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Power consumption is increasing — resource scar- SIEMENS
city and climate change favor renewable sources

Renewable energy drivers

Demographic change Resource scarcity Climate change

= Population growth » Geopolitics 70% of world oil » Climate targets
7.5 billion in 2020 and gas supplies in only a governmental programs for
(+1.1 billion) few countries sustainable reductions in

= Megacities (>10 million = Price fluctuations in fossil CO, emissions
inhabitants): fuels

27 megacities in 2025

Increasing power Increasing importance Increasing demand
consumption of energy efficiency for clean power

Source: Siemens
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From all renewable technologies Solar Power SIEMENS
has the largest energy potential

Renewable energy technologies potential

Wind Biomass Solar Marine energy
Global
capacity 120 900 50 110 157 1.2
(GW) 13 03
Long-term
feasible
potential
worldwide ~5,000 2,000 5,000
(GW)

50,000
Current .
Step changes in Proof-of-concept

technology Advanced : .
maturity technology possible and technology tracking

Source: E.ON Renewables 2008 2020
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From all renewable technologies Solar Power SIEMENS

has the largest energy potential

Renewable energy technologies potential
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Source: E.ON Renewables
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What area of CSP plants in the Sahara desert would SIEMENS
cover the world's energy demand?

m 50 km x 50 km
Luxemburg

500 km x 500 km
Great Britain

C 5000 km x 5000 km
Russia

A

CSP: Concentrated Solar Power
Source: Siemens
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An area of ~ 500 x 500 km would be required to SIEMENS
cover world's energy demand of ~ 13.5 TW per year

500 km x 500 km
Great Britain

L y -
L Ve
%

yay

Source: Paul Scherrer Institut, Dt. Zentrum fur Luft & Raumfahrt
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SIEMENS

Every technology has its strengths and weaknesses

Comparison CSP technologies

Parabolic trough Linear Fresnel Solar power tower Dish / Stirling
Only mature & field Low complexity More efficient than Highest solar-to-
proven concen- Flat mirrors cheaper parabolic trough electric conversion
trating solar techno- than parabolic trough due to higher efficiency of all
logy with more than Lower footprint than operating options
25 years track record parabolic trough (less temperatures Modular system
Bankable technology space btw. rows)
B High CAPEX B Lower efficiency than [ Limited experience [ High complexity
required to maximize parabolic trough due with this technology B Maintenance
owner's revenues to lower operating B Limited size per intensive

temperatures tower (MW) B Low field experience

Source: Siemens CSP: Concentrated Solar Power
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SIEMENS

Every technology has its strengths and weaknesses

Comparison CSP technologies

Only mature & field
proven concen-
trating solar techno-
logy with more than
25 years track record

Bankable technology

Focus today

Bl High CAPEX

owner’s revenues
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Source: Siemens SP: Concentrated Solar Power
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Solar thermal is a proven technology operational SIEMENS
since 25 years

Advantages

» Proven technology

Source: Siemens
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SIEMENS
SEGS plants US - 6 x 30 MW

(44isss \u“
7/11. N =

/’ i

FRMREEERRLRA L

Source: FVEE
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The CSP market is moving while plant sizes are
increasing significantly

SIEMENS

Construction of initial SEGS Second wave of operating First additional
plants | — IX in California, USA. parabolic trough plants: countries with
Choice of technology for all is 64 MW Nevada Solar One, project around
parabolic trough. Performance 50 MW Andasol 1/2, 100-125MW, such
classes 50 MW Puertollano as Israel and UAE
1x 17 MW, 6 x 30MW,
2 x 80MW

1980s 2008-2009

<@ € ©O ©Q O € @

First commercial solar
towers connected to
the grid in Spain:
PS10 and PS20

2009

«©ar ab

. ~2006 2010 onwards
]

Re-awakening of CSP. Larger power plants are kicking off
Spain becomes the dominant market with worldwide. With ~30 projects, the US will
standard 50MW parabolic trough solutions. become the largest market. Dominant
More than 100 parabolic trough plants with standard project size is >100 MW for parabolic
capacity 50 MW in project pipeline. Very few plants troughs.

are smaller or use different technologies

Source: Siemens
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@ Plant sizes in MW
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SIEMENS

Solar thermal can be used in hybrid plants

Advantages

= Hybrid possible

Source: Siemens
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Concentrated Solar Power is available at major SIEMENS
energy consumption time ...

CSP availability

Proportion of
Peak Demand

A
110% - Morning Evening
100% Peak k
90% -
80% - .
-CSP capacity
70% -
Residential
60% - \ Sector
50% -
Commercial
Sector

Industrial
Sector

Time of day

00:30 01:30 02:30 03:30 04:30 05:30 06:30 07:30 08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30 21:30 22:30 23:30

Source: Siemens
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... peaks can be compensated by hybrid setup SIEMENS
together with gas power plant

Hybrid

Proportion of
Peak Demand

110% Hybrid Morning ing Hybrid
Power plant Peak - Power plant

100% -

90% -

80% -

70%

60%

50%
{ Commercial
40% | Sector
30% | g

20% Industrial

Sector
10%

0%
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Time of day

Source: Siemens
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In solar thermal there are still qguantum leaps
possible

SIEMENS

Advantages

»* Quantum leaps possible

Source: Siemens
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Single biggest lever to reduce costs SIEMENS
Is scaling up plant size

Investment costs, USD / installed kW

~X
~y
50 MW 150-200 MW
today future

Source: Siemens
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SIEMENS

Solar thermal energy is dispatchable

Advantages

= Dispatchability

Source: Siemens
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Usability of Solar Power can be prolonged aftersun SIEMENS
set to cover evening peak aswell

Storage

Proportion of
Peak Demand

A
110% - Morning Evening
100% Peak k
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Source: Siemens
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Usability of Solar Power can be prolonged after sun SIEMENS
set to cover evening peak aswell

Storage
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Source: Siemens
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Solar Thermal will play its important role in the SIEMENS
renewable energy market

= Proven technology

i= Hybrid possible

= Quantum leaps possible
i* Dispatchability

e — -~ —
Source: Siemens
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