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Sﬁ'n Presentation QOutline

Introduction and Background

= Development of Polymeric Materials
= Main Fields of Application and Success Factors

Subtask C: Structure, Partners and Selected Results

= Main Topics and involved Partners

= 3 selected Case Studies on Plastics for:
— Overheating controlled flat-plate collectors
— Drainback flat-plate collectors
— Heat storage liner materials

Summary and Outlook
= Solarthermal Market Development
= Material Demand
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SHC Theimportance of the polymer industry

Development of plastics and steel worldwide (in terms of volume)

billion litre ¢ Plastics
250 l in 1989, passed steel
= production by volume
200 Production worldwide 2007
¢ Plastics:
150 260 Mio t =
260 billion litre
100 o Steel:
1,345 Mio t =
168 billion litre
50 5= i
[

Solarthermal collector additions in 2012: :e
wso | 55,4 GW,, ~ 79 mio. m? ~ 1.6 mio. t material !!!

, D (2008)
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S4HC Plastics - most widely used material class

= Civil & infrastructure
engineering (B&C)

= Medical
technologies

= Tele-
communication

= Automotive
engineering

Lens holder of

BVD Dlaver = Precision ¢
. ° b
engineering & e
mechatronics = Packaging e gﬂ

4
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Young's modulus, E (GPa)

S Plastics - main features and success factors

1000

100

- Patyme:
compostes

= Wide range: -
property/performance Vé

. . LED opti
(tailor-made materials) oPHES

= Elasiomars

0.1 1 10 100 1000 10000
Strength, =, (MPa)

= Multifunctional
integration

= Combination of
process technologies

= Composites &
hybrid materials
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Plastics - Market penetration

4 main prerequisites for
market acceptance:

» improved performance
. (functionality)

Relatlve
Market Penetration

FolvEenc = enhanced cost
materials for .

- packaging effectiveness

- buildings & construction - ran I n
Polymeric - electrics & electronics gua a. .teed quality and
materials for - automotive durability
'""°"|at“’e = attractive/multi-

soiar . .

applications functional design

What needs to be done to accelerate

iInnovation & market penetration?
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SHC Projects of Subtask C on Materials

e

C1 Multi-Functional e Materials for ,,All-polymeric”
Polymeric Materials Collectors
e Materials for System
Components incl. Heat Storages

C2 Processing and Evaluation Extrusion and Injection
of Components Moulding of Components
* Joining techniques

C3 Methods for Testing and e (Quality assurance
Characterization * Aging and durability
characterization
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SHC Partners of Subtask C on Materials

13 Company partners 10 Scientific partners

Austria

. 1a, V4 BOREALIS
Belglum’ SHAFPING the FUTURE with PLASTICS SOLVAY o T
Brasil, “Ssbiu £ MS sy o m

Germany, EMS-GRIVORY !

Netherlands,  -g=== emn
Norway, Ph:lhps ISE § 5%
Portugal, Factoschule Osnabriok
Slovenia,

S| —— N SPF

oA TP U0+ Daprnar P
PN, ("n ; 5 a Ve /(L’\\ /f\ ' So'ar\ E nergy Laboratory
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SHC

Overheating controlled collectors

Thermotropic materials — Requirements and Achievements
(Univ. of Leoben (Austria); Univ. of Minnesota (USA); EMS (Switzerland))

Switching performance of

Key-property requirementl ., mercial impact modified

thermotropic materials:

grades is not appropriate.
= Absorbance: negligible ‘ [}
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SHC Overheating controlled collectors

Absorber materials for overheating protected collectors
(Borealis, Univ. of Linz, AEE INTEC, Univ. of Innsbruck (Austria))

Overheating control by backcooling

System type & service requirements

DiJ = Pressurized system with overheating protection
= service life: 20 years
= region: Graz (Austria)

Key-property requirements for absorber materials

= solar absorption: 93-95%

» thermal stability: >100°C

= |ow temperature capability: -30°C

» |ong-term stability in water/glycol:

— 75-100°C: > 3,500 h (DHW)
> 7,000 h (SH)

