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Who are we? BEE<D

Bundesverband
Erneuerbare Energie e.V.

We are the voice of the renewable energy industry in Germany.

We are 26 Iindustry associations and organizations of the
hydropower, wind energy, solar energy, biomass and geothermal energy
industry. We represent the interests of more than 30,000 single members,
among which 5,000 companies.

German renewable energy industry stands for 380.000 jobs.
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1. The “Energiewende”
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The History of the
,Energiewende (2 | 3)

90 b S Getting started with renewables

1998
15t Red-Green Alliance

1991 Federal National
Feed-in Act adopted 6% Government
under conservative

government

100% energy
self-sufficient
solar house

100,000 Solar

plant /.b ‘””r & nerIeeT Roofs Program
of Schanay UN Kyoto Protocol
galn control signed, limiting CO,
of local grid, emissions across
- ramping up member states

renewables

Dr. Hermann Falk, 26th May 2015

2002

Initiative Energieeffizienz
established, focusing on
promotion of end use

efficiency in households
and commerce

2000

Coalition reaches agreement
with nuclear plant owners to
phase cut Germany's nuclear
plants by roughly 2022
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The History of the BEE<O
,Energiewende (3 | 3) i s B

10 I S The Final Shut Down.
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2012

German power
exports reach
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As a reaction to the 50% solar power

4 Fukushima disaster &e"’“""“"':;“ o
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} ‘ &\ﬁi’; % spread all over world record
Geu? Germany
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The “Energiewende” BEE’\’)
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Only with a significant expansion of RES the climate policy objectives in Germany
will be achievable

environmental
protection

security of economic
supply feasibility

- 80 to -95% CO2 ->2050

- A power supply with 100% RES is possible by 2050, even earlier in the
electricity sector

Dr. Hermann Falk, 26th May 2015



The “Energiewende” B!EEM%J
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German Climate and Energy Goals

40% less greenhouse emissions until 2020, 80 — 95% less until 2050 (in
comparison to 1990)

18% renewable energy share of final energy consumption until 2020,
60% until 2050

40-45% renewable energy share of electricity production until 2025,
55-60 % until 2035

reduction of primary energy consumption by 20% until 2020, 50% until
2050 (in comparison to 2008)

10% less electricity demand until 2020 and even 25% until 2050 (in
comparison to 2008)

doubled energy efficiency by 2020 compared to 1990
renewable heat: 14% share by 2020

—> Germany’s emission reduction targets exceed those of the EU!
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The “Energiewende”

Germany is gradually shutting down all nuclear power plants
Declining nuclear energy installed capacity in Germany, 2000-2022

Nov 2003 | May 2005 Fukushima |
Stade Obrigheim
Aug 2011 May 2015
Biblis A+8 Grafenrheinfeid
Brunsbiittel
Isar 1 Dec 2017
Krdmmel Gundremmingen B
Neckarwestheim 1
PR ppater | Dec 2019
Untarweser it &
| Philippsburg 2
| Dec 2021
Grohnde
-672 357 Brokdor!
Gundremmingen C
Remaining | Dec 2022
nuclear [sar 2
CapaCity -1345 1344 ' :.Jr:k‘.nw‘_-sl?u-'nn 2
msiand

In megawatlts

22,100

2000 2005 2010 2015 2020

Dr. Hermann Falk, 26th May 2015
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RES have broad support in Germany

Share of Germans who “like” or “like a lot” living close to power generation, Oct 2012

Solar farm

siogas power plant |, 6 1%
Wind turbines _ 36%
Natural gas power plant _ 21%
Coal power plant - 9%

Nuclear power plant . 4%

| T I T T |

0 20 40 60 80 100

Dr. Hermann Falk. 26th May 2015 source: Heinrich Boll Stiftung 2013, AEE; energytransition.de
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The “Energiewende”
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The RES in Germany are now a strong and growing pillar

Germany's power mix in 2014

Renewable Energies contributed 160.6 billion kilowatt hours or 26.2 percent to gross electricity
production. The share of renewables in electricity consumption increased to 27.8 percent.

