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research for sustainable technology

IS founded by basic law in Germany

“Mindful also of its responsibility toward future
generations, the state shall protect the natural
foundations of life and animals by legislation and,
In accordance with law and justice, by executive
and judicial action, all within the framework of the
constitutional order.”

German Basic Law, Article 20a
since 2002
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Germany Renewable Energy Sources Act (EEG) since 2000
mission by the German Federal Ministry for the Environment

EEG = Erneuerbare-Energien-Gesetz Source: DLR
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Renewable Energy Sources Act (EEG)

short facts « 20.3 % of electricity,
11.0 % of heat and
5.5 % of fuel is generated from renewable energy (RE)
sources in 2011, reducing Germany’s energy imports.

e cut of 0.13 billion metric tons of CO, emissions only
during 2010.

» renewable energy industry employs (2011) 350,000
people in Germany.

» Germany hosts several world market leaders in RE
technology and Germany is today among the
world’s three major renewable energy economies.

 EEG serves as an archetype of similar legislation in
other countries.

sources:
:&Im Federal Ministry BMU
L German Energy Agency DENA

Renewable Energy Network 21, 2011




renewable energy share

evolution

- Bundesministerium
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renewable energy share 2010-2011

energy mix

Renewable energy shares of total final energy consumption
in Germany 2011 /2010

electricity: 2

- B Hydropower [Wind energy
WI nd ener B Biomass Photovoltaics
gy 20 5- . 3 ' . .......... [ Solar thermal energy O Geothermal energy /

ambient heat
[ Biogenic fuels

> biomass
e = | e A ﬁ Bundesministerium
| | . S e e fiir Umwelt, Naturschutz
> PV 15 15 . - B el und Reaktorsicherheit

> hydro

heat: = , == == e
biomass B3 B H
0 . T - ST

> geOthermal 2010 (17.1 %) 2011 (20.3 %) 2010 (10.7 %) 2011 (11.0 %) 2010 (5.8 %) 2011 (5.5 %)
Electricity *
> solarthermal

Share in [%]

Heat * Biogenic fuels

* Biomass: solid and liquid biomass, biogas, sewage and landfill gas, biogenic fraction of waste; electricity from geothermal energy not presented due to negligible quantities produced, deviations inthe
totals are due torounding; Source: BMU-KI 1l 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat), image: BMU / Dieter Bshme; as at: July 2012; all figures provisional
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transformation of the energy system

“Energiewende”

recent issues

nuclear power phase-out after Fukushima nuclear disaster,
May 2011 Germany has permanently shut down 8 of

its reactors and pledged to close: 1 in
2015, 1in 2017, 1in 2019, 3in 2021 and
the rest (3) by 2022.

Status of nuclear power globally

—_—

nuclear power proponents

I Operating reactors, building new reactor
[ Operating reactors, planning new build
I No reactors, building new reactors

7 No reactors, new in planning

undetermined
Operating reactors, stable
" No reactors

1 e ar nuclear power oponents
N . ' M Operating reactors, decided on phase-out
Il Civil nuclear power is illegal

sources:

Ichabod Paleogene, Krzysztof Kori
WH Creative Commons



transformation of the energy system

‘Energiewende”

recent issues

nuclear power phase-out after Fukushima nuclear disaster,

May 2011 Germany has permanently shut down 8 of
its reactors and pledged to close: 1 in
2015, 1in 2017, 1 in 2019, 3in 2021 and
the rest (3) by 2022.

PV-amendment after PV prize crash (towards grid parity),

April 2012 Germany reduced FIT for new installed facilities
by ca. 40-45 %
from 28.7 (2011) to 17.0 (2013) c/kWh (< 10kW)
from 21.6 (2011) to 11.8 (2013) c/kWh (> 1 MW)

60
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PV industry crisis
2011-2012

» worldwide overproduction.

» Germany had a production capacity
of 3 GW/a. China alone has a
production capacity of 30 GW/a

 dramatic fall in production costs.

* solar panels are becoming a
commodity, and their production
migrates to low cost countries,
emerging countries for the most part.