— 0-75°C: >150,000 h

pressure: max. 1,5 bar
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SHC Overheating controlled collectors

Development and lifetime estimation for PP absorber materials

(JKU IPMT; AEE INTEC, Austria) 100000 -
o { PP-B2 .
{ Overheating protected —— Graz T L ‘
Jcollector system for DHW —— Athens 10000 + J*
. 104_' (domestic hot water) Pretoria © 3 o
= Lifetime modelling: ongoing
- ] S o
8 100 - Extrapolation by Gugumus approach |-*&" = -4
o 3 . . 5
S « Cumulative damage model (Miner's | .55
qg)_ 10°1 rule) =2 failure time (t;)
] 1 _ 2 [(ti ) ] experimental data PP-B2
1] = t . T.’ O;
1075 / tr — / trot /tr:(Ty, 0) Gugumus (1999) data 0.1% AO-1
' t=1 Gugumus (1999) data 0.05% AO-1

10° . T r T . . I ! T - - *- - predicted data PP-B2
20 0 20 40 60 80 100 1 T T T Y '
bsorber temperature, °C 2.4 2,6 2.8 3.0 3.2
absorber P ’ 10° (1/T), K™
Lifetime, years m Pretoria, RSA Fortaleza, BR Beulng, CHN

PP-B1
PP-B2 32 25 24 15 34
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SHC

Overheating controlled collectors

Development and lifetime estimation for PP absorber materials

(Univ. Linz, Borealis, AEE INTEC (Austria)) 100000 4

1PP-B2

Novel material PP-B2 is now used commercially!

o8,

| data PP-B2
1999) data 0.1% AO-1
999) data 0.05% AO-1

5
10 { Overheating
Jcollector sys
o 104_' (domestic h
E ;
v 1
2L 10%4
5 3
c
o
S 1024
i
10" 1
10° .
-20 0
abs
Lifetime, years
PP-B1
PP-B2
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http://www.magen-ecoenergy.com/

SHC Drainback flat-plate collectors

Requirements for absorber materials in drainback collectors

(Univ. Oslo, Aventa (Norway)) I
' [
System type '
= Jow-pressu [Fei] rsy] L2 ]
o | Pe TS
u SGI’VlCG |Ife high_peﬁormance Dil
Fcs
= region: Os| polymers ILers]
[ Pranr’| l
l- [al[pa12] — [“q0€kg
" PPE | | Pa 610 ] sPs | ~150°C
Key'propertl engineering o I oot | [Pa o766 |
absorber me ~ polymers [pc] -
[ PET | [ Pom | B
= solarabs( -----c-myecmemccoa e e mce e cccmcmceae s
commodity | PP | ~80%c
¢ thermal Stpoymer !
= jong-term
J amorphous l semi-crystalline

— < 80°C. -~ 1uu,uuu i I

= short-tern| High performance plastics required; focus on:
— 80-15¢ « Polyphenylenesulfide (PPS)
= nopressy « Polyphenyleneether (PPO)
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SHC Drainback flat-plate collectors

Processing, testing and lifetime estimation of PPS
(Univ. Oslo, Aventa (Norway), Chevron Philips (Belgium), DS Smith (France), ISE (Germany))

Extrusion

(XE4SOOB L)
Absorber
sheet

Welding

IR - welding

Life time for PPS absorbers

3500

N

3000 \
2500

Blow molding

[

PPS of Endcaps 3 2000 \

Granulates (XE5032 BL, 30%GF) = \

2 1500 N
> Estimated lifetime: ~ 20 years
500 ]

0 |
150 160 170 180 190 200

Temperature (deg. C)
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SHC Drainback flat-plate collectors

Multifunctional coatings for PPS absorbers
(NIC, Color (Slovenia), Univ. Oslo, Aventa (Norway))

Estethic colors

Thickness Insensitive Spectrally Selective
(TISS) paints

| * Spinel pigments
=1 + QOrganic binder

Signai A =inLens Mx Signal = 07824 Chamber = 3 00a.004 Po

EHT= 500KV
l I WD= 4mm  Apertee Sge = 2000um  FleNams » VZE_007 ot
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SHC Heat storage liner materials

