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research for sustainable technology

Is founded by basic law in Germany

K

“Mindful also of its responsibility toward future
generations, the state shall protect the natural
foundations of life and animals by legislation ana,
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




Germany Renewable Energy Sources Act (EEG) since 2000
mission by the German Federal Ministry for the Environment

EEG = Erneuerbare-Energien-Gesetz Source: DLR

subsidies by feed-in tariffs
(FIT) Electricity Generation (TWh/year)

Import Solar

every kWh that is generated
from renewable energy
facilities receives a fixed 500

feed-in tariff (c/kWh) for 20 ~
years. 200 <
hydro 7.7 -
wind 6.2-9.0 300
biomass 8.7-10.2 S~
solar 50.6 200 =
~ .

degression 1-1.5%/ a 100
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energy share in 2050




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.

» 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:
H‘Hﬁ Federal Ministry BMU
MLl German Energy Agency DENA

Renewable Energy Network 21, 2011




renewable energy share

evolution

K

Share in [%]

fiir Umwelt, Naturschutz
und Reaktarsicharheit

Renewable energy sources and their share of the energy #|::::
supply in Germany

minimum 35.0 " 02002 (2004 ©@2006 (12007 @32008

12009 2010 (12011 Targets: 02020

15 [

10 [

Share of RESin total gross ~ Share of RES in total
electricity consumption energy consumption for

Share of RES in fuel Share of RES in total final
consumption for road traffic ~ energy consumption

heat in transport sector (2) (electricity, heat, fuels)

Share of RES in total
primary energy
consumption (3)

1) Sources: Targets of the German Government, Renewable Energy Sources Act (EEG); Renewable Energy Sources Heat Act (EEWarmeG), EU-Directive 2009/28/EC;

2) Total consumption of engine fuels, exduding 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 11l 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat), image: BMU / Brigitte Hiss; as at: July 2012; all figures provisional




renewable energy share 2010-2011

energy mix

K

electricity:

wind energy
> biomass
> PV

> hydro

heat:

biomass
> geothermal
> solarthermal

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

25
| B Hydropower [ Wind energy
HEBiomass Photovoltaics
20 | L = A L PR [DSolar thermal energy O Geothermal energy /

ambient heat
- [1Biogenic fuels

@ Bundesministerium
fiir Umwelt, Naturschutz

- ——— ] i R — ; _
; - B T und Reaktorsicherheit

10

Share in [%]

2010 (17.1 %) 2011 (20.3 %) 2010 (10.7 %) 2011 (11.0 %) 2010 (5.8 %) 2011 (5.5 %)

Electricity * Heat * Biogenic fuels

* Biomass. sulid and liguid bivmass, biogas, sewage and landril gas, biogenic aclion of wasle, elechicily om geolhermal eneigy nol presenled due Lo negligible quantilies produced, devialions in the
totals are due to rounding; Source: BMU-KI 1l 1 according to Vorking Group on Renewable Energy-Statistics (AGEE-5tat) image: BMU / Dieter Bohme; as at: July 2012 all figures provisionel




transformation of the energy system

“Energiewende”

recent issues

nuclear power phase-out
May 2011

Status of nuclear power gIobaIIy

sources.:
Ichabod Paleogene, Krzysztof Kori
Creative Commons

after Fukushima nuclear disaster,
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.

nuclear power proponents

Il 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

nuclear power oponents
I Operating reactors, decided on phase-out
Il Civil nuclear power is illegal



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, 3 in 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)
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PV indust ry Crisis Shares per region for 2010 (2009)

South Korea )
201 1 '201 2 &ﬂ’ﬁﬁ. Africa & Middle East )
Rest of Europe L7 W 018

» worldwide overproduction.

