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State of the art in Europe

Solar Thermal Market in EU2T and Switzerland (glazed collectors)
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Annual installed capacity of flat plate and
evacuated tube collectors from 2000 to 2011
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IEA Roadmap vision of solar heating and
cooling by sector (EJ/yr)
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Source: IEA Technology Roadmap — Solar Heating & Cooling

Total capacity of glazed flat plate and evacuated tube
collectors in operation in kWth per 1,000 inhabitants by
the end of 2011
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Vision of the sector

Considering the European energy mix in 2005 (reference
year of the “RES Directive”), solar thermal systems will
contribute for a share equivalent to 12% of the total new
renewable energy capacity installed by 2020  to meet the
EU targets”.

Post-2020, the RDP scenario shows contributions of
solar thermal to total European low-temperature heat
demand of 3.6% in 2020, 15% in 2030 and 47% in 2050
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Vision of the sector
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F&E priorities for residential buildings
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Cost of Solar Heat in Europe

Useful heat
from electricity
Useful heat
from natural gas
District heating
Central Europe
Industrial process
heat...
Combi-systems
Central /...
DHW forced
circulation...
DHW
thermosiphon...

EU27 average:
€-cent7.7
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The overall goals by 2020 are to increase the already high system performance by 10% and
to reduce the system costs by 50%. These targets can be achieved by focusing R&D on the
following topics;

The objective of coliector development is the reducton of costs, increase of efliclency

and enhancemeand of reliabiigy. Thes will be achieved Dy ranspanent cover materials with
anli-reSection coalings lor high oplical Iransmisson; swilchable ooalings Mhal reduce the
stagnation temperatures; highly reflactive, kgnt materials for refactors; new absorbar masarials
with low-emissEon coatings and oplimesed heat ransher, smperature-resisiant and sadchabis
super insutaling malenals and alternative medium and hagh lemperature malsrials like palymens
of rubbers for coliecior parts

EMiciency can be increased and costs can be reduced by uriher developmaent 0 pholowoltae-
thermal (PVT) hybrid-collecions, aif collesion and low lemparalure procass heal sollscion
Aleo evacuated fiat plale and fube collechors with high afficiency can regucea costs in Soma
appications.

Finalty, 8 confinued improvemeant in ihe collecion constiuction design and manutacturing
[processes, focusing on mass production of ladored systems and systamatic recyciing of
maberials, will lead 1o hether cost reduction of solar thesmal collectors
Today, Nal plale collecton modules with about 2 5 m? area ane mos! commonly used,
Wilh speciral selactive Bbeorber coalings, they achieve absorbanca values ol B5% limit
infraned emitlance to 10%. Somatimes even cover glass with antinefecton-coating s used.
Wﬂ“nﬂw modules, Since ey are produced in relatvely high
numbers, However, the furiher reduction of costs requires a change in malenials rom expensive
i cheaper matals, 8.g. alumnium not only for ihe absorbar sheat bul Blso for the piping, of poiy-
S in cominination with construction design and coatings and surtaces, which protects
mmwm«wmwwm

5% cosl decreass by 2020 for solar collactons inclusive mounting rack and instalation
A0% Research / 50% Development | 10% Demonstration

The objective is 1o develop solar-based hybirid systems, which provide a full heat supply Tor smai
and maltitamily residential bullngs by comibining me solar Mermal compenents with & backup
neater in cne compact unit including a smart controller. This solution will be parliculary suited Tor

o ihe pretabricated inner part of the hybrid unil. mehnmﬂlbumumd.dhm
frem operation of e hybrid heating und will be achieved. These sysiems will cover al least 30%
of the overall hoeal demand in resdential buldings.

Inncvative syshem concepts and storage tanks will be developed, which will aliow optimat
combination of the heat sourcss. Improved hydraulic designs and components will reduce
lossas and new controllens will manage the haal fiows in an opimal way

Oflen instaliers combine a solar thermal syslem with a backup hedaler waih offen suboptimal
syshem design and hydraulics, a big effort in designing and buiding the sysiem with a ol of
hydraubc connections, and the risk of tailures. Oflan the conlroliers of both haal sowroes are
nol will thie risk (hal hare conirol

A 50°% lowar price lor e ready instalied hull eat supply hybrid units a5 compared 1o the
total invesstment of a solar thesmal system plus a backup heater, which will ba replaced by
the hybnd unit. The systam periormance will be enhanced by 30% by increasing the solar
yiald and reducing system losses.