Liner materials for seasonal hot water storages
(AGRU, Univ. of Linz (Austria))

Criteria for liner materials:

Example
SUNSTORE4, Marstal, DK (75 000 m3 water)

Floating insulating cover

= Flexibility for easy installation:
— E =600 MPa (at RT)
Polymeric liner — Liner thickness: = 2 mm
= Key requirements:
— Tmax = 95°C
— 4,000 h/a = 65-85°C
— 4,000 h/a = 30-60°C
= Environment:
— Water heat carrier
— Air / water vapor

Dimensions: : : :
— Soil chemistry (minerals
> Volume: 1.000 — 100.000 m3 =elll G )

= Service lifetime: = 30 years

> Demand of liner: 250 — 25.000 m?2

- y
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S}n Heat storage liner materials

Accelerated aging characterization by Specimen Miniaturization
(Univ. of Linz (Austria))

Automized production Aging equipment (air, Aging characterization
of micro-sized specimen water water vapor) and indicators
Mechanics (Tensile Testing):

= Strain at break (gg)

Spect
roscopy:

= Carbonyl index (C.I.)

Thermoanalytical Methods:

= Oxidation onset temperatur

(O0T)
Chromatography:
= Content of stabilizers (esp.

ant|OX|dants)
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SHC Heat storage liner materials

Durability of polyolefin compounds (benchmark vs. novel grades)
(Univ. of Linz, AGRU, APC (Austria))

—D—PP RO—O—PE HD—A—PE RTl
Polyethylene (PE) grades: | e
= Ranking: PE-RT 2 > PE-RT 1 > PE-HD
Water aging more severe than air
aging.

Novel polypropylene (PP) exhibit a
better durability.

Lifetime estimation 3
= No embnt“ement for a” gr News > Latest News = Higch Temperature Resis tant Pr‘m-ﬂt‘ ane

hot dwa, .. _ @ F‘U
Sé@‘;ﬂ‘;ﬁ'jea‘r’sf"a” e High Temperature Resistant Geomembrane ,Hg

07.01.2014 LINING SYSTEMS - General - Research "1 t

—> Continuation of expe

AGRU for many years has supplied PE pipes for hot water
applications. With this vast knowledge and experience AGRU
developed the first high temperature resistant (HTR) PE

Spin-off:

geomembrane in the marketplace. it lcoks, feels and welds like every

[ — —— ' . 2 3 other HD-PE geomembrane. Additionally it offers an outstanding
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SHC Summary and Outlook

Global Solar Thermal Heat based on 100% Renewable Energy Scenarios

(1) To keep up with the ambitious 100% scenarios, and

(2) to strengthen (or even maintain) its position as a main component in a future solar
technology mix,

the solar-thermal industry needs a strong innovation push by enhanced R&D efforts.

()
= 8,000 -
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Source: K. Holzhaider (2014)
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SHC Summary and Outlook

(1) To keep up with the ambitious 100% scenarios, and

(2) to strengthen (or even maintain) its position as a main component in a future solar
technology mix,

the solar-thermal industry needs a strong innovation push by enhanced R&D efforts.

(3) Apart from significant polymer-induced innovations, there is no other single
innovation driver in sight to achieve the more ambitious scenarios.
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SHC Summary and Outlook

Global Cumulative Material Demand for Polymer Based Solar Thermal Systems

million t

600 M Polymers

500

® Mineral Wool

400

M Glass
300

M Stainless Steel

200
Copper

100
B Aluminium

0 et
2010 2020 2030 2040 2050

(1) Low temperature heat supply is currently based on fossil (carbon) fuels.

(2) To achieve 100% renewable energy scenarios an average annual plastics demand of
8.2 million t/a would be needed.

— Highly attractive market perspective for the oil/gas and plastics industry.

Polymeric Materials for Solar Thermal Applications — Final Presentation 10/2014 O’OJ- I As K3 9