Natural Gas others Hydro Power
58.3 bn kWh 1 33.2 bn kWh 20.5 bn kWh
9.5% 5.4% 3.3%
.—J *—
Hard Coal 34.9 bn KWh
109.0 bn KkWh 5.7%
17.8% .
Renewable @] Biomass
Total Energies 49.1 bn kWh
614.0 bn kWh 160.6 8.0%
Nuclear —e bn kWh
Energy 26.2%
97.1 bn KWh ——e+ Wind (Offshore)
15'8‘7 1.3 bn kWh
- (]
0.2%
Lignite
155.8 bn kWh - vd (Onshor
25.4% 54.7 bn KWh
— 8'9%
: AGENTUR FUR
: ERNEUERBARE
Sources: AGEE-Stat. BDEW, . ENERGIEN
As of: 3/2015 unendlich-viel-energie.de

Dr. Hermann Falk, 26th May

2015



The “Energiewende” BB!EEb;d\’) '

Erneuerbare Energie e.V..V.

Development of electricity generation from renewable energy sources in Germany

EEG:
180 EEG: August 2014

January 2012

160 1524 ——
140 January 2009 =

EEG: 123.8
120 EEG:

StromEinspG
January 1991 — March 2000 451 456

August 2004
April 2000 104.8
100 932 949 !
88.3
Amendment to BauGB
80 November 1997 216
62.5
56.6 . l

B
253 mm BN =

Gross electricity generation in billion kilowatt
hours

m il il
0 il |
1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

B Hydropower Wind energy B Biomass * Photovoltaics B Deep geothermal energy

*incl. solid and liquid biomass, biogas, biomethane, sewage gas and landfill gas as well as the biogenic fraction of waste, from 2013 incl. sewage sludge; BEMWi based on
Working Group on Renewable Energy-Statistics (AGEE-Stat); as at February 2015; all figures provisional

Adapted from ,,Renewable Energy Sources in Germany 2014, BMWi, 2015
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The RES in Germany are now a strong and growing pillar

Share of Renewable Energies in Germany's Energy Market
from 1998 to 2014

Percent
30
.27.8%
rd
23 =o=— FElectricity Heat Transport ./
20 —e— (ross final energy consumption (*until 2013) /./
o—*
15 -
/ .12.4%‘
) —
10 ./'/ o /./°/. - %
~
—
o9 - 5.4%
5 .\.—-./. .

‘90 '91 92 '93 '94 '95 96 '97 '98 '99 '00'01° '02 ‘03 '04 05 ‘06 '07 '08 '09 10 11 "12 13 "14

: RENEWABLE
Source: BMWi : E‘EEZELES
AS Of 2/201 5 eeeeee bles-in-german y.com

Dr. Hermann Falk, 26th May 2015



The “Energiewende”

Renewables-based heat consumption in Germany 2014
Total: 130.9 billion kilowatt hours

Biogenic solid fuels (CHP/HP)**

Biogenic solid fuels (industry)**

Biomass
Geothermal

energy and
ambient heat

Biogenic solid fuels (households)

BEE @)

Bundesverband
Erneuerbare Energie e.V..V.

Biogenic liquid fuels* 1.7 %

Biogas***

Sewage gas 1.4 %
Landfill gas 0.1 %

Biogenic fraction of waste
Deep geothermal energy 0.7 %

Near-surface geothermal energy,
ambient heat

Solar thermal energy

* incl. biodiesel used in farming, ** incl. biogenic share of waste, *** biogas, biomethane, sewage gas and landfill gas; BMWi based on Working Group on Renewable Energy-

Statistics (AGEE-Stat); as at February 2015; all figures provisional

Adapted from ,Renewable Energy Sources in Germany 2014, BMWi, 2015
14



Industrial added value: BEE"‘\)

Bundesverband
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Landern zu ]

Deutschland zieht EU-Durchschnitt
nach oben “eranderung des Anteils des “erarbeit. Gewerbes
an gesamter BWWS 2012 gg. 2000, %-Punkte
Reale Bruttowertschépfung im Verarbeitenden
Gewerbe, 2005=100 LT
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Source: Deutsche Bank DB Research 2013 basierend celle: Eurostat
auf Eurostat
Dr. Hermann Falk, 26th May 2015 15