(784.5 MW/ 6.3%) Mo
- Germany had a production capacity P P
' (628.6 MW /5%)
of 3 GW/a. Chma_ alone has a s
production capacity of 30 GW/a (a5 200
e
. . N 1,924.4 MW [ 15.4%)
 dramatic fall in production costs.
003 MW 1276l PHOTON International

« solar panels are becoming a

commodity, and their production Module prizes in Germany
emerging countries for the most part. L R
: - : 2.0 3«,\’""\;.‘,_ 777777777777777 c-Si Germany
« China offered huge credit lines with W eee | Mmenn, c-gi Japan
very low interest rates. o 1.5 v e ttrse fead 2T L
= i booiee X Poe “TEy c-Bi China
_ i L4 4 .: :‘vo\.\.\ A\ll.
- market shakeout. w10p TR, -.:4‘
I "zx ;;i.'QU"*_ CdS/CdT
1 e 445 A i e
» most German producers went out of [ ™ asi
market (40,000 — 100,000 employees). 0.0 b L L LT L

-42 -36 -30 -24 18 -12 6 O

sources: months past

. . . (sm) sologico
E. Weber (ISE), ParisTech Review, April 13th, 2012



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
2015,11in 2017, 1in 2019, 3 in 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
- hydroelecitric resource 0.5 TW
- from all tides & ocean currents 2 TW
- geothermal integrated over all the land area 12

TW
lotal solar irradiance - globally extractable wind power 2-4 TW
1.366 kW/m? - solar energy striking the earth 120,000 TW !!!

L R

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

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

m MENA = Middle East North Africa




source: DESERTEC Fogiffation

DESERTEC Concept e IR

CSP in EU-MENA s il

‘- = | Photovoltaics iomass

Wind B ‘Geathermal

MDESERTEC
FOUNDATION

e founded in 2009

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

CSP collector areas
for electricity

 Using energy in EU via low-loss

high-voltage direct current transmission
(10-15% transmission losses between _
the desert regions and Europe). 1 _________ G

Obstacles

 Central plants and transmission lines -
target for terror attacks.

Mauritania

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

—Djiboiti

Il Government overthrown [l Civil war [l Sustained civil disorder and governmental changes [Jl] Protests and governmental changes
. WMajor protests. Winor protests . Related crises outzside 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 without electricity, generally
because they are not connected to a grid. Poverty and politics both
can influence the way countries shape their grid infrastructure.

FHEPAL 86— ~— BANGLADESH 83
AFGHANISTAM BB i

b

:

N

J— HAITI 62
KENTA RS i
RUSANDA 98 =
Lol CAMBODIA 76
SOUTHAFRICA 26— L
Parcentage of population
without access to alectricity
Source: Uritéd Rations Modata 0O 25 &80 ThH

Developrent Pragram THEE MEW YO TINES



provide access to clean water

off-grid solar applications

The United Nations: Desalination
1.1 billion people live without access to clean water.

That's about one in six people in the world.

Solar Stills

.

iy

Ascess to an improved Water soUrce
I % of total pepulation (in 2004)

- miore than 35 %

| sstoss %

World aversge

1. Accerding 1o the definition of UNKCEF and WHO! piped
witer into dweling, Public tap/standpipe, Tubewelborehole, 8510 83 %
Frotoetad dug well, Pritactad sprng, Raimwaber colleston.

% : B s than 65 5
Sources: Workd Welath Orgntzntion (WHEH and Linfted Matiors G chen's Fund

ILINICER], Moating she MOG Exinking Watker and Saniation Tagee: The Lithan and’
ngmmm.emmmmmmucn.m. !l Mo data




Glasses in energy applications

hydropower (?)
wind energy
glass fibre composites

Renewable energy shares of total finaNenergy consumption

in Germany 2011
B | B PV
und Reaktorsicherheit Total: 8,692 P J1]
cover glasses
fossil Power (?) substrates
heat exchangers — superstrates
(enamels) 1/8 08%
seals & flow distributers RES-share 2011:
(glass-ceramics) on il
o.9. hard coal, Tgnite. bi "
nginegral oils, natural ga,s) . Iomass ( H )

and nuclear eneargy:
875 %

tanks
Solar thermal and
geothermal energy: (e name I S)

e ¢
RFS Renewable Frergy Sources; deviations inthe tofals are dueto rounding: 1 P = 10" aule; as ar uly 2012; all figuras pravisional

lack of glass applications in cover glasses, tubes,

several key sectors ! cqncentrators,
mirror substrates




coal power plant

rotary air-gas and gas-gas heat
exchangers

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.




