-step up to 100%

=> system technology, storage tanks,...

3. ST has to be introduced in new market segments like
public buildings and the commercial sector
=> Adapted collector & system technology,... — -.
4. New technologies & applications have to be developed
like solar assisted cooling and
district and process heating
=> Adapt ST and application technology...

© Fraunhofer ISE 2012 % Fraunhofer
ISE
From SDHW only ........... to 100% Solar Heated Houses
SDHW
solar domestic SDHW + space ‘Solar Active House’ mainly heated by solar
hot water heating heating support SDHW + space heating support (large share)

10%-20%  20%-30% 50% - = = == == mememmama 100%

a;.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Share of solar thermal energy in the heat demand of a building

\

© Fraunhofer ISE 2012 % Fraunhofer
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Concept of Solar Heated Building

Solar Thermal
Collectors
30m? - 60m?

Seasonal Heat
Storage (Water)
6-10m?3

Solar Fraction
(share of

the overall
heat demand):
60% - 70%

-—
© Fraunhofer ISE 2012 % Fraunhofer
ISE

Large Solar Thermal Systems

B For multi family homes, hotels,
hospitals, nursing homes

B Crucial: management of the
different heat sources

Image: Wagner & Co

-
© Fraunhofer ISE 2012 % Fraunhofer
ISE
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Promising Technology
Solar Assisted Cooling

B (Solar) thermally driven cooling machines

B Cooling demand and solar supply patterns
match well

B There are already more than 400 pilot
systems installed in Europe

B Small systems are under development

Source: Viessmann

© Fraunhofer ISE 2012

ISE

Source: Fraunhofer

ZZ Fraunhofer

ISE

Promising Application
Solar District Heating
- will play a big role in the future

Solar District Heating, Marstal, Denmark
collector area 17,000 m* ©Arcon 12,000 m?® seasonal storage, Friedrichshafen, Germany

© Solites

© Solites

© Fraunhofer ISE 2012

Z Fraunhofer
ISE
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Solar Thermal R&D topics identified

KRl g S WE ©

B Solar Thermal Collectors

B Thermal storages for
single buildings

H Seasonal thermal
storages for district
heating grids

B System technology
B Solar process heat

B Solar cooling and
refrigeration

© Fraunhofer ISE 2012

]
~ Fraunhofer
ISE

Example: R&D topics of flat plate collectors

Overall goals: Cost reduction,
adapted to application

New materials
- plastic, steel, ...

New production methods
- absorber, housing,...

Security, operation
- avoid stagnation (switchable,..)

Adapted to the application
- temperature up to 250 °C
- Roof / fagade integration

Special constructions
- Air collectors
- PV-Thermal hybrid collectors
- Integrated storage collectors

Absorber from Copper or Aluminium,
selective coated:

high absorption of sunlight

low emission of infrared-radiation

Low iron

solar glass Copper tubes o
sometimes ulirascnic or laser welded Aluminium profile
AR coated Adapter plate

<

Inm\ Connection tube
Aluminium Aluminium frame

back board R
Insulation

Source: GreenQneTes.

© Fraunhofer ISE 2012
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Conclusions

B Solar thermal technology is a well established
technology in Germany and Europe, however,
the market is stagnating in recent years

B Solar thermal energy can cover up to 50% of
the overall energy demand for heating and
cooling in Germany and Europe

B German and European Technology Platforms
identified a huge potential for technological
development of solar thermal energy

B R&D activities in the fields of solar thermal
energy are growing in Germany and Europe

=—
© Fraunhofer ISE 2012 % Fraunhofer
ISE

Thank you very much for your attention

Fraunhofer Institute for Solar Energy Systems ISE

Gerhard Stryi-Hipp

www.ise.fraunhofer.de

gerhard.stryi-hipp@ise.fraunhofer.de

\
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*|5E55 Solar Thermal Energy