German industry employment is BB(!EEb’d\-)
most stable

Erneuerbare Energie e.V.
Industriebschaftigung in Europa zuletzt
stabilisiert

Zahl der Beschaftigten im Yerarbeitenden
Gewerbe, 2010=100

160 \
140 \
™~

190 ™

80

0o 02 04 06 08 10 12

* Keine Daten fur ltalien verfughbar

uelle: Eurostat

Source:; Deutsche Bank DB Research
Dr. Hermann Falk, 26th May 2015 16



RES create more jobs than BEE<O
conventional energy does et harale il

Employment in Germany in renewable and conventional energy sectors, 2005-2011

400,000 Employees

A thorough study
of the German
market estimates
a net job creation
of around 80,000,
rising to 100,000 —
150,000 in the
period from 2020
to 2030

200,000

I Jobsin renewables

I )obs in coal mining
and conventional
fuels

2005 2008 2011

source: Heinrich Boll Stiftung 2013,BMU/BMWi; energytransition.de
Dr. Hermann Falk, 26th May 2015
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Germany: growing economy, declining emissions

140 Change in %

120

l '.:".'

=== GDP per capita
(1991 = 100)

GHG emissions in
CO;-equivalent
(1991 = 100)

1991 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12

Source: Heinrich Boll Stiftung 2013, BMU, BMWi, Destatis; energytransition.de

Dr. Hermann Falk, 26th May 2015
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German CO:z-emissions in the power sector are still decreasing

C02 emissions of the power sector in mio. t
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260
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336
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EiE
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310
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294

fo Al el £ £ & 3 3 ! o] o
\09 \qq ’90_, {:)oj ) 1’00 %) & 52 Qﬁg’) & qu() ".:E)Q ’!‘9@ sy

Source: The Energiewende in the Power Sector : State of Affairs 2014, Agora Energiewende, 2015
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2. Benefits of the Transformation



Benefits of the Transformation B!EE;d\r)
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The main benefits are...

e more climate protection with more RES

e more technological Innovations

e more support by the public

e more electricity generation in citizens’ hands and more competition
e more jobs

* more energy security by less imports



Benefits of the Transformation BB!EEb’d\z.
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RES save Germany more than 7 billion euros per year

Costs and benefits of RES in energy use, Germany 2011

25 Billion €

20

Avoided energy imports
€2.9bn
Grid expansion
€0.13 bn

Backup power

Local added value
€ 0.16 bn

€7.5 bn

Differential cost

of renewables
Environmental € 13.5 bn

damage prevented
€ 8.0 bn

Benefits Costs

source: Heinrich Boll Stiftung 2013, AEE; energytransition.de
Dr. Hermann Falk, 26th May 2015



Benefits of the Transformation BB!EEb'd\,’
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Germany is a global leader in wind and solar

Solar and wind operating capacity, Germany and rest of world, 2013

Sources: EPIA, BMWi, windmonitor.de, WWEA, own visualization

Dr. Hermann Falk, 26th May 2015




Benefits of the Transformation B!EE;d\)
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Export climate in the renewable energies sector - Business expectations
for the next six months

environmental heat ' ' ' | | 12 ' | 1
geothermal 1 | | | | | 9 | | | 3 |
solar thermal incl. CSP | | ) | | | | 15 | | | %
photovoltaics | | | 18 | | | | 18 | | |8
N — ——— | — | M—
biomass (liquid/ solid) | | 9 | | | | 14 | | |
wind energy incl. small wind 1 | 1& | | | | 24 | | | 1
total —F | 74 | | | |98 | | |22 4
] i | ! | ] | | ! } 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m strongly improving improving stay the same worsening  mstrongly worsening

Source: German Energy Agency (dena), 2014
absolute numbers and percent, interviews from Oct. 2014



Benefits of the Transformation BEE'\)
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Primary energy consumption and dependence on imports of Germany’s
energy supply in 2013

71 percent of the total primary energy consumption (13,828 petajoules)
were imported.

petajoule
5000

98% Import share Total dependence on imports:

4000 Domestic share Domestic energy
production: 29% —e
87%
3000
Energy imports: 71%

2000 87 %
100%
1000
18% 13%
2% L 0%
0 ((/
Mineral oil Natural gas Hard coal Uranium Lignite Renewables

: RENEWABLE
. . : ENERGIES
Source: BMWi : AGENCY
As of: 8/2014 . renewables-in-germany.com

Dr. Hermann Falk, 26th May 2015



Renewables increase security of BEE;\\/)
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OPEC Oil Price Development in US-Dollar/Barrel

120

100

80

60

40

20 ] I I I I
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sources: OPEC, IEA, own visualization

Dr. Hermann Falk, 26th May 2015 26



Regional value from RE BEE<OD
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Wertschopfungseffekte typischer

erneuerbarer Stromerzeugungsanlagen
wahrend 20 Jahren Anlagenbetrieb

Millionen Euro pro Anlage 5 10 15 20 25 30 35 40
Windenergieanlage —
2,83
wst;ore [ ’MWll = : Steuern an die
indenergieanlage —~
Repowering (2 MW) - 3,11 gg\’;i:]nuene
Photovoltaik- —r
Kleinanlage (20 kW) 0,06 0 Einkommen durch

Beschaftigung

Photovoltaik-Grof3- -

anlage Dach (0,5 MW] F 1,58

Photovoltaik-Grof3-

anlage Freiland (5 MW)] | 12,3

Wasserkraft-

Kleinanlage (0,5 MW) il 2,08

Biogas- R

Kleinanlage (0,3 MW] [ 2,14

Biogas-  —

GroBanlage (1 MW) — 6,20

Holzkraftwerk

(5 MW) 36,8
Quelle: IOW, Stand: 08/2010 www.unendlich-viel-energie.de [EE~

Dr. Hermann Falk, 26th May 2015 27
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3. Challenges of the Transformation

a. Costs and Prices
b. Grid stability and Storage
c. Acceptance and Participation



Kosten [Mrd. Euro]

Total costs for Energiewende BEE<D

Bundesverband
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80
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40

Gutschrift durch Brennstoffeinsparungen
PV

Wind Onshore

Wind Offshore

Infrastrukturkosten

E-Mobility

Power2Gas und weitere Speicher
Warmepumpen

Gebdudeisolation

Decku beitrag (ohne Kapitalk

20

-40 o
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2005
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Return of Investment

I forward projection of status quo:

sconstant energy consumption
*no additional investment for
energy effiency and renewable energy

enerqy transition, part 1
50% reduction of energy consumption

enerqgy transition, part 2
substitution of fossil energy carriers

by renewable energy

Overall expenses of energy consumers
without taxes [bill. €,5444/a]

0 l-l (== BAT I 25T i | ll lllIlllllllllllllllllllll 24 Bl I 111
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

=» The extra cost for the energy transition is in the range of 5% to max. 8% of total energy expenses
and will be needed until about 2025 (total: about 300 bill. €).

=» In the longterm this is profitable against a forward projection of the status quo.

Slide courtesy F. Staiss 2013, based on data from BMU \a

Dr. Hermann Falk, 26th May 2015




Challenges of the Transformation B(!EEb»d\)
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The RES are becoming competitive

Forecast of power generation cost in Germany up to 2030

Energy sources

» -
-
el
- -
~
_____
.
-
il Bl
- el
—————

ind, offshore
Photavoltaics,
small roofs

w—  (yerman power mix
(fossil and nuclear)

&S] Photovoltaics,

other types + sizes
Photovoltaics,
large ground

==« Wind, onshore

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Source: Heinrich Boll Stiftung 2013, Fraunhofer ISE; energytransition.de
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Example of monthly energy costs by household: minor share of EEG

apportionment and electricity costs
350€ -

300€ —

10€ 15€
10€
250€ — = 6€
3¢ 3€ 3€
200€ —
150€ —
100€ —

50€- ' goe 93¢ 98¢ e 99€ 109¢ 1166  112¢

0€ T T T T T T T 1
2006 2007 2008 2009 2010 2011 2012 2013

M EEG-Umlage M Strom (3500kWh/a) ohne EEG-Umlage
B Heizol (14001/a) Benzin (8401/a) Quellen: Destatis; DUH