operating conditions

gas-gas heater San Fillipo del Mela, Sicily, Italy power station
(1280 MW, 6 units)

Reheating the treated flue gas in order to secure the
necessary lift of the

flue gas (in 47°C out 105°C).

The heat is taken from the hot untreated flue gas
entering the desulfurization plant and thereby cooling
the gas in (137°C out 105°C) .

Rotor diameter 15 m, 1 rpm

resistance to the cool moist conditions of flue gas desulphurisation plant,

where fouling

and corrosion

are a constant challenge




Glassy thick films for biomass/-gas applications

segmented silo omerastore

Segmented panels for silos
up to 7000 m3

L

to treat:
biogas digesters
sludge

have enamel coatings of:

No open porosity,
high acid resistance (inside)
high resistance to atmospheric and UV
corrosion (outside)
easy cleanability




Glasses for solar bio-fuel generation

principles

transparent glass reactors
vessels and pipes

University Leiden, Solar fuels

biOChemiStry of solar powered H2 The Netherlands, 2007
generation

Oxygenic Photosynthesis

University Leiden, Solar fuels
The Netherlands, 2007

K



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?Z2

» Prototyping stage 200-500 |

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

http-//www _ssnmr_leidenuniv.nl/content_docs/cleansolarfuels.pdf




driving factors cost reduction
solar cell

Production issues:

- raw materials glass costs Glafs rtJerform_?tnce:
- tank operation _a0o - solar transmittance
- forming 20 = 40% - coatability

- cooling - robustness_

- storage - weatherablity

Transmittance = 100 % — (Reflectance + Absorbance)

(l—n)z _
R = aA=EXcXd

[ /4

solar glass = AR-coated + lowiron + thinglass




m‘u’w

Front glass

mission

standard quality

Status:

d=3 mm
floated, rolled (patterned) 5% 1
soda-lime-silica glass

Trans

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

improve failure resistance
- thinner glass

improve flat glass processing
- integration of coating (TCO, AR, ion strengthening
and alkali-barrier coatings) into production (in/on—line)



solar cover gl

soda-lime-silica _ ]
(PV, domestic wate O ; composition
: ] by LA-ICP-MS
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minor components and

traces (iron conc.)

g | | . ! . |
total iron by E 2
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iron speciation and redox

ferrous iron(ll) by

NIR-Photospectrometry

Uisingle =538 Imoli cima

Ades (1990), Traverse (1992)
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solar transmittance
EN 410

* integrating sphere
*« 300 < A > 2500 nm

- normalized by AM 1.5 /
2.5 ‘
[T,.(2)-S,-da
T = 0.3
\‘I.'.‘x‘ & 2.5
1500 le -d4
A 03

Aw

1000 2000 3000 4000
wavelength [nm]

o
T

spectral irradiance [Wlm2 um]

(=]




solar transmittance vs. iron conc.

/7 N
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Near surface chemistry (depth profiling)

by

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

Slal&mdﬁb

elektronen-

vervielfacher — )
- ) Zahler

Quadropol- " )

massen-
filter //‘\
optik




solar glass surface chemistry (float)

as recieved

150 —————
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crack initation on sharp loading

K

Yoshida et al.2004:

crack formation

# radial cracks

probability =

# corners

crack formation:
bath > air

crack initiation load:
air > bath

crack formation probability (bath side)
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surfaces alteration (float glass)

storage conditions

3500 -
" ]
o
Q
_-&h 4
v 3000
c ]
]
=
T
@ ]
< o —— freshly produced
1 —— 8 months open
] — 2 months open + 6 months closed
] — 1 month open + 7 months closed
Eﬂm T T T | T T T T T T T T T | T T T I