» China offered huge credit lines with
very low interest rates.

» market shakeout.

» most German producers went out of

market (40,000 — 100,000 employees).

sources:

E. Weber (ISE), ParisTech Review, April 13th, 2012
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transformation of the energy system

“Energiewende”

recent issues

K

nuclear power phase-out
May 2011

PV-amendment
April 2012

third act revision (EEG)
August 2012

after Fukushima nuclear disaster,
Germany has permanently shut down 8 of
its reactors and pledged to close: 1 in
2015, 1in 2017, 1 in 2019, 3in 2021 and
the rest (3) by 2022.

after PV prize crash (towards grid parity),
Germany reduced FIT for new installed facilities
by ca. 40-45 %

from 28.7 (2011) to 17.0 (2013) c/kWh (< 10kW)
from 21.6 (2011) to 11.8 (2013) c/kWh (> 1 MW)

after Arab spring,

Germany aims to speed up the expansion of
offshore wind farms and north-bond fast grid
system.



Renewable Energy Sources
- hydroelectric resource 0.5 TW
- from all tides & ocean currents 2 TW
- geothermal integrated over all the land area 12

TW
total solar irradiance - globally extractable wind power 2-4 TW
1.366 kw/m? - solar energy striking the earth 120,000 TW !!!
. § W

150 CS P .,

potential ele tnmtx,. =7
“(GWh km?2 a- 1) =

250

Land area theoretically required by CSP to supply the total expected world
electricity demand in the year 2030 according to the IEA World Energy Outlook

300 source: Concentrating solar Pigaser, B™U, 2003

concentrated solar power (CSP) . I
in the EU-MENA : : I
potential 1700 TW

m MENA = Middle East North Africa




DESERTEC Concept

DESERTEC-EUMENA

B concentrating [

g‘: Solar Pawer E RYCE

E-_ Photovoltaics n Biomass
Wind E ‘Geathermal

et

CSP in EU-MENA

» founded in 2009

* harvesting sustainable power (CSP)
from MENA desert regions.

C5P collector areas
for electricity

. Warkl 2005

W eves 200

W MENA 2005

» Using energy in EU via low-loss
high-voltage direct current transmission
(10-15% transmission losses between _. B e
the desert regions and Europe). B B B 2 12

Obstacles b —Tunisi Lebardn

West Bank—s| e

k

» Central plants and transmission lines W
target for terror attacks.

Saudi Arabia

Mauritania

* lack of long-term policital stability in
MENA region (Arab Spring since 2010).

—_Dijiboiti

I Government overthrown [l Civil war [l Sustained civil disorder and governmental changes [l Protests and governmental changes
- WMajor protests Minor protests - Related crises outside the Arab world



off-grid living

pin-and-run modules

The United Nations:

2 billion people across the globe live without electricity.

Off-grid electricity using cheap solar panels and high-efficiency LED
lights is the most realistic option for many areas

Living Without Electricity

One in five people on the planet live withoul electricity, generally
because they are not connected to a grid. Poverty and politics both
can influence the way countries shape their grid infrastructure.

MEPAL B8 ——— — BANGLADESH 89
AFGHAMISTAN 86 .
v’ ;
HAIT! 82 ;
I $.
¥
KEMYA BS =
RGANDA 98 &
CAMBODIA TE
SOUTH AFRICA 28
Parcentage of population
without access 1o alectricity
Eource: Urited Nations Modata 0O 25 .50 75

Development Pragram — | THEE MEN YORRK TIMES



provide access to clean water

off-grid solar applications

The United Nations:

1.1 billion people live without access to clean water.
That's about one in six people in the world.

