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Fraunhofer Institute for Solar Energy Systems ISE
Research for the Transformation of our Energy System
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largest European Solar Energy Research Institute

)

About 1200 members of staff (incl. students)

pr

18 % basic financing
82 % contract research , 24 % industry, 58 % public
u 86.1 M budget (2014, incl. investments)
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Cornerstones for the Transformation of our Energy System
to efficient use of finally 100% renewable energy I

A Energy efficiency: buildings, production, transport

A Massive increase in renewable energies: photovoltaics, solar and geo
thermal, wind, hydro, biomass...

)

Fast development of the electric grid: transmission and distribution grid,
bidirectional

A Small and large scale energy storage systems: electricity, hydrogen,
methane, methanol, biogas, solar heat, hydro.....

A Sustainable mobility as integral part of the energy system: electric
mobility with batteries and hydrogen/fuel cells
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Price Experience Curve of Solar Energy (c-Si
Photovoltaics)

- Driven by Innovation & Market Introduction!

100.00
Learning Rate:
Each time the cumulative c-Si PV
1980 production doubled, the price
went down by 20 %
£ 1000 s - |
= | — - by a factor of 10 in 25 years!
e 1995 . _
£ Solar Electricity Today:
€ 200 8-10 ct/kWh in Germany,
2 half in sun-rich countries!
E 100
2003
-2 2014
0.20
00
0.0 0.01 010 1.00 10.00 100.00 1,000 10,000
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Source: Navigant Consulting; EUPD PV module prices (since 2006), Graph: ISE 2014
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PV Electricity Cost (LCOE) till 2050
In different regions

PV will generate lowest-cost electricity @ 2-4ct/kWh!

2015 2025 2035 2050
10
MNorth America (15 - 5,8)
2] Australia (16 - 4,9)
India (1,6 - 3,7)
. \ 4 Mena (16 - 3,7)
= 6
S
=
L)
4 I I I I I
2

* Real values EUR 2014; full load hours based on [27], investment cost bandwidth based on different scenarios of market,
technology and cost development; assuming 5% (real) weighted average cost of capital.

Source: ISE PV cost study 2014
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Electricity supply from renewable energy sources
Development in Germany 1990-2013 Year 2013

Total* 25.4%

.. , 152.6 TWh
Development of electricity supply from renewable energy sources in Germany EEG
August 2014 PV 50%
I Hydropower 1 Photovoltaics EEG
160 ~
[ Wind energy I Geothermal energy Januar 2012 1526 30.0 TWh
I Biomass * 143.5 36.3 GW
140 +
i 0
EEG 123.8 Bio 8.0%
120 - Januar 2009 479 TWh
)
2 o4 I 8.1 GW
s
= 100 - EEG 932 949 . )
E Augqust 2004 88.3 ] - WI nd-OnSh
= — 8.7%
_'2 80 - Novelle BauGB 716 52 4 TWh
= November 1997 EEG )
=3 April 2000 62.5 33.8 GW
_; 60 - StromEinspG: 566 ]
K Januar 1991 i Marz Win d 'OffS h
3 2000 451 456 0.1%
RS %0 385 .
0.9 TWh
253
18.9 0.9 GW
20 =
Hydro 3.5%
0 21.2 TWh
1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 56 GW

* solid and liquid biomass, biogas, sewage gas, landfill gas and biogenic fraction of waste; ZSW according to Working Group on

Renewable Energy-Statistics (AGEE-Stat); as at February 2014; all figures provisional * gross electricity demand
%
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Global Market Share by PV Technology

from 1990 to 2013
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Source: Solarbuzz 2014
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Crystalline Silicon Technology Portfolio
c-Si PV is not a Commodity, but a High-Tech Product!

material quality material
quality

Adiffusion length
Abase conductivity

device quality
Apassivation of surfaces
Alow series resistance
Alight confinement

cell structures

APERC: Passivated Emitter

and Rear Cell

AMWT: Metal Wrap Through
AIBC-BJ: Interdigitated Back
Contact T Back Junction

AHJT: Hetero Junction Technology

module

¥ efficiency
BC- 10,

IBC> iT

HJT 20%

19%
18%
17%

14% 15% device quality

Adapted from Preu et al., EU-PVSEC 2009
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World Market Outlook: Experts are Optimistic
Example Sarasin Bank, November 2010

A market forecast (2010): 30 GW, in 2014, 110 GW, in 2020
annual growth rate: in the range of 20 % and 30 %
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PV Market Growth (IEA 2014)

A Rapid introduction of PV globally is fueled by availability of cost-competitive,

distributed energy
A In 2050 between 4.000 and 30.000 GW, PV will be installed!
A By 2015, less than 200 GW, have been installed!

We are just at
the beginning
of the global

growth curve!

al PV power generaation [TWh]

Gl

7,000

6,000

5,000

4,000

3,000 -

2,000

1,0

5,000

4,000

3,000

2,000

1,000

Source: |IEA 2014

o

20 2025 2030 2035 2040 2045 2050

Gloabal PV capacity [GWp]

12

\

~ Fraunhofer

ISE



Global PV Production Capacity and Installations

Module Capacity (GW)

= Production Capac;ity

B | nstallations
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30,8
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2014e 2015e 2016e 2017 o

65,6 579 600 651

| 437 51,9 57,1  SB8

20,1% 11,6% 2, 1% 10,7%

From 2016/17:
Global PV-installation
corresponds to
production capacity!

Excess Capacity (GW)

Outlook for the development of supply and demand in the global PV market.

Source: Lux Research Inc., Grafik: PSE AG
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Comprehensive model of Germany® energy system

Mimimize total

annual cost
(investments, .

capital, operation,
mai nt enance,

REMod-D

Renewable
Energy Model i
Deutschland

Techno-economic

optimization based

on system

simulation (hourly

time scale)
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