T T T T T
0 20 4310 600 800 1000 1200

sputtertime /s sputter rate ca. 0.2 nm/s

after 12 months open

air side

mn ki z F e
e RmRe e T 2L (055 nm Jur

bath side

il

- ; 5 t.. r i
I..l : L -
i i e i e EE Y
- 1 - TR =rThy X .
J \ e T 13 025 nm +-10% T e T 2B 0,15 Am 4210 % sz

PMMA PMMA + acid buffer

source: JlslE

Mr. 15837 BG

stack + separation powder
‘open” = packing-free
“closed” = packed

alterations

air side > bath side

closed > open

pH uncontrolled > pH controlled




rms = 0,20 nm
(1x1 pm?)

40 nm

20n

source: JAAslF
Mr. 153837 BG
0 1
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AR coating market

competitive -
technologies
sol-gel
improvements
process
limitations
solid silica
particles

open porosity
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Y v Y 270
A A A — a1

Glass substrate L]
E 210
core-shell particles T 12
(hollow sphere) == i
internal porosity s 120
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900000 K]
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AR coated cover glass for c-Si PV
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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
reliability and Humidity Freeze  1EC 61215
durabil ity tests Acid Rain EN 1096-2
Condensation EN 1096-2
Salt Mist ISO 9211-3

Outdoor exposure -

(IWI and rooftop)

K



Durability:

nanostructure.

penetration into the surface.

Interm

corporation

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)

DURAEBILITY TESTS*

Long-term performance through unique closed pore

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

SPARC COATING

SOLAR PLUS ANTI-REFLECTIVE COATING (SPARC)

test are made to be passed ...

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

. 100

£ 99 4

]

E 98

£ 971

£ 96 -

H

£ 95 4

T .

%: 94 4 £ *

@ 93 4

[

& 92 4

g

= 91 4

L3

90 T T T
o 1000 2000 3000 40001

Description AT [%]
Felt rubbing -0,33 %
Immersion in 850C water for 100 hours + 0,22 %
Immersion in 350C salt solution (50 g NaCl per liter) for 100 hours + 0,05 %
Acid immersion in 350C acid solution (0,1 M H2504) for 100 hours + 0,05 %
Exposure to water vapor -0,21 %
Exposure to 850C, 85% humidity for 1000 hours -0,53 %
200 cycles from -400C to 850C -0,12 %
10 cycles from 85°C, 85% humidity to -400C - 0,50 %

[..‘ ey
=
ﬁfcoated m coated:

Damped heat Passed IEC 61215
Thermal cycle Passed IEC 61215
Climatic 502 Passed EN1096-2 (DIN 50018)
Salt spray Passed EN1096-2 (DIN 50021}
Merhanical resistance Passed FN 1096-7

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

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

Outdoor exposure tests, exposure racks in Firth, 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

LY
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

Innovation

detection of glass corrosion by sensor plates

» glass segments with different corrosion sensibility

~ pH-indicators of different transition ranges.

 Application:
sensor plate at glass stack monitors
environmetal condition by colour changes

and gives references for the coatability

G freshly pre!)ared

Benefits

| caam)

\ ~ Recognizing of corrosive environmental influences to the
K glass during transport and storage.

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

» Economical advantages due to avoiding consequential
losses and complaints.

source: patent application

DE 102009050714 A1



biofouling

AR coatings for PV, domestic water heating

Alterations of nanoporous AR coatings
due to aggregates of microorganisms
and formation of biofilms

adding of biocides

microbe fouling

on porous silica AR coat
after outdoor exposure tests
4 months (ESEM images)

= Ag, Pd, Cu, .... (nano particles)

source: FORGLAS, Report 2012

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




solar photocatalysis

potentials

photocatalytic
oxidation
(PCO)

water purification

anti -bacterial

air purification .~

volatile organic compounds (VOC)

urban pollutants (NO,) /

solar fuel

hydrogen generation

photoinduced
hydrophilicity
(PIH)