25% Research / 50% Development / 25% Demonsiration
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| I “Sodar-Active-Houses" at lsast 50% of the heat demand for domestic hot waler and space

| heating wil be covered by solar thermal ensrgy. This requites a large collecion area and a lange
siorape volume. To develop “Solar Ative. Houses' o & Duliding standard K residental bubdings,
costs will ba reduced and fhe system performance increased. New concepts for the inlegration
of the collecior area and siorage volume info the buildng as wedl as for Innovative system
designs will be devedoped

To manage and control the bulding's entire energy syshem, Innovative controliers mus! be
developed, includng weather and load forecast as well as improved perlonmance monfonng
Tencions, Sysiem design and commissionng 1001 will be availabile o alow archilecls and
planners 1o design oplimised ‘Solar-Actve-Houses'

1 | In ceniral Evrope there are aboul 1300 “Solar-Active-Howses” wilh typically 80% to 70%,

| sometimes up to 100% solar rackon. The increase of anergy elficiency in buillings. logether
wilh the use ol passive solas technology is reducing the heat demand in buikiings, making
| it easien 1 increase the solar raction. Neverthaless, furlhes improvements are fsgquired
Achieve cost-effective, standardised technical solutions 1or 'Solar-Active- Housas' Iulliling
the requisement of i least 0% of solar fraction

| 25% Resaarch / 50% Development / 25% Demanstration
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riorities for non residential buildings

F&E p

I » 1 M Renswable
LY Mawe Heating & Cooling www.rhc-platform.org

Euwropean Technology Platferm

21/11/2013



Solar thenmal systems will be ntegrated into the bullding envelops by means of multfunciional
componants. Collectors, slorage and offer components will Decome struciural elemeants Tullling
maltiple functions in the buliding, such as heat genarabion, storage and destribution as well as
static funchon. They will optimise the use of passive and active solar enangy in the buld
generating heal, reguiating the building lemperature, dsinbuling and Sofing B
Some buliding components will become el part of the healing ang

proved aesthelics and integraiion of mullBuncBional compg
of buildings regarding Secunily and mainbenal

Darvelopment of mullifunchiona
8.g. solar collactors as roof a
functicnaities and high Sexibilty,
Dy 2020, Availability of prefabrica
raturbishment of existing b

20% Aesearch { 50% Developmeni
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The main research regarding cooling components will focus on developing technical sokitions
1o make Ihe systems mone sconomacally aftraciive and well performing on a kang-lenm basis
For the tirst criteria, plug and funclion systems will be developed S0 S 1o decrease inatallation
cost. Thess sysiems will require hydraulic conligurations as simple as possible when at the
same fime leading bo very low primary enengy consumplion when coupled with back up
Spacitic bulkding appiications will be identifled 5o as In Maxsmiss the solar energy usabity all
year long as well on cooling as heating (space and DHW). Specific developmenls are expaciad
an he adaplation ol solar system 1o low PAFESIlc coNSUMpHon MIcugN New Neal reEection
concepts and on system architachurs leading o very low cost for operabon and maintenance.
Finaily lots of attort should be devobed to the development of packaged solulions reducing
installabion hassle and ncreasing the level of standardisation of solar cooling syslems,
aither they are small, medium and aven lange capacily.

In 2011 about 750 solar cooling systems were installed workdwioe, including insialatons

with small capacity (less than 20KW)™

Due 1o the large number of system components, Le. cooling equipmant, solar collecions

and heat sirage appliances, which ane nof oplimized yet, fe investment cosis are high and
solar thermal coodng sysiems are not yel cost-compabinee with commntional slecirically-dien
cooling systems.

Overall efficiency {In equivalent power consumpton) of the solar system for heating

and coolng of mone than 10 (GOF) and solar coolng system costs halved by 2020

30 % Research / 40% Development | 30% Demonsiration
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F&E priorities for industrial processes
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Cost of Solar Heat in Europe

EU27

from electricity
T EU27 average:
Useful heat €-cent 7.7

from natural gas

Useful heat | |

District heating
Central Europe

Industrial process
heat...

Combi-systems
Central /...
DHW forced |
circulation...
DHW |
thermosiphon...
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Using satar ihermal collecion n medium and high lemperature (100PC—A00°C) sysiems
imposes consiraints on collactons

App@ad research should resull in the devedopment of new, high temparature-resistant

mabenals, as wedl as new collector dosigns. the loliowing aspecis are particutarty imgortant ©

+ Adapiing and mproving collecior lechnology (at-plate and evacuabed fube) which
ks currenily used in low-temparature applicalions je.g. efiher through better iInsulation
of nobie gas atmospheres), o,

* Developing speciic concenirating collectors wsang kght-weight, stable, highly performing
and dirl-peool o Sefl-cleaning refiecions which are resisiant 1o degradation due o mecharcal
cipaning and weathering

