Harnessing the Sun I Aluminium  for the Solar Industry
Geilo , 11 -12 Feb 2010

Kjell Stenstadvold, Project Manager
Aluminium Solar Project, Hydro

(1) Geilo, 2010 -02-10 &

HYDRO



| f t hhi s 1's future o1 |

Green leaves, black gold

Beneath a vast conifer farest in Canada lies the biggest proven il reserve outside Saudi Arabia, With crude close to
$100 a barrel, what price the frees? By Sheila McNulty

Source: FT 15 Dec 2007 Oil sands extraction, Alberta, Canada &
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Solar Energy Unlimited

The sun generates enough energy to meet the world's needs
The challenge: convert radiation to energy at acceptable costs
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Three Main Solar Energy Technologies
All require Aluminium Components

Only the first requires Si/PV materials

PV: Solar Cells
Electricity DC, ~150 W, per sqm
System efficiency (sun to grid) 8-12%
Installations <1 kW to 30 MW, No storage

ST: Solar Thermal

Low temperature, hot water, ~800 W i PEer sgm
System efficiency (sun to water tank) 70 -80%
Installations 1 kW to 20 MW; Storage

CSP: Concentrating Solar Power
High temperature (250  AC-500 AC), indirect (steam turbine)
System efficiency (sun to grid) 15 -20%
Installations from 10 MW to 300 MW; Partial storage
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ST larger than PV, PV growing faster

Total Capacity in Operation [GWga], [GWy, ] and ProducedEnergy [TWhg], [TWhg,], 2007

| B -
ST

190

. Totar capacity In oparation [GW] 2007

. Producaa Ennrg]r I__rWh] 2007
150

Global statistics 2007

100 -

- CSP
06 1.5 0.4 0.6
Soiar Tharmar Wina Powar Gaootharmal Prhotovoitaio I Soiar Tharman I Ocoan Tiaa
Hﬂll: inﬂr innr PDWﬂr

Figl.II‘E 2: Totai ca pagclty In cperation [GW.,]. [Gwﬂ.,] 2006 ana annually enargy genaratad I__rWh.,]. I__FWhth].

Source: |IEA

(6) Geilo, 2010 -02-10

HYDRO



Challenge: cost efficiency improvement

Solar energy unit costs need to fall 30% -50% next5 -10 years
ST is near gas heating parity in EU => low subsidies
PV and CSP still at twice ngrid parit

Aluminium can improve cost efficiency of solar technologies

PV costs vs. grid parity in some countries Electricity generation costs

<t 2,000 - \
f -~ et \ X Gas |25 M
E 1,800 o~ ) N\ Coal |24 [ kX
- - L \
. Muclear (2237
{ I~ \ Small hydro 3 I

=
1,500 ~ |
é CN JP e Geothermal | 3554
1 o4 FR . 2010 Wind onshore | 3.1 EESS
g 4% Wind offshore | ‘M| ST Hot Water
1.200 - Biomass | = I 11
UK DE Solar thermal | s I ] CSP
Photovoltaics | 17 I - PV
= - e~ Ocean power 12 I -
L] 1] L] L] L L] 1 T T T 1
2 004 ppose 012 0% 020 028 028 g2 0 10 20 30 40
Average price of slediricity per household (EURXWER) Ecents/kWh

Source: Bank Sarasin 2009

(7) Geilo, 2010 -02-10 &

HYDRO



ICS

Photovoltal

PV

.*
Bl |°
NI

IS

-02-10

Geilo, 2010

(8)

HYDRO



PV 1 Opportunities for Aluminium

Modern systems allow
secure and quick mounting
of PV modules on the
ground or on pitched or
industrial flat roofs and
provide increased

—
Sophisticated parts and I

components: Advantage Al i
ak
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PV Solar Parks

A25-30 t aluminium supports per MW
ASteel competition
AMaterial + assembly/installation cost
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Pocking 10 MW, 32 ha (Hilti)
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ST: Solar Thermal Hot Water
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http://www.solarwaerme.at/Sonne-und-Energie/Warmwasser/
http://www.solarwaerme.at/Sonne-und-Energie/Raumheizung/
http://www.solarwaerme.at/Sonne-und-Energie/Solare-Kuehlung/
http://www.solarwaerme.at/Sonne-und-Energie/Prozesswaerme/

ST Collectors in Europe today:
90%-+ domestic & small commercial systems

Standard system for domestic hot wéter supply

Flat plate or vacuum
)

.....

« 2-6 m* collector area
« 300-400 1. solar storage tank

« Costs ~ 4 000 —-5.000 Euro
incl. installation

Water boiler:

oil, gas

new: wood pellets
seldom: elec. power

Combi-systems, w/ room heating over 30% Cold water inlet
e

2 by Management Beratung W. B. Koldehoff, D-BTE5T Gorisrie AHK/dena: Renewables Made in Germany Seite 2
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Market opportunity: ST Absorbers

b Solar Thermal hot water most
efficient solar technology (70+%)

b Until 2004 absorbers only Cu
b Al sheet ~30% 2009, no Al tubes

b Closed loop hydraulic systems
with glycol/inhibitors enable
Al tubing

b Innovative pre -treatment and
coating processes for Al sheet
under development

b Substituting Cu with Al for
both sheet and tubes cuts
material costs for Absorber

manufacturing by over 50%
(same energy conversion
efficiency)
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Aluminium tubes: Innovation ongoing

b Challenge: Corrosion control
b Doable, installers sceptical

D Aluminium in ST, Phase 1
Al on Al, faster laser welding =>

D Aluminium in ST, Phase 2
D Novel concepts T Innovation

<= Corrugated Al tube from collector to tank
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