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

— anti-fog



anti-fouling

transmittance (%)

absorbance (x 10°)

AR-coat with PCO
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G. Helsch et al., Solar Energy 96 (2012) 831
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AR-coat with PCO
HT-stability

sols of core-shell

2

P o Non-stabilized TiO,
1 @ Stabilized TiO,
£ !
S 150
g 1
» ! lgo=4.1nm
2 !
2 /
T 1004
g g
g’ !
Lo /
@
g 50 . 4
g " = I a
<
D L] T 4 T & T & ¥ L T L] T
0 200 400 800 800 1000 1200
100
o Tio,P25 A e & TOSIO,
go & —O— —O=
» ]
T \
E 60 - \ g-| O SampleA
S \ ) ) . £ Sample B
g y Equivalent SiO, thickness m  Reference A .
o 40 \ 54 photocatalyst, P25 - P25, non-calcinated
8 \ rse=1-6 nm /
= \ -
< 204 \ fsio=4-1nm 44
L] Igo=8.7 nm /
0 - Sample A, 1000 °C
200 l 460 l 660 ' 860 l 10I00 l 12I00

Calcination temperature, °C

Qi et al., in Handbook of functional
Nanomaterials" (2013) in prep.

Sample A, 900 °C
Sample B, 1000 °C

7Same B, 900 °C
/

M
1

initial reaction rate, mgTOC " min 1
= %]
1 1

{Sm:p.‘es A, B, non-calcinated
O-XP25.000°C : : :
0 10 20 30 40 50
HT-stable anatase (1000°C) dark adsorpiion, adsorbed mgTOC
by interface passivation Qi et al., J. Nanopart. Res.13 (2011) 1325

particle growth is retarded



glasses for solar energy conversion systems
geometric concentration factor C

tower - C > 1000

PV, domestic water,
photocatalytic - C =1

i

borosilicate

0 2 4 6 8 10
CTE (ppm/K)



AR coatings for trough receiver tubes

borosilicate glasses

.-"

S -g-;.—- connected receiver tubes
2 each 4 m length

operating temperature ca. 400°C

source:
Glas und Solar, Otti 2012




AR coating

on borosilicate glass tubes

minimizing alterations due to

icalim . Nanoporous silica-rich layer
mechanical impacts Al e

goal: 100 thickness: 110 nm
higlhy adhesive s
long-term abrasion resistant ARC
. | 95 |
~  was achieved inter alia by ¢ :
= chemical modifcations P uncoate
> O 90 =
o c
S i
Q 10000 E . . . . . "é'
a | N @ g5l
= § 1000 | § P
5 | 80
g depth profiles| Schott PTR™70
S 2 I (SNMS) |
¥ 8 75 T T T T T T T T
200 400 600 800 1000
10 0 260 4IOO 600 800 1000 Wavelength (nm)

Sputter time/ s




Accelerated aging tests o
projection of lifetime performance

Minimum aging | Aging temperature
time [h] [°C)
18 kW DNI (max) 1050 510
%152(22%.1 kw reflection - 643 525
\/ / el kW losses 0.85 kW 295 550
vacuum 93 590
absorber 4 m x 70 mm 16 660
é 6 700
Bas hoat losses 0.6 KW 14 KW (300400 °C) 2 750
| upto 34 kW )

calculated acceleration factors vs. acrclemtcd aging @ S°C for operative temperature of AWC

aging test temperature 5754 4t ::IELT;'..”J&T.?E““"C {10
for different aging mechanisms, i.e. J\}\ 5 #Hf ~] o
activation energies, oo \}M 1/ | J\i e
(operating temperature 400°C) = ' v ) ] p[oom
8 E T T T | b8 &
10000y § 9659 [T B ' 3
E o L i ' P
1 ) \ \ — Y VT
1unu!-::: 2 %604 \i\. _,i/l\' N T b
13 0| e
1009 --- i = - - 25 years Ifetime]| !
LIES 955 lieme| " i s |}
1= | =mu Hsﬂ‘t.‘ md-nedam: 5
10 5 0 200 'IEIDD 1500 EDDD 251][) SDDD 35!]0 481]0
o m ommim=es Owverall aging time [h]
1