Desalination

Solar Stllls

Access toan Improved water source
I % of total population (in 2004)

- mora than 35 %
| satessw

World average
1. Azcerding 1o the definilian of UNIGEF and WHO: pized

water into cweling, Public iop/standpipe, Tubwolborehols, 65 te 83 %
Frotectad dug wall, Prolscted spring, Raimeator collacion
s oo B Ot
mw :?mmﬂmmmmmnﬁmm | Wodata




Glasses in energy applications

hydropower (?)
win
glas

Renewable energy shares of total finaNenergy consumption
in Germany 2011

Bundesministerium
filr Umwelt, Naturschutz
und Reaktorsicherheit

L

Total: 8,692 PJ"

fossil Power (?)
heat exchangers
(enamels)

seals & flow distributers
(glass-ceramics)

0.8 %

1/8

RES-share 2011:
12.5%

Other energy resources
(e.g. hard coal, lignite,
mineral oils, natural gas)
and nuclear energy:
87.5 %

1) Source: Working Group on Energy Balances e V. (AGEBY); 2) Solid and liquid biomass, biogas, sewage and landfill gas, biogenic share of waste, biofuels;

RES: Renewable Energy Sources; deviations in the totals are due to rounding; 1 PJ = 10" Joule; as at: July 2012; all figures provisional

lack of glass applications in
several key sectors !

hotovoltaics:

Solar thermal and
geothermal energy:

Source: BMU-KI 11l 1 based on Working Group on Renewable Energy-Statistics (AGEE-Stat) and Centre for Solar Energy and Hydrogen Research Baden-Warttemberg (ZSW), acc

d energy
s fibre composites

PV

cover glasses
substrates
superstrates

biomass (?)
tanks
(enamels)

ording to Al .

solar thermal
cover glasses, tubes,
concentrators,

mirror substrates



coal power plant

rotary air-gas and gas-gas heat
exchangers

Ferro
Techniek

air-gas exchangers
heating up air for combustion

gas-gas exchangers thick film coating: enamel
heating up flue gas after DeSOX and exchanger area =~ 5-20 soccer fields
before DeNO,



Glassy thick films for fossil power applications

enamelled plates

Elements for gas-gas heaters
have enamel coatings of:

* NO Open porosity,

high acid resistance,

edge coverage,

small thickness tolerance to permit high
element packing pressure, and

complex profiles to induce turbulence.




Segmented panels for silos [ > eSO
up to 7000 m3 i |

to treat:
biogas digesters
sludge

have enamel coatings of:

* NO Open pPorosity,
* high acid resistance (inside)
* high resistance to atmospheric and UV

corrosion (outside)
e easy cleanability



Glasses for solar bio-fuel generation

principles

transparent glass reactors
vessels and pipes

University Leiden, Solar fuels

biochemistry of solar powered H, The Netherlands, 2007
generation

Oxygenic Photosynthesis

Carbolydratos Priosphoglyco g,

(Glucose, sucrose,
h L
chigon” e

Lare RS

‘!}

University Leiden, Solar fuels
The Netherlands, 2007




Chlamydomonas reinhardtii
(the green yeast)

» 1.6-2% PCE into H,

¥ 5% medium term goal
» Fuel cell, purity (>98%)
» 14 days

» Expected costs € 10/m?2

500 km pipeline
approx. 2000 m?
130 t algae p.a.

http-/fwww.ssnmr.leidenuniv.nl/content_docs/cleansolarfuels_pdf




cost reduction
solar cell

2\/ driving factors

Production issues:

Glass performance;

- raw materials glass costs I :

- tank Operation ) 0 - Solar transmittance
_forming 20 40/0 - Coatability

- cooling - robustness_

- Storage - Weatherabllty

Transmittance = 100 % — (Reflectance + Absorbance)

1+n

/4

solar glass = AR-coated + lowiron + thin glass

(1—njz _ d
R=| — a=&EXCX




Front glass

Reflection
0
N
52

- —— — IR0 R, ... ...
...Absorption ™ 90 %p 9%
g
Status: E
d~3mm L

floated, rolled (patterned) 8%
soda-lime-silica glass

toughened (thermal) 7% | ' | | | ' '
300 400 500 600 700 800 900 1000 1100
Fe <100 ppmw Wavelength (nm)
AR-coated
R&D:

iImprove failure resistance
- thinner glass

iImprove flat glass processing
- integration of coating (TCO, AR, ion strengthening
and alkali-barrier coatings) into production (infon—line)

aa‘u*w



solar cover gl

soda-lime-silica ]
(PV, domestic wate o ] composition
by LA-ICP-MS
3§ E ]
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minor components and

traces (iron conc.)