Dr. Hermann Falk, 26th May 2015
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VIK-Electricity Price Index for industrial customers constantly drops

250 -
236,49

225 -

200 —

175~

150 =

125

100

75

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Quellen: VIK; DUH

Dr. Hermann Falk, 26th May 2015




Challenges of the Transformation B!EEb’d\)
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smaller EEG apportionments for industry customers = industry benefits rise,
private customer’s prices increase = deficit of regulation not due to higher
costs for Renewables

18 +
16,8

16

151 14,0

12 — 11,6

10,4 10,2 11,4
10

9,4

8 | | | | | | | | 1
2005 2006 2007 2008 2009 2010 2011 2012 2013

Quellen: Arepo Consult; BMF; BMU/BMWi; DEHSt; DUH



Challenges of the Transformation B(!EE;d\)
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RES are not the main driver for high energy prices in Germany

Trends of retail rates, spot market prices and renewable energy surcharge over the past
10 years in Germany

= Retail rate

== Spot market price

Renewables
surcharge

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: Heinrich Boll Stiftung 2013, AEE; energytransition.de



German energy stock exchange rates

lower than in neighbouring states

Platts month-ahead base power assessments

(€/MWh)
0

T

BEE <@
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30
== Lniitad KINgoom == Netheriands == France == Garmary
Jan13 Mar13

Source: Platts

Now-13

0

a0
Nov-13

Decld Janld

Janld

Dr. Hermann Falk, 26th May 2015
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Conventional electricity suppliers gather up budget surplus of 100 Billion Euro
from 2002 - 2012

[Mrd. Euro]
16 —

14
12,9

[ 121

20

149
12
10

124
1 116
8,2
o ™~ 7,0
5,5 :
[ ]
6_
5,0
4_
i I I
g N

-2 T T T T T T T T T T 1
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

= EnBW Vattenfall B RWE M Eon Quellen: EnBW; Eon; RWE; Vattenfall; DUH

Dr. Hermann Falk, 26th May 2015
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In the Future, more Flexibility is needed
residual load = load minus RES

pos.Gradient Power Deficit

A
1‘ neg. Gradient i)

Pmax /

Time Power Oversupply

A
[ |

\_'_I

Time Power
Deficit

residual load

Power Oversupply

Source: BET Aachen, Krzikalla, 03/2013
Dr. Hermann Falk, 26th May 2015



Challenges of the Transformation
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Study shows the rational use of the flexibility options

RES 22% 47% 79% ca. 100% ca. 120%
2010 2020 2030 2040 2050
Demand Side | DSM Industrie
Management

Power-to-heat

Reducing RES

Regulated bioenergy
supply

fossil Power Plants

Flexibility options of
existing Power Plants

new CHP

Security power plants
Pumped storage plants
CAES

Batteries
Power to gas

BEE 2014

DSM Haushalte, Gewerbe

Uberschussstrom Zu Warme
Einspeisemanagement Win & PV

Strombedarfsorientierter Einsatz Biogas und feste Biomasse

Strombedarfsorlentlerter Einsatz Blomethan Emselsun ins Erdasnetz

Nutzung bestehender Kraftwerke

FIeX|b|I|tatsste|gerun bestehender NEWNET G durch Retroflt

Neue erX|bIe Kraftwerke

Strom efuhrte KWK

Nutzung Netzersatzanlagen

Pumpspeicher

source:

BET Aachen,
Krzikalla,
03/2013

Drucklftseicher :
Baterieseicher
I Power to Gas (H,) |
Power to Gas (dH4) I

39
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Grid Expension Plan and Progress by the German Grid Agency




Challenges of the Transformation BB!EE{(&’,
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Granted security of supply even with high renewable generation
75 GW

50 GW

25 GW

0GW
10. Aug 03:00 06:00 09:00 12:00 15:00 18:00 21:00

B conv. plants Solar [ Wind [ Water I Biomass
— Electricity Demand

Source: Agora Energiewende 2015

Dr. Hermann Falk, 26th May 2015




Challenges of the Transformation B(!EE&X)

Erneuerbare Energie e.V.