0 0 300 230 eoo 230 100 = Length of test necessary for 550 °C working temperature during 25 years:

tamparaturs "2 =~ 1000 days at 590 °C

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

in : Glas und Solar, Otti 2012
Dr. Markus Amtzen 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

s A
L / M

=

-~ receiver
-~ 1000 °C |
hot air

? Lo O el QLW Nyl e |

Y

I. : : l. . '-ll \ ‘%’Q! N e - : A | :]
12.000 m? reflecting surface PSS ’1 AL

1m?
receiver
window
silica glass




AR coated transparent
cover glass

ARTRANS 2007-2009 (DLR)

Warmedammung/Gehause

Sammler / Verteiler—

) \\ #

Schutz fiir Sammler und Verteiler Konzentrierte Solarstrahlung

Institut fir Technische Thermodynamik

loss of enerqgy in
the receiver by

> convection
Antireflective

coating for
compensation of
reflective losses

> radiation

u.
Jnt

thermal calculations
4% efficiency gain

window design
(stacked tube segments)

coating
SiO, containing porous layer
(1.2mx 1.2 m)

assembling and test run
(2010)

silica glass window




Thermal alterations of TR
AR coating " = /

on silica glass windows for = Vi

H —_ - \1 ? _ﬂz \\1.55
volume pressure receivers s " 4\ . —-
sch et al., Solar Energy Mat. Solar Cells 94 (2010) 2191_ % s L porous thin i )
— ; ; . g ® this siudy, Eq. 3
110k L porous 3d bodies
< Ref.[15]
o Ref [15] -
E 100 @ Ref [16]
s bulk glasses. Ref. [24]
o 90 o, c 4 v _
_GEJ I1{]IIII12IIII14
.E 80 10000/T (K1)
E T T T T T
T 70t
*0 93 94 95 9 97 98 A120— .
solar transmittance, © (%) g
- solar transmittance as a quantitative measure § 100 + :
of the densification process £
(o
. : e = 80 &
* viscosity based mechanism of densification a;
in agreement with 3D-shrinkage of porous SiO2 soots & ®

30 min % -
powder compacts (Scherer 1976, Sacks & Tseng 1984) 60 .

T

500 750 1000 1250
temperature (°C)




Soltrac Il — alliance (DLR, Heraeus, Abengoa ,TUC)

2012-2014

Soltrec - high temperature pressurized volumetric air receiver

@ 1200mm 1100 * Raise receiver outlet
tnm:u’tlm'ﬁﬂrl ma::m tE‘mDE‘rﬂturE up to 1000°C fﬂ.r
4 alr receivers

* High receiver efficiency
* Low pressure drop

* Highly modular and scalable to
any power plant size

* Commercialization \ )

Roman Korzynietz*, Reiner Buck?, Ralf Uhlig?

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

thermal alterations of AR coated and uncoated

silica window (TUC) “Arizona“_ e
r.dust T

S . e .
i A e o
iR S L e kT
) | m.- . :’Q =
Row

_ Arizona dust 1200°C 30 mi
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heterogeneous catalysts

¥p2s 900 C

Core-shell

O Sample A
& Sample B
m  Reference y .
photocatalyst, P25 " P25 non-calcinated

Sample A, 1000 °C

Sample A, 900 °C
samies io0c  HT-PCO

Sample B, 900 °C

1/

! Samples A, B, non-calcinated

T T T T T T T T 1
o} 10 20 30 40 50
dark adsorption, adsorbed mgTOC

F. Qi, A. Moiseev, J. Deubener,
A. Weber J. Nanopart. Res. 2011, 13, 1325

100 nm

H,-Generation

eg. 2H +2e" > H,
reduction

oxidation
e.g. CH;0H - €O, + H,0

(CH;),CO

(CH;),CHOH
Zhi Wei Seh, Shuhua Liu, Michelle Low, Shuang-Yuan Zhang, Zhaolin Liu,
Adnen Mlayah,* and Ming-Yong Han*