total iron by
LA-ICP-MS

total Fe as FeO in ppm (W/w)

Fe =100 ppm (w/w)

oL.. .
0.1

02 03 04

FeO + SO, (W%)

05



Iron speciation and redox

ferrous iron(ll) by
NIR-Photospectrometry

using e =53.8 | molt cm?
Ades (1990), Traverse (1992)

0.09 -
[Fe2+] :NIR — )
LA-ICP-MS_ JO
] [Fetotal] .
0.07 |
0-25 T T T T T T T T T § :
3
- 0.20- 1 & 0.06
2 . . %
§ o015 | ®o0s
= l® (5}
ff; 0.104 @& ge o @ s 0.04
3 005 920 & ——————
g 0% < 4 500 1000 1500
wavelength (nm)

00 1 L 1 L 1 L 1 L 1 L
015 020 025 030 035 040
SO3 (Wt%)




 integrating sphere
* 300 <A >2500 Nnm
e normalized by AM 1.5 /

2.5 J
[T,.(2)-8, -da
0.3

I
3
0 1é)
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o
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solar transmittance vs. iron conc.

/ \
/ I w— T T
solar transmittance e \ I
independentof —— | | &2 |
. . o 40- (17 I -
floating/rolling S |
. 18 \
process S e~ e.
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= 3 RN
E \\.—, N
o 88- R ]
g N
5 87- "0 -
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e 0 200 400 600
7

total iron ppm (w/w)
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Near surface chemistry (depth profiling)

by
Secondary Neutral Mass Spectrometry (SNMS)
INA-X, Specs-Germany

Slalﬁ,mdar

elektronen-

uamaﬂachar — J ZI:I::::
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Quadropol-

massan- \# '}

filter
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solar glass surface chemistry (float)

as recieved

o— B . surface concentration
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crack initation on sharp loading

O =0

Yoshida et al.2004: 0.625 ———T1—
crack formation # radial cracks ol @ 0?;6@ , ]
probability = % Pt : S -
# corners < P i i
g @ o~
> 0375 | @ @ ’ -
% a . /,'I//// @ ,'/
. 8 //"I/ ,'/
crack formation: 5020 P il
. [ , /ll
bath > air = L
crack initiation load: x
air > bath s @ oo |
(&) i
0.000 |- e 500mN |
1 L | L | L | L |

:H‘HE 0000 0125 0250 0375 0500 0.625
e crack formation probability (air side)




surfaces alteration (float glass) source: Al

Nr. 15837 BG
storage conditions

1]
o
[&]
=y
]
c
Q
£
© | : = = -
Z 2500 —— freshly produced .
: —— 8 months open stack + separation powder
— 2 months open + 6 months closed u« TR :
_| — 1 month open + 7 months closed Open - paCkmg'free
2000 - “closed” = packed
0 200 400 600 800 1000 1200
sputtertime/s  gpytter rate ca. 0.2 nm/'s
after 12 months open
air side

alterations
e , air side > bath side
s T 210086 i 105 g
T s closed > open
bath side
. pH uncontrolled > pH controlled

: TR g
- T BEE

0

i

Le I.!
A § s e " I e,
“HH’H rms T 1 B 0,28 nm -a-10% dan e TH 2B 015 nm +1 0% s

PMMA PMMA + acid buffer



1-3 ,fresh“ surface

=

ideal glatie frische
Oberfliche

washable

0

homogene Gelschicht

1
slight changes

- Peaks ohne 1. dunkle Flecken

definierte Form

crystals crystals
yal’d-fl’ee 2. kristaline Peaks 3. nadelfarmige + diffusion yard
Kristalite
5
bumps 6
b dendrites
dumps
5. ,Beulen”, eingetrocknete aufgeldste 6. dendritische
ot Beylep Kristalle
7 e —
,,,,,, o ——— 4-7
holes

cracks, clouds

7. Locher 7. groBe Kristalle 7. Schichten, eingetrocknete,
Wuw‘ qerissene Gelschicht
air side air side
fresh after 15 months open

rms = 0,20 nm

(1x1 pm?)