Grid reliability and renewable growth seem to go hand in hand

Minutes of power outages per year (excl. exceptional events), based on SAIDI

-------------------------------------------- US benchmark

\ — Spa]n

/ — UK

France
= [taly
\j w [enmark
== Germany
| I ' | 1
2006 2007 2008 2009 2010

Source: Heir]rjch Boll Stiftung 2013, CEER and own calculation;
Dr. Hermann Falk, 26th May 2015 energytransition.de



Benefits of the Transformation B{!EE&X)
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Half of the installed electr. capacity from RES is in citziens’ hands

Distribution of the owner of the nationwide installed capacity for Electricity
generation from RES installations 2012 (MW 72 900)

project firms
14%

_ the "big four” power
' providers 5%

. " ‘ other power
total: providers 7%

72.900 MW

private individuals
35%

investment funds /
banks 13%

farmers = _al industry 14%
1%
others
1%
Q
Source: trend research; as of: 04/2013 www.renewables-in-germany.de 8';-
- With the RES the variety of participants and the competition in Germany is

rising
Dr. Hermann Falk, 26th May 2015



Challenges of the Transformation B{!EE&X)
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Prospering Example: Energiegenossenschaft Odenwald eG

2.800 members

e 70 installed PV systems -Er,erg L
* participation in 9 wind turbines S T T
e overall capacitiy: 30 MW — Cluster -

* savings of more than 10.500 t CO2 emissions per year

* 36 million Euros invested nearby Odenwald region

Sources: ego-strom.de

Dr. Hermann Falk, 26th May 2015



Challenges of the Transformation B!EEMN)

Erneuerbare Energie e.V.

German Energy Cooperatives — 7 principles

1. Voluntary and Open Membership

* open to all persons able to use their services and willing to accept the responsibilities of
membership

2. Democratic Member Control
* controlled by their members, who actively participate in setting policies and making decisions
* each member has one vote
3. Member Economic Participation
* Members contribute to the capital of their cooperative
4. Autonomy and Independence
* self-help organizations controlled by their members
5. Education, Training, and Information

* Cooperatives provide education so they can contribute effectively to the development of their
cooperatives

6. Cooperation among Cooperatives

* Cooperatives serve their members most effectively by working together
7. Concern for Community

* cooperatives work for the sustainable development of their communities
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4. Conclusion

Dr. Hermann Falk, 26th May 2015
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Rising share of RES leads to new demands and challenges (l)

V1174 Renewables
as dominant

R player

<10% Y LA  Renewables

RES ~ asaniche RES 85 8 Mayor
/ / player

— RES are evolving from a niche to a dominant source of energy leading to
new challenges and requirements for the grid

Dr. Hermann Falk, 26th May 2015
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Rising share of RES leads to new demands and challenges (Il)

Renewables Renewables
Renewables . .
) as a major as dominant
' as aniche
player player

R
No need for fundamental adaptations yet...

e Learn to develop and use forecasts

e Develop processes for information exchange, billing and
accounting for RES

e Potential errors do not (yet) have a noticeable effect on

system
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Rising share of RES leads to new demands and challenges (lll)

Renewables .14  Renewables Renewables
as a niche as a major as dominant
RES player player

e Develop forecasting instruments to improve their accuracy

e Develop grid infrastructure to meet new transport demands (due to new areas of
generation) and as source of flexibility

e |nvestigate ways to reduce “must-run” capacities — RES to deliver ancillary services
(integration into control power markets...)

e Implementation of real-time data exchange and direct steering of RES

e Harmonised European approach to RES policy
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Rising share of RES leads to new demands and challenges (IV)

Renewables Renewables
Renewables . .
) as a major as dominant
as a hiche |
player player

e Develop new market design bringing together RES and complementary conventional power
plants and storage

e  Full steering of conventional plants and RES in emergency situations
e Substantially develop demand-side response

e Enhance real-time cooperation between TSOs and DSOs: data exchange, review roles and
responsibilities

e Develop new business models cross-linking electricity and other energy sectors
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Bundesverband Erneuerbare Energie e. V.
German Renewable Energy Federation

Reinhardtstrasse 18
10117 Berlin
Fon030/2758170-0
Fax 030/2758170-20
www.bee-ev.de
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