in Germany

Presentation

by the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety

Solar Energy Symposium
lino Hall
Tokyo, 22 June 2012

Q | Hrl.llrml.ﬂml‘sdwu

“wzEnergy concept - specific
targets

greenhouse primary  energy building
gases energy pro- renova-
(vs. 1990) ductivity tion
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a Bundesministerium
fiir Umwelt, Naturschutz
und Reaktorsicherheit
Renewable energy sources as a share of energy supply in
Germany
40
’ 2000 32002 2004 [@2006 [12007
35 minimum 35.0
02008 2009 2010 Targets: (12020
30
—_ 25
= Gross final energy
c consumption
o 20
5 —18.0" 17.0
<
T 1407 Transport
Wb ] sector
10 i 9.5 10. 12 94
- . 58
549 3:9 29
0.4
0 - T T T T
Share of RES in total final Share of RES in total gross ~ Share of RES in total Share of RES in fuel 2 Share of RES in total
energy consumption electricity consumption energy consumption for  consumption for road traffic primary energy,
(electricity, heat, fuels) heat consumption
1) Sources: Targets of the German Govemment according to Energy Concept, Renewable Energy Sources Act (EEG); Renewable Energy Sources Heat Act (EEWarmeG), EU-Directive 2009/28/EC;
2) Total ion of engine fuels, ing fuel in air traffic; 3) Calculated using efficiency method; Source: Working Group on Energy Balances e.V. (AGEB);
RES: Renewable Energy Sources; Source: BMU-KI |1l 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat); image: BMU / Brigitte Hiss; as at: July 2011; all figures provisional
BMU —KI Il 1
D of energy in Germany in 2010 3

ﬂ Bundesministerium
fidr Umweelt, Naturschutz
und Reaktorsicherheit

Structure of heat supply from renewable energy sources in
Germany 2010

Total: 136.1 TWh

m Biogenic solid fuels
(households):
534 %

@ Biogenic solid fuels
(industry):
15.0 %

O Near-surface
geothermal energy:
3.9%

[ Biogenic solid fuels (co-

generation power
B Deep geothermal - installations and

energy: heating installations):

0.2% O Biogenic share of Biogas: 520,
waste: 5.6 % 1 Biogenic liquid fuels: ’
[ Solar thermal energy: 8.7 % 3.0%
3.8% oS 3
: B Landfill gas: evs:)age%gas
0.3% Share of biomass *: 92 %

* Solid and liquid biomass, biogas, sewage and landfill gas, biogenic share of waste; Source: BMU-KI 1l 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat);
1 TWh = 1 Bill. kWh; deviations in the totals are due to rounding; as at: July 2011; all figures provisional

BMU - KI Il 1
D of energy in Germany in 2010 4
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® | S Renewable energies in new buildings:
heat pumps (red), solar collectors (yellow)

biomass (green)

Wohngebaude
Erneuerbare Energien

70%

60%

50%

40%

30%

Anteil der Neubauten mit

jeweiliger Nutzungsoption

= 20%

10% -

0%
1998 2000 2002 2004 2006 2008 2010

B Warmepumpen Solarthermie M Biomasse

* Bundesministerium
fidr Umweelt, Naturschutz
und Reaktorsicherheit
Development of collector area and energy supply of solar thermal
installations for heat supply in Germany
6,000 16,000
[ Energy supply [GWh]
=&~ Area, cumulative [m?] A 1 14,000
5,000 !/
I+ 12,000
4,000
i+ 10,000
5 =
S 300 L 8000 S
= 7 3
p= =
4 6,000
2,000
I+ 4,000
1,000 Bemiio
5 g8 8§ & Lt 2,000
B opo @ 3| gl el gl gl 3|8l
~ S| 2| 8] % S A S BT A T S
0 T T T 'n'v'mlw'oo' T T T .N.N.N.m.m.q.q.mo
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Source: BMU-KI Il 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat); 1 GWh = 1 Mill. kWh; image: ZSW/ Ulrike Zimmer; as at: July 2011; all figures provisional
BMU - KI 11l 1
D of energy in Germany in 2010 6
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Additions to solar collector capacity in Germany since 1990

1.400 16
—e— Total area, cumulative 14,0
acmd [ Additions of solar thermal w ater heating systems 129 o 14
Additions of solar combisystems
B Additions of absorber systems for sw imming pools 113 12
1.000 4
9,4

Netincrease [1,000 m?]
o
Total installed area [Mio. m?]

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Diagram takes account of decommissioning of old installations; combined solar thermal installations: hot water heating and central heating support
Sources: BMU based on AGEE-Stat and ZSW, BMU-Publication “Renewable Energy Sources in Figures — National and International Development”,
July 2011

ﬂ Bundesministerium
fiir Umwelt, Naturschutz

kst Solar thermal collectors:
types, costs and quality standards

+ atleast 80 % flat plate collectors, 10 - 17 % vacuum tube collectors,
under 1 % other types

* moderate cost trends: 30 % cost reduction between 2000-2007;

currently type-related range from 745 € /m? to 1320 €/ m?, average
costs of 794 €/ m?

no legal quality standards, however
* European Standard (DIN EN 12975)
* Criteria Set for the ,,Blue Angel* ( 47 products certified and labelled)