non-washable

air side, after 15 years open

Gb}s =0,30 nD N
(zwischen den Krisi

0,5x0%

40 nm

20n

y. 4

Nr. 15837 BG

source.

classification of

surficial alterations
(storage)

by E. Radlein (TU limenau)

irrreversible alterations
= non-washable

type 4
crystals
+ diffusion yard

gelagert
100 um

gereinigt
100 um

gelagert

gereinigt



AR coating market

competitive ==
technologies

sol-gel
Improvements
process vacuum, acids, high
limitations multiple process temperature
solid silica deposition control cure
particles

open porosity

. AR coated cover glass for c-Si PV
300 100
270 90
— 240 80
E 210 0 <
core-shell particles T 1 60 ’";
(hollow sphere) ~ 150 50 S
internal porosity 5 i
2 120 40 B
%] =
. . . .. . =1 [sTg) a0 g
00000 K "
60 20 &
a
Glass substrate 30 O 10
DSM ARC (KhepriCoat®) 0 0 OD
2008 2009 2010 2011 2012 2013 2014 2015 DSM,
mm Patterned Float < AR penetration cSi




AR coating tests

Mechanical Durability | Environmental Durability

Coating Standard Test Coating Standard
Robustness Resistance to:

Adhesion ASTM D3359 Crosshatch Damp Heat IEC 61215
Tape Test
Abrasion EN 1096-2 Felt Rub Test UV Exposure IEC 61215
Resistance
ISO 9211-3 Blown Dust Thermal Cycling IEC 61215
reliabil Ity an d Humidity Freeze  IEC 61215
durability tests Acid Rain EN 1096-2
Condensation EN 1096-2
Salt Mist ISO 9211-3
QOutdoor exposure -
(IWI and rooftop)

K



Durability:

Long-term performance through unigue closed pore

nanostructure.

The advantage of the closed and smooth surface is the sharply
reduced risk of hydrolysis -that means no water molecule

penetration into the surface.

Intelm

corporationr

test are made to be passed ...

Average solar transmittance (%)

20 T T
0 1000 2000

Proven durability in the laboratory and in-situ on life-sized modules:

Test

Abrasion resistance (EN 1096-2)
Immersion test

Immersion test saline

Immersion test

Vapor test

Damp-heat test (IEC 61215)
Thermal cycling test (IEC 61215)
Humidity-freeze test (IEC 61215)

AGC

Description

Felt rubbing

Immersion in 859C water for 100 hours

Immersion in 350C salt solution (50 g NaCl per liter) for 100 hours
Acid immersion in 350C acid solution (0,1 M HZSO“) for 100 hours
Exposure to water vapor

Exposure to 850C, 85% humidity for 1000 hours

200 cycles from -409C to 850C

10 cycles from 859C, 85% humidity to -400C

f | solar

3000 4000

AT [%]

- 0,33 %
+0,22%
+ 0,05 %
+ 0,05 %
-0,21%
- 0,53 %
- 0,12 %
- 0,50 %

500 h 85% RH, 85°C

SPARC COATING

SOLAR PLUS ANTI-REFLECTIVE COATING (SPARCH

DURABILITY TESTS*

Damped heat Passed IEC 61215
Thermal cycle Passed IEC 61215
Climatic 502 Passed EN1096-2 (DIN 50018)
Salt spray Passed EN1096-2 (DIN 50021)
Mechanical resistance Passed EN 1096-2

CENTROSOLAR GLAS

Our antireflective glass CENTROSOL HIiT has undergone a number of qualification tests
to determine its utility and resistance to ageing under realistic conditions.