Maoreovet, cost-affectne fiing sysiems are needed fof specific instalation and mainienance

requirements of angs-scale applications

Pilct scdar systems used for industrial process heat are available in Europs. Many systems for
inclustrial neal ane configured b work at highes emparaiures han e process would requine.
Today, arrays of 8al plate coecios constitule the majonty of the installed capacily due to cost,
and reasons. However the use is bmited o low

5% cost reduction on installed collecion with increasad raliabilfy (lower Q&M cosis)

0% Fesearch | S0% Dovelopment ! 40% Demonsiration
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Oplimize large-scale solaf collectol arays for uniform flow disiribuion | Development By 2020
and kow pumglng power
Tmn-key solar thermal prooess heal sysiems Aesearch By 2030
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F&E priorities for district heating and
cooling
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Cost of Solar Heat in Europe

Useful heat
from electricity

Useful heat
from natural gas

District heating
Central Europe

Industrial process

heat...

Combi-systems

Central /...

DHW forced

circulation...

DHW

thermosiphon...

EU27 average:
€-cent7.7
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Developmeni of large-scale collecions and advanced hydraulic concepts, which are especially
designed far huge collecion armrays

and the eleciricity consumplion of pumps and e relaled nclion prassure 055 al all hydrauko
Ievels have [0 be considered

These advanced lange-scale collectors, hydraulic concepts, calculabon and simulation tooks
have to provide unisorm fiow dstribution, reduced pumping power and favourable stagnation
behaniour. Furthermone also cost effectes fing systems ane noeded.

Dhue ko Bheir size and the need o adapl i each specific application, large-scale systems for
solar district heating, Indusirial process heat, agnouliural and wales reatment appications are
tallor-macde. This Implies more complex design, such a5 planning system hydraubcs. State-of-
thia-ar colector Nelds cost around € 285KWIN (€ 200/ m?) when ground mounted and € 360/
KW (& 250/ m®) wihen mounted on Bat rooés. Gumanily, the main challenpe IS bo achiave

a theoretically comect design of a large-scale colecior Nold, as well as modedling pasaliel

CONMECIONS CoMmpiging multipis mydraulic levels (coliecions, 2ones, Qroups).
Cost reduction of 50% comparad o tha Nald cost of stals-of-the-arl collecions.

50 Research / 30% Development / 0% Demonsiration.
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Cptimize large-scale solar eollachor avays for unidoem Row disiibution | Research By 2020
vl low pUMping poser

Advanced solitions for the integrabion of large solar thermal systems | Research By 2000
irl sman thermalielectrical gnds.

500 - 100 000 ra? Very el efbectivm boa? strrage (derronitiation)
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Implementing Roadmaps

1. Solar Active House

2. Solar based compact hybrid heating
systems

3. Solar heat for Industrial Processes
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ROADMAP
Solar Heat for Industrial Processes

Werner Weiss
AEE - Institute for Sustainable Technologies
Gleisdorf, Austria
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Obijectives

The main objective of the SHIP Roadmap is to
reduce significantly the cost of solar heat, to
overcome technical and non-technical barriers and
to contribute to the significantly increased use of
solar heat in industrial processes.

Scope
The scope of the SHIP Roadmap are all industrial

applications with process temperatures up to 250°C
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Technologies

» Flat plate collectors (covered and uncovered)

» Evacuated tube collectors

e CPC collectors

» All kinds of concentrating collectors (parabolic
trough, Linear fresnel...)

I 1B Renewable
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Applications

e Allindustrial processes with temperatures up to
250°C (sectors: food and beverage industry,
textile, metal surface treatment, agro industry;
automotive sector...)

* Integration of the solar thermal system on the
process level

* Integration of the solar thermal system on the
supply level

1B Renewable
LY P Heating & Cooling www.rhc-platform.org

European Techriology Platfcrm
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Size of systems

>500 m? collector area or 350 kW,, (0,35 — 10 MW,

« LM Rencwable
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The specific objectives of the SHIP
Roadmap are:

» Cost optimal solar thermal process heat-systems
(2014 - 2017)

» Development and demonstration of the next
generation of solar thermal process heat-
systems (2017 — 2020)

* About 600 SHIP systems installed in different
climatic zones and for all relevant industrial
applications by 2020

« LM Renewable
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Cost optimal solar thermal process heat-
systems (2014 — 2017)

2014 - 2017

MILESTONES

Applications up to 100°C|
using non-
concentrating collectors|

OBJECTIVES / Milestones System price including
storage and installation
£€350/m*

Solar heat cost:

5 -8 £cent/kWh

I » L M Renewable

LY P Heating & Cooling www.rhc-platform.org

Cast Optimal solar thermal pracess heat-systems
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Demonstration phase 1.:

Cost optimal solar thermal process heat-systems (20 14 — 2017)

Solar heat price:
5 - 8 €cent/kWh for low temperature applications
6 - 9 €cent/kWh for medium temperature applications by 2017

System price reduction to:

€ 350/m2 (low temp. applications)

€ 400/m2 collector area (medium temp.) for systems bigger 1000 m2
(including storage and installation).

