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Urging problems
lead toarapid paradigm change

w Acceleratingclimate change

w Depletingoll and gas resources

w Increasingenergy demandn emerging and
developing economies

3 Rapidtransformation of the energy systeneeded
3 Governments create markets for new technologies
3 New technologies change the energy markets

w PV Is the most disruptive of the netgchnologies
- Fastesgrowth
- steepest |learning curve
- biggestpotential
- but still small
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Converging political targets in Europe:
100% renewable electricity by 2050

w

w

W

EU decision in 2008pmpulsory
20% renewable energy in Euro@820 A ca. 35% renewable electricity

GermanRE Industry Associati@®08:
47% renewable electricity iGermany by 2020

German environmental ministdrottgen2010:
his aim 100% renewablelectricityin Germany2050

EREC (European RE Industry Associéai()/11.:
100% renewableenergyin Europe2050, 45% in 2030

German Advisory Council on the Environment 2010:
100% renewablelectricityin Germany possible and necessary by2050

European Climate foundationRriceWaterhouseCoope010:
100% renewablelectricityin Europe possible by 2050

WWF 2011 worldwide scenarios:
100% renewablenergy2050

EUCommission Energy scenari®11:
?7?? Yenewable energy ikurope 2050



Employment in renewable energies
In Germany

Industry forecast2020: 500.000
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Quelle: BMU/AGEE-Stat, DLR/ZSW/DIW/GWS, UBA o0—
Stand: 1 0/1 0 www.unendlich-viel-energie.de [&s:
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Electricity production mix
In Germany 2010

Renewable Energies ensuring 16,8%
of gross power consumption.

Italy october
2011: 4,15%

Renewable 1
Energies 2,0%
lz\lzuo;olear Energy l 101,7 bn kW o0 B
17%
/ l Hydropower
Natural Gas ——=e 3,3%
13% ‘ | (19,7 bn kWh)
E Biomass
5,5%
Lignite " (33,5 bn kWh]
23% ' \.
‘ 6,0%
Hard Coal Others 6% (36,5 bn kWh)
19%

Sources: AGEB, AGEE-Stat O—
Status: 08/201 1 www.renewables-in-germany.de [y

ruggero@schleichetappeser.eu 5



Investments In renewable energy
Installations in Germany 2010

Total: approx. 26.6 Bill. EUR

Hydropower | @70 Mill. EUR

Geotherm*al = @850 Mill. EUR
energy

Solar thermal
energy

950 Mill. EUR

Biomass

(heat) m1,150 Mill. EUR

Biomass
(electricity)

1,550 Mill. EUR

Wind energy 2,500 Mill. EUR
19,500 Mill. EUR

Photovoltaics

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000
[Mill. EUR]

* Large plants and heat pumps; deviations in the totals are due to rounding;
Source: BMU-KI 1l 1 according to the Centre for Solar Energy and Hydrogen Research Baden-Wuerttemberg (ZSW); as at: July 2011; all figures provisional
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Germany has triggered the takeff
of the world PV market

Total PV capacity installed in Germany

17193MW

Milestones

1991.: First Feeah Law(FIT with low tariffs)

1991-:1995: 1,000 roofs prograrfgrants)

19992003: 100,000 roofs prograifoans)

2000: Renewable Energy Sources Act (HEQ))

2004: Amendment ofthe EEGFI)

2006: Amendment of the EE@wer and decreasing FIT)

9785

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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N
Global PV deployment:

new markets stabilise growth path

2010 India
16,62
8.000 B Portugal
7,203 Greece
7000 | oo — B Rest of EU
6000 | i_g“ N ! Spain
China
5,000 South Korea
MW 4000 France

Rest of the World
3,000 Belgium
2,000 506 B Czech Republic
1122 1,422 o . USA
1,000 .- ______ J
el l I s
NN BN N - taly
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Global cumulative installed
capacity share 2010

Austria 103 MW (0.3%)
Belgium 803 MW (2%)
Bulgaria 18 MW (0.05%)

Czech Republic 1,953 MW (5%)
France 1,025 MW (3%)

USA 2,528 MW (6%)

Thailand 10 MW (0.03%)
Taiwan 22 MW (0.1%)

South Korea 655 MW (2%)

Rest of the world 1,742 MW (4%)
%)

)

%)

)

)

Japan 3,622 MW (9%
India 102 MW (0.2%
China 893 MW (2%

Canada 200 MW (0.5%
Australia 504 MW (1%

Rest of Germany 17,193 MW (43%)

the world

FIT
United Kingdom 66 MW (0.2%)

Spain 3,784 MW (10%
Slovakia 145 MW (0.4%

Rest of the EU 333 MW (0.8%
Portugal 130 MW (0.3%

s = s

= FIT Greece 206 MW (0.5%)
S Italy 3,494 MW (9%)
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Success$actorsin Germany

A Areliable investment contexwith guaranteedieed-in
tariffs for 20 years after installation

A Continuousadaptation of the FIfor new systems to
market developmeny steady growth

A Asimple schemeno other incentives, judEiT
A No complicated permitting procedures

U Bankshave learned that PV investments are low risk
A low capital costs

U Industryandcraftsmenhave invested in production
and trainingA reliable quality, low system price

U Hundreds of thousands of new privare/estors

ruggero@schleichetappeser.eu 10



Creating a stable market

with feed-in-tariffs

A Earlier promising PV programmes pushed by the USA
(President Carter) in the early eighties, then by Japan in the
nineties were less transparent and terminated to early

A Thefeed-in-tariff has become ainternational success story
61 countries with~IT They have strongest PV growth