Damp heat steady state test of AR glasses in conformity with IEC 61215
Constant 85°C, 85% rh, 1,000 hours

Damp heat steady state test of AR PV modules acc. to IEC 61215

Constant 85°C, 85% rh, 1,000 hours

Condensation water climate test of AR glasses acc. to DIN 50017 / EN 1096-2
Constant 40°C, 100% rh, 480 hours

Condensation water climate test in a saturated Sulfur dioxide atmosphere of AR
glasses acc. to DIN 50018 / EN 1096-2

Cycles: 40°C, 100 rh, 8 hours + 18-28°C, 75% rh, 16 hours, 5 ppm S0s, 23 cycles
Thermal cycling testing of AR glasses in conformity with IEC 1215

Cycles: —18°C/-80°C, 56 cycles

Thermal cycling testing of AR PV modules acc. to IEC 1215

Cycles: -40°C/+85°C, 200 cycles

Salt spray test of AR glasses acc. DIN 50021

Qutdoor exposure tests at ISE Freiburg as part of IEA Task 27 (testing of different
materials)

Outdoor exposure tests, exposure racks in Flirth, Furth, Gernsheim, Freiburg
Hail impact testing of AR glasses acc. to IEC 1215

Frost test

-20°C, 8 weeks, with ice formation

Boiling test

10 min. boiling in demineralized water at 100°C

Abrasion test acc. to EN 1096-2 (Crockmeter Test)

Mechanical rubbing with felt fingers, weight 400 g, 1,000 cycles



heat-damp test
effect of “storage history“ on coating

with single porous SiO, layer (sol-gel)

* Own measurements showed that float
glasses with increased “storage history”
had problems to withstand heat-damp test
on the air-side but were intact on bath-
side with crystals (washable).

 Borosilicate glass tubes

showed only slight changes with “storage
history* on heat-damp testing. AR-coat
intact on both sides

100 pm

196 h 85% RH, 85 °C 196 h 85% RH, 85 °C

coatability depend on
degree of surface alteration (“storage history”)
- minimize storage

-> seal fresh surface
ultra-thin cabon coating - Lee, Rajagopalan & Pantano, 356 JNCS (2010) 236

source: NF

Nr. 15837 BG




... at least monitor quality

glass corrosion sensors

* Application:
sensor plate at glass stack monitors
environmetal condition by colour changes
and gives references for the coatability

= freshly puand

\ s

source: patent application
DE 102009050714 A1

Innovation

detection of glass corrosion by sensor plates

» glass segments with different corrosion sensibility

» pH-indicators of different transition ranges.

Benefits

» Recognizing of corrosive environmental influences to the
glass during transport and storage.

» Sorting-out of damaged glass to assure quality previously.

» Economical advantages due to avoiding consequential
losses and complaints.



biofouling
AR coatings for PV, domestic water heating

Alterations of nanoporo_us AR coz_mngs microbe fouling
due to aggregates of microorganisms on porous silica AR coat

. . g after outdoor exposure tests
and formation of biofilms 4 months (ESEM images)

adding of biocides
- Ag, Pd, Cu, .... (hano particles)

adding of antimicrobial activity
- increasing hydrophobicity
—> photocatalytic oxidation (PCO)




solar photocatalysis

potentials

photocatalytic photoinduced
oxidation hv > AE, hydrophilicity

o 221

water purification

anti -bacterial

Eleciron =,

easy-to-clean
Pilkington Glass (ActivTM)
St-Gobain (BiocleanTM)
PPG (SunCleanTM)

~ / Orgamic ™

\

air purification .~

volatile organic compounds (VOC)

urban pollutants (NO,) /

solar fuel

hydrogen generation

— anti-fog
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AR-coat with PCO
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AR-coat with PCO

v sols of core-shell
HT-stability

nano-particles

P O Non-stabilized TiO,
I @ Stabilized TiO,
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particle growth is retarded



glasses for solar energy conversion systems
geometric concentration factor C

tower - C > 1000

ilica

P, dmtic water,
photocatalytic > C=1
0 2 4 6 8 10 ‘L.