These cost optimal solar thermal process heat-systems hav e to be
based on the R&D achievements of FP7 projects and r  esults
obtained in member states in the years 2010 — 2013.
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Demonstration phase 1.:

Cost optimal solar thermal process heat-systems (20 14 — 2017)

Number of Systems to have an impact on the market:
200 systems with a total collector area of 300,000 m2in low temperature
(up to 100°C process temperature) SHIP applications

100 systems with a total collector area of 150,000 m2 using
concentrating collectors have to be installed.

Investment

€ 165 Mill. For all systems

If a subsidy rate of 40% is assumed for the demonstration systems — a
broad demonstration system program would require a total budget of €
66 Mill.

=« 1AM Renewable
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Demonstration phase 1.:

Cost optimal solar thermal process heat-systems (20 14 — 2017)

Accompanying R&D program

An accompanying R&D program for system development
and monitoring would be in the range of additional 22
Million.

Funding
If these programs are split between HORIZON 2020 and the
member states an budget of € 50 Mill would be required
from EU funds for the time period 2014 — 2017 (annual €
12.5 Mill)
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Focused R&D projects

In parallel to the 15t demonstration and market
implementation program focused R&D projects
based on the R&D priorities as outlined in the
Strategic Research Priorities for Solar Thermal
have to be carried out in the timeframe from 2014 —
2017 in order to be able to achieve a further
reduction of the solar heat price and to demonstrate
the next generation solar thermal process heat-
systems in the timeframe from 2018 — 2020.

» L™ Renewable
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Focused R&D projects

Focused R&D projects shall focus on the following topics:

* Next generation medium temperature solar collectors

» Development of self-carrying collector structures for
installation on industrial buildings

» Optimized large-scale solar collector arrays for uniform
flow distribution and low pumping power

» Development of the standardized integration solutions for
all relevant industrial processes.
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Next generation solar thermal process heat-

systems (2018 — 2020)

2018-2020

Applications up to

100°C using non-
concentrating
collectors

| System price including

|storage and installation

i €250/nP

Solar heat cost:

3 -6 €cent/kWwh
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Demonstration phase 2:

Next generation solar thermal process heat-systems (2018 — 2020)

Solar heat price:
3- 6 €cent/kWh for low temperature applications
4 - 7 €cent/kWh for medium temperature applications by 2020

System price reduction to:

€ 250/mz (low temp. applications)

€ 300/mz collector area (medium temp.) for systems bigger 1000 m?
(including storage and installation).

The next generation of solar thermal process heat-syste ms has to
be based on the R&D achievements of HORIZON 2020 pr ojects
which are carried out in the timeframe from 2018 -2 020
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Demonstration phase 2:

Next generation solar thermal process heat-systems (2018 — 2020)

Number of Systems to have an impact on the market:
220 systems with a total collector area of 400,000 m2in low temperature
(up to 100°C process temperature) SHIP applications

120 systems with a total collector area of 360,000 m2 using
concentrating collectors have to be installed.

Investment

€ 228 Mill. For all systems

If a subsidy rate of 40% is assumed for the demonstration systems — a
broad demonstration system program would require a total budget of
€ 91 Mmill.
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Demonstration phase 2:

Next generation solar thermal process heat-systems (2018 — 2020)

Accompanying R&D program

An accompanying R&D program for system development and monitoring

would be in the range of additional 44 Million.

Funding

If these programs are split between HORIZON 2020 and the member
states an budget of € 66 Mill would be required from EU funds for the
time period 2014 — 2017 (annual € 22 Mill)
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Results

¥
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Cost reduction:

Low temperature applications
10 €cent/kWh mmmp 3- 6 €cent/kWh by 2020

15 €cent/kWh mmmp 4 - 7 €cent/kWh by 2020

Demonstration Systems

700 systems
1.2 Mill m?2 = 1.9 GWth installed

» L M Renewable
LY P Heating & Cooling www.rhc-platform.org

European Techriology Platfcrm

Thank you for your Attention

=« LM Fenewable
LY W Heating & Cooling www.rhc-platform.org

European Technology Platfocrm

21/11/2013

25