A Pitfalls to be avoided: Market developmentin Spain
I Unsustainable high tariffs (Spain,;y,
Czech Republic, UK) 2500 N
I Unbalanced market without smalRoo0 © BSWsolar
. 1500
players (Spain) 1000
I SlowFiTadaptation 500
i Complicated, permitting 0 N N Ve

2007 2008 2009 2010 2011 2012
procedures (Greece, Portugal)

I Retroactive change£i¥ech Republic)
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PHOTOVOLTAIGCS
A DISRUPTIVE TECHNOLOGY




PV Is a Semiconductor technology:
Direct transformation of sunlight into electricity

sunlight several layers of semiconductors

variety of different technologies:

A crystalline silicon-Si (ingotwafer)
A monocristalline < 24% efficiency
A polycristalline < 20%

A thin-film technologies
A amorphous Silicon-8i, also comb. < 12%

A CdTeCadmiumTelluride < 16%
A CIGS, different combinations < 20%
A GaAs GalliumArsenide < 24%

A poly-junction <41%
AX

Ano moving parts

Ano maintenance

Ano fuel

Ahigh cost reduction
potential

DC direct curren AC alternate current



A scalable technology:
mass production of standardised cells




Rapidly decreasing Costs:
The historical learning curve of PV

100 T— —]

— 1980 doubling of the volumey |

B e | cost reduction 22% |

> L |

8
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@ 10| —
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= — Experience Curve: 2006 —
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— production reduces ® —]

| prices by 22% 4.~.\. m N
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Cumulative Module Production (MW)

Sources: EU Joint Research Centre - EIA - National Renewable Energy Laboratory - A T. Kearney analysis.
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Innovations in PV development: large
variety guarantees further cost reductions

A
A

> >

> I > D

Silicon, improvement-&i cells _ o

Thin fgm: U Higher efficiency

A l, i, !

A CIGS. i Lower production costs
A| Cd¥ X U New application fields
Multi-junction, concentrg .

Organic cells U INTEGRATION

588 48SyaAl

Integration Integration

Storage technologies
(stationary, mobile, offgyrid, grid)
Intelligent inverters

System design

Hybrid systems, mirgrids

Grid concepts, grid steering
Regulation, markets

Carrying materials, module design
Concentrators, tracker systems
BIPV: integration in buildings, construction elements
in appliances, in vehicles

Free space, traffic areas, roofing

> I v I



Rapidly decreasing German feed-tariffs:
grid parity residential in 2012

—o—< 30 kW
40Rrp 00
51,8 German feedn tariff
50 F ——  —m—> 100 kW
< 1MW
30Rp
40 - , = - ground
37,9 35 mounted
20Rp 30 3
——————— ._ ---T7 -
0 ¢-———"""""""7/ """ 251
10Rp |
average household tariff commerce tariff (L0MWh/a)
10 (3000 KWhia) (incl. VAT) Munich (without VAT) 332 Won
O T T T T T T
2006 2007 2008 2009 2010 2011 2012
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Power need when the sun does not shine:
different potentials for own consumption

PV power consumption own consumption
~ production . P "
pro ‘

5000

3750

Leistung

2500

1250

B e
o f

00,00 03:00 06:00 09:00 12,00 15:00 18:00 2100 o000 06:00 12:00 18:00 00:00

Private household in Germany Commerce

cloulesssummer day, 4 persons, workingday8-18h

PV installation XWp BDEWLastprofilG1

A Efforts needed for > 30% A Good conditions for high share
of own consumption of own consumption
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Attractiveness for own power production:
Germany- Scenario for the next five years

A

In the last four yearthe average

Evolution of the difference between

PVsystem price declined by 50% drid tariffs and own PV power costs

(3Q07#30Q11, <100kWp, Germany)  °

tc/kwh

corresponding te¢16% p.a

Scenario assumptions
I System price developmentl0% p.a
i Power from the grid: + 3% p.a.

I present FIT in Germany represent
present PV power costs

In five years PV power from the
roof could cost 40% less than
power from the grid

© ruggero@schleichetappeser.eu
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— Convincing incentive

-50% -~

for investing in load
management.

= grid house

= grid trade
PV house

— PV trade

m household

M trade
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From 2013: large shares of the German P\
market interesting for own consumption

e

Installations
januaryq september2010

60% of
new Installations
< 100 kW
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The coming boom:
captive power generation

Attractive investments even without incentives
Timeline In Germany:

A In two years PV power for own consumption in
commerce and services

A In three years Supplementary investments for
Increasing the share of own consumption

U PV growth independent from incentives

U Boom in power management technologies
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Grid parity in Europe 2010
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Grid parity in Europe 2016

(forecast in 2010)

Israel 2016
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TOWARDS AEWCONTROL LOGIC OF
THE ELECTRICITY SYSTEM



Photovoltaics is a modular technology:

competing on the retall side

i, 4

conventionalpower plant

© ruggero@schleichetappeser.eu
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Photovoltaics is a modular technology:

competing on the retall side

i, 4

conventionalpower plant

I
e
industry

Wholesale
strongly varying prices

© ruggero@schleichetappeser.eu
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Photovoltaics is a modular technology:
competing on the retall side

A 50% of power consumption:
l\ households, commerce,
)__QQ services

conventlonalpower plant

' « ©
&1 b D)

industry

1824 ¢
Wholesale

strongly varying prices Retail -
gy yingp I ConS_tant prices
tariff steps
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Photovoltaics is a modular technology:
competlng on the retall side

A 50% of power consumption:

‘:ﬁjﬁ households, commerce,

services
conventlonalpower plant

wind power plant

PV power plant

' « ©
&1 b D)

industry
@ 1824 ¢
Wholesale _
strongly varying prices I cons%rlmces
tariff steps
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