» excellent valuation by consumer institution ,,Stiftung
Warentest™ (2008)

» quality certification for solar collector installars (RAL)
* no need for further regulation

N O e e e Y
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B Labelling on Solar Thermal
Collectors

und Reaktorsicherheit

German solar thermal market 2010

ﬂ Bundesminisierium
filr Umwelt, Naturschutz

e total investments: 2.1 Bio. €

 turn over of SME-based solar collector producers
in 2009: 1.2 Bio €

 annual economic growth in the last decade:
appr. 20 %

* 11.000 jobs (2010);
* share of German companies: 69 %
 importing countries include Austria and China

* 75 % economic value added realized in Germany
(including installations)

28 LY TANE ARk
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d

Bundesministenum
filr Umwelt, Naturschutz

e Solar heating — fostered by

the new Renewable Energies Heat Act

Came into effect on January 1, 2009

Target: 14% renewables share in energy for
heat and cold by 2020 (fixed in law)

Obligatory use: new buildings
must use renewable energies or comparable
efficiency technology

The Lander are empowered to introduce
obligations for existing buildings (First
Land: Baden-Wurttemberg from 2010)

Market incentive program — focus on
existing buildings - is part of

the Renewable Energies Heat Act:

up to 500 mio. € p.a. from 2009-2012

11/22

d

Bundesministerium
fiir Umwelt, Naturschutz

s Solar heating - funding by

Market Incentive Programme (1)

Programme Targets:

* Focus: heat generating technologies from renewable
energy sources and infrastructure, for example innovative
solar heating systems

» enable market development through stimulation of turn-
over

* Induce cost reduction potentials and technology
development

 QGrants are only available if installations comply with
ambitious standards, for example “Solar key mark™

12/22
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Bundesministerium ° °
*';’u Solar heating - funding by
Market Incentive Programme (2)

Market Incentive Programme —
numbers of funding for solar heating systems

* from 1999 to 2010 over 1 mill. plants have been funded,
mainly small scale systems with max. 40 m? collector area,
large scale plants over 40 m? in ca. 300 cases

* investments of 8.4 Bio. € were stimulated
« funding, types and quotes:

- Investment grants for small scale systems,
averagely 14 % of the amount invested

- low-interest loans with redemption subsidies for large
scale plants, up to 30 % of the amount invested

13/22

um
filr Umwelt, Naturschutz

wietesaewt Short- and mid-term challenges for
the deployment of solar thermal energy (1)

| Bundesminisio

*  Multy family houses (only 3 % use solarthermic)

» few innovative buildings were already realized with a 60-
70% coverage of solar thermal energy for heat supply,
depending on effcient storage technologies

» Large plants for solar energy support for heat grids: 15
pilot projects realised; more cost degression and efficiency
effects needed

» Solar cooling: Market Incentive Programme has currently
only supported 7 solar cooling investments

NG Y- S—TRLE—RIRE 151
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Bundesministerium
fidr Umwelt, Naturschutz

mtesae Short- and mid-term challenges for
the deployment of solar thermal energy (2)

* Process heating and cooling (industrial applications)
* Municipal and public buildings
+ all other non-residential buildings

e The Market Incentive Programme has currently only
supported 337 large plants

* Business plan of the Solarthermic industries to 2010: 30 %
growth p.a.; 10 times higher share of solar thermal energy
in heat supply

%

Bundesministerium
filr Umwelt, Naturschutz
und Reaktorsicherheit

German Solar Thermal Technology
Platform (DSTTP)

e DSTTP: German Solar Thermal Technology Platform - 100 experts from
companies and R&D institutions involved

e long-term vision of DSTTP for 2030: 50% of heat supply can be provided by
solar thermal energy

« 8 working groups have determined five technology areas where further work is
needed in order to reach this target:

* 1) improvement of solar collectors; 2) storage technologies; 3) system
technologies; 4) solar cooling; 5) process heat

» R&D institutions and companies are invited to propose promising R&D
projects
e Internet (in German language)

V—?—I?~kafiumf§i§?z—ih
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a Bundesministenum
filr Umwelt, Naturschutz

mmiessee(zerman-Japanese cooperation
on solar thermal energy ?

* government: exchange on information, experiences and
lessons learnt on promotion measures

* business: ,,joint ventures*??

» research and development: options for joint project can be
explored

 technical issues eg.:
- quality standards
- PVT (combined PV and solar thermal collector)
- heat storage technology

- solar cooling

32 LYo TANE AL
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