Adv. Mater. 2012, 24, 2310-2314



PV industry

gobal capacities and cell types

EPIA, Market Report 2011 2011 Newly connected 2011 Cumulative installed Anteile der verschiedenen Zelltechnologien {in %)
W02 W03 004 205 2005 2007 2008 2009 2000 2001

A Haly i 8,000 12,500
. ey R e 24,700
3 China - 2,000 2,900
4 usa 1,600 4,200 N N |
5 Framce 00 2,500 Jemeron
6 Japan 1,100 4,700
7 Australia o0 1,200 monakristallines
.8 __ United Kingdom ..700 750 Slaum
9 Belgium 550 1,500
10 Spain 400 4,200 A
UL S | L S . | /
Slovakia 350 500 Y. B
o 1L NIRRT, - . | NSNS RO. . . ) R =
India 300 450
A5 MBI VI i RO
Rest of the World 1,160 6,060
Total 27,650 67,350
o muyltikristallings
Silizium
Figure 1 - Evolution of global cumulative installed capacity 2000-2011 (MW)
Rust of tha Worlt (7,52 1156 69,684
70,000 Austraiia (1,230 £30)
Czach Rep. (1,050; 3%)
Belgium (2,01B; 3%;) Garmany {24,675; 30%)
60,000 —— ranz (.53 450 Cadmiumiellid \' g
China {3,003; 4%) i
50,000 —— amarphes/ ~ 3
USA (4,383; 0%) mikromarphes - 2
40,019 .
40,000 —— Spain {4,400; B3] Silizium - - Y K
Inaly (12754; 18%) s z
Jmpan (4,914; T%) c - . : - E
30,000 — . . . . burrdqezn_qelm = ] ﬂla
23,210 Silizium : MV “
20,000 15,772 andere Technologien
10,000 015 2448
Y 145 1753 2220 2798 391 o0 I I
0 = - - - [ | I
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
 ROW 751 807 887 964 993 1,003 1,108 1,150 1,226 1,306 1,209 1,717
W MEA N/A N/A N/A NIA N/A NJA N/A N/A - NA 21 205 336
W China 10 30 45 55 64 68 80 100 145 373 803 3,008
B America 146 177 222 287 370 406 645 856 1,205 1,744 2,820 5,053
W APAC 355 491 677 902 1,178 1,475 1,797 2,080 2,643 3,409 5116 7,769 ROW: Rest of the World
L J W Euope 154 248 380 500 1,207 2,200 3,285 5267 10564 16,357 20,777 51716 | p4ra. fiddle East and Affica
J y Total 1425 1753 2220 2798 3911 5340 6915 9443 15772 23210 40019 69,684 | o) 4 ook

Eurpean Photovoltaic Industry Association EPIA, Market Report 2011



Glass substrates for PCO

organic compound degradation rate

Degradation of dichloroacetic acid

T T v T v T v T
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\thin-film reactor
s
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—O— TiO, sol-gel coat / borofloat glass
80 T J T J T J T J T
0 30 60 90 120

irradiation time (s)




provide access to clean water

Clean water production is another
potential large-scale glass application

Individual Access to Clean Water

basic water requirement

Purpose Recommended Range

minimum (liters per | (l/p/d)
person per day)*

Drinking Water 51 2t0 5

Bathing 15 S2to 70

Cooking and kitchen 10 10 to 50

Sanitation services* 20 to >75 -

Total recommended 50 --

*Excludes agricultural demands
"Moderate climate, average activity

From: PH Gleick, Water International, 21 83-92, 1996

40 I/p/d is an average in an industrial society with direct sanitation hookup




Back side silvered mirror

state-of-the-art

A glass thickness of 4 mm is the proven standard
for achieving the requisite breaking sirength. A
thickness of 5 mm is recommended for edge
areas exposed to wind. Normally, five fo fen
percent of a solar field is equipped with 5 mm glass.
Coating / Recubrimiento
The whiter the glass, the higher the energy values.
FLABEG uses an extremely white gloss to achieve an
average energy reflection > 92.5%.