CTE (ppm/K)

borosilicate




AR coatings for trough receiver tubes

borosilicate glasses

connected receiver tubes
each 4 m length

operating temperature ca. 400°C

source:
Flabeg,
Glas und Solar, Otti 2012




AR coating

on borosilicate glass tubes

minimizing alterations due to

mec h an | Cal | m pacts Nanoporous Slllca-rICh layer
I Nes = 1.33, porosity: 37 %,

goal. 100 thickness: 110 nm

higlhy adhesive | ' ' |

long-term abrasion resistant ARC
05 -

was achieved inter alia by

chemical modifcations uncoated

S
)
S 90 ]
g
10000 ¢ . . ‘ . s 2
f s 2 85t
1000 | | P
| ] 80
100 | ‘(jseﬁtl\r/‘lg)mf”es Schott PTR™70
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200 400 600 800 1000
" 0 200 400 600 800 1000 Wavelength (nm)
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Accelerated aging tests 70 k3ol
projection of lifetime performance

Minimum aging | Aging temperature
time [h] [F'C]
18 kW DNI (max) 1050 510
igt):as(:je"s:%.1 kw reflection flection 643 525
\/ / fosses 07 kW 05365 0.85 KW 205 550
vacuum a3 590
absorber 4 m x 70 mm@& 16 660
2 6 700
bas hoat losses D6 kW - 1.4 KW (300400 °C) 2 730
| upto 34 kw

calculated acceleration factors vs. accelerated aging @ SI0°C for operative temperature of 499°C

aging test temperature o75- 1 :::ELT;_‘:;;;?E“""C _ . L 10
for different aging mechanisms, i.e. _ J".L_\ : H 4 5
activation energies, o70d | '"~-~m]_j_q‘ '/ | ] “‘“-x_] -9
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Overall aging time [h]
1 } | . ° - i :
{0 80 300 230 too 230 100 Length of test necessary for 550 *C working temperature during 25 years:

temparaturs ["C) ® ~ 1000 days at 590 °C

=~ 170 days at 660 °C (maximum test temnerature)
source: M. Arntzen

in : Glas und Solar, Otti 2012
Dr. Markus Amizen SCHOTT Solar CSP GmbH

@ SCHOTT Solar CSP GmbH




Thermal alterations of AR
on silica glass windows for volume pressure receivers

Solar tower research facility
Plata Forma Solar Almeria, Spain

= _""1
v ar

1m?
receiver
window
silica glass

receiver
1000 °C
hot air



AR coated transparent

thermal calculations
cover glass 4% efficiency gain

ARTRANS 2007-2009 (DLR)

window design
(stacked tube segments)

Absorberrohre Wéf“'e'd\c‘imrIIung)’Gehéuse

Y :
L | coating
Sammir Voroor_£1 | SiO, containing porous layer
= (1.2mx1.2m)
y : \
SERCE R e o : Instittj.tl;‘UF'!rTechnischeThermodynamik assembllng and teSt run
(2010)

silica glass window

loss of energy in
the receiver by
> thermal insulatio

» convection
Antireflective

> radiation coating for
compensation of
reflective losses




Thermal alterations of
AR coating

on silica glass windows for
volume pressure receivers

elsch et al., Solar Energy Mat. Solar Cells 94 (2010) 2191 _
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» solar transmittance as a quantitative measure
of the densification process

e viscosity based mechanism of densification
in agreement with 3D-shrinkage of porous SiO2 soots &
powder compacts (Scherer 1976, Sacks & Tseng 1984)
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Soltrac Il — alliance (DLR, Heraeus, Abengoa ,TUC)

2012-2014

Soltrec - high temperature pressurized volumetric air receiver

& 1200mm * Raise receiver outlet
2300w temperature up to 1000°C for

absorbar / vessel . .
L air receivers
High receiver efficiency
Low pressure drop
Highly modular and scalable to
any power plant size
Commercialization

SOUrce: Roman Korzynietz*, Reiner Buck®. Ralf Uhlig®

*Abengoa Solar NT, Rambla del Obispe Orberg 11, 1° planta, 04001 Almeria, Spain
1 Deutsches Zentrum fir Luft- und Raumfahrt e ., Pfaffenwaldring 38-40, 70569 Stuttgart

14. Kélner Sonnenkolloquium

thermal alterations of AR coated and uncoated

silica window (TUC) “Arizona*
»dust

Be e iy

. Arizona dust 1200°C 30 min
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