RP-2
Trough compromises 4 mirrors — Interior miror 1570 x 1399 mm
Exterior mirrar 1570 x 1324 mm

FLABEG, Mirrors for concentrated solar power, 2005

RP-3
Trough compromises 4 mirrors  Interior miror 1700 x 1640 mm
Exterior mirrar 1700 x 1500 mm

RP-3 mirrors provide 20% more mirror surface area than RP-2 mirrors. Decklackschicht Grundlackschicht

Stabilisierungs- Grundierung
schicht ‘ Seen
e Silberschicht
Adhdsions- Ag

schicht

Sensibilisierung

Glasscheibe

H.J. Glaser,
Verfahren zur Veranderung der Flachglasoberflache,
in: Glass, VDMA 2002.

cleanliness:
washing program

FLABEG, Mirrors for concentrated solar power, 2005




alternative reflector materials

survey

Weighted

Reflectivity (%) | Cost ($/m?) | Issues
Flabeg Thick Glass 94 40 Cost, breakage
Thin Glass 93 - 96 15-40 Handling, breakage
All-Polymeric 99 10 UV protective coating needed with hard coat
ReflecTech Laminate >93 10-15 Hard coat and improved production
Solel FSM >95 — Solel product durability currently unknown
SAIC Super Thin Glass >95 10 Manufacturing scale-up
Alanod ~90 <20 Reflectivity

H. Price, E. Lipert, D. Kearney, E. Zarza, G. Cohen, R. Gee, R. Mahoney
Advances in parabolic trough solar power technology, J. Solar Energy Eng. 124 (2002) 109

Table D-18 — SunlLab Projected Mirrors Costs

SEGS Trough | Trough | Trough | Trough | Trough
Vi 100 100 150 200 400
1999 2004 2007 2010 2015 2020
Mirrors, $/m” field 40 40 36 28 20 16

AM 1.5 reflectivity > 95 %
robust
UV resistance
weatherability

Assessment of Parabolic Trough and
Power Tower Solar Technology

Cost and Performance Forecasts, Report NREL/SR-550-34440




glass potentials

CSP
EU(2013) > 1-2 Mt CO,

/ EPBT =~ 16 days

PV
Glasses for solar— £(y2010) > 2 Mt co,

conversion systems
o

In energy saving

reductions of CO, emissions
energy payback time (EPBT)

domestic water heating
EU > 1 Mt CO./a

reduction of heat loss
fibre glass _— EU>400 Mt CO,

lowE glass ———____ single — double glazed window

lighting glass EU > 82 Mt CO/a
EPBT =~ 5 months

container glass  weight reduction

_ recycling
melting technology  cullet

Standing Committee of the European Glass Industries
Comité Permanent des Industries du Verre Européennes



provide access to clean water

Solar Stills — An alternative for
desalination

Loy

distillate

production trough blackened surface

5 cm insulation

¢ Problems with corrosion, scaling, brackish water discharge- not as
efficient as reverse osmosis

o Particularly important for poor, rural locations

Single basin solar still design. [from Al-Karaghouli and Alnaser, 2004]




PCO at anatase surface
using glass substrates

achieving high specific surface areas
increasing solar efficiency

micro-sized glass

substrates P
fibres - felt A (ST 4 A
beads - sinter body 339282 208 Gukaz

TU Clausthal, INW+IMVT

surface structuring
etching
patterning

solar spectrum

nitragen
doped
titania

undoped
titania

layer absorbance
-
&)

light intensity [a.u.]

300 350 400 450 500 550 600

Fraunhofer ISC wavemngih [nm]
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