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Installed Capacity, 2017 [GW] 203.22 (100%)
Coal 46.34 (22.8%)
LNG 29.50 (14.5%)
Nuclear 10.80 (5.3%)
Oil 4.44 (2.2%)
Solar 42.98 (21.1%)
‘Wind Onshore 50.92 (25.1%)
Wind Offshore 5.26 (2.6%)
Hydro 5.60 (3.8%)
Biomass 7.38 (3.6%)
Total Power Supply, 2017 [TWh] 546.36 (100%)
Coal 216.69 (39.7%)
LNG 46.71 (8.5%)
Nuclear 72.14 (13.2%)
Solar 38.69 (7.1%)
Wind 103.65 (19.0%)
Hydro 20.87(3.8%)
RES share of gross electricity consumption, 2016 31.5%
RES share of gross final energy consumption, 2016 14.8 %
Electricity Grid Length, 2017 ca. 1,735,000 km
Distribution Grid ca. 1,700,000 km
Transmission Grid ca. 35,000 km
Gas Grid Length, 2017 ca. 511,000 km

Average Electricity Prices, 2016
Households 29.33 ct/kWh

Industry 10.83 ct/kWh

* Source: Federal Ministry for Economic Affairs and Energy
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Information and networking event

Taiwan — Smart Grids: Grid integration of renewable energies

German Energy Solutions Initiative of the Federal Ministry for Economic Affairs and Energy

16™ April 2018
Event location: Fraunhofer Institute ICT, Pfinztal-Berghausen

Moderation: Prof. Dr. Jens Tubke

08:45 - 09:00 Registration

Baden-Wurttemberg International (bw-i)

Bettina Klammit, Head of Department International Projects,
09:00 -09:15 Baden-W arttemberg International — p. 38

-Welcoming

- Introduction of the Energy Export Initiative

GTO - German Trade Office Taipei
Linda Blechert, Manager Project Affairs — p. 48
09:15-03:40 - Introduction of the Taiwanese delegation and German
participants
- Intercultural Aspects
Bureau of Energy, Ministry of Economic Affairs, Taiwan R.0O.C
Mr Wu Chih-Wei, Director der Electricity Division — p. 45
Developments and framework conditions of the Smart Grids sector in Taiwan
Photo session

09:40-10:15

10:15 = 10:30 Coffee break and Get-Together
Federal Network Agency for Electricity, Gas, Telecommunications, Posts and
Railway for Economy and Energy

10:30 - 11:00 Peter Stratmann, Head of Department Renewable Energys — p. 43
Smart Grids: Politicalllegal framework conditions and promotional programs
in Germany

Cooperation between central and federal state authorities

Netze BW GmbH
11:00 - 11:30 Dr. Christoph Mdller, Managing Director —» p. 40
Challenges and solution approach of the energy transition in Germany

Fraunhofer Institute for Chemical Technology ICT
11:30-11:45 Prof. Dr. Jens Tubke, Director Applied Electrochemistry — p. 37
Spokesperson Fraunhofer Alliance Battery
Project presentation “RedoxWind™
11:45 - 12:45 Fraunhofer Institute for Chemical Technology ICT
Dr. Stefan Troster, Central Management
Guided Tour through ICT, Discussions

N6N



12:45 - 14:00 Lunch Buffet and Get-Together

C/Sells, Smart Grids — Plattform Baden-Wurttemberg &.V.
Christian Schneider, Senior Researcher C/sells — p. 41

14:00 — 14:30
Cisells - Energy System of the Future in the Southern German Solar Arc
Grid integration of renewable energies
Oli systems GmbH

14:30 — 1500

Dr. Thomas Brenner, Chief Technology Officer — p. 35
Digital, distributed and decarbonized — where Blockchain can provide
solutions for tomorrow’s energy system

15:00 —15:30 Coffee Break

Baden-Wirttemberg Ministry of the Environment,

1530 — 16:00 Climate Protection and the Energy Sector
Dr. Massimo Genoese, Analyst in the Department of Energy Policy — p. 36
Presentation on Demand Side Management as a pilot project in Baden-
Wurtemberg

City of Karlsruhe, Economic promotion, Energy Forum Karlsruhe
Andrea Buahler, Cluster Manager, Technology Transfer Management — p. 35
Recent technologies from research

16:00 — 16:30

Fraunhofer Institute for Systems and Innovation Research (I181)

Dr. Marian Klobasa, Coordinator of the Business Unit Demand Response and
1630 — 17:00 Smart Grids — p. 38

Competence Center Energy Technology and Energy Systems

Technologies for energy storage

- The event will be held in English -

Z " wmALE

(—)Developments and framework conditions of the Smart
Grids sector in Taiwan
Mr Wu Chih-Wei, Director der Electricity Division

Bureau of Energy, Ministry of Economic Affairs, Taiwan
R.O.C

L. Power System of Taiwan @

currently the only one integral state-own utility

power system with 36 GW peak load

Peak Load - 36259 GW Qn7)

Total installed capacity: 42.1 GW

Bl SGdini b & mh A FRm 2 rE ey i
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(—)Smart Grids: Political/legal framework conditions and

promotional programs in Germany - Cooperation between

central and federal state authorities
Peter Stratmann, Head of Department Renewable Energy

Federal Network Agency for Electricity, Gas,
Telecommunications, Posts and Railway for Economy and

Energy
I REPAR N REL BRI S %
AP et ¢ o AR Tk i](energlewende)J _d
A4~ AR 2V OAREEE R RICE o K
A A REBRREL > AN F RN REHESE o A
BPEABIERE BT L A R Y o LR T A
MR M E R ES N ’f&— P AL B SR TP A TR g
OFIELR 2 AR (Bl T % d 2000# 154 g R AR D
304 %~/ R 4c-B3) > e ﬁﬂféi{? VIR P o
gL 4 G R 2 SRR 4 ARR A PR
FAERERRARS S P w - BRgEr 2R Y o PR
RGE20% > L 2w REMRFIRAEL L Tf*ﬁ%c%"
(renewable surcharge) ¥) & 23% > 14 % F 4 % (grid fee) X
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Price for electricity Minutes to work

in €ct/kWh [l Il for one kWh
30 \ s 138
oz \ \ , I 125
20 \ / 112
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1970 19T7s 9130 19ras p 19]95 2000 2005 ZIH
Oil-Crisis Decade of ,Energiewende* (since 2000)
liberalisation Electricity taxation plus RES-
support. 2018 = 30 Billion €/a

W3 1970 ~ 2015 MF R XL F &% R THH H2 1 iFpFm (A 4)
¢ 25~26% > 201722 2018 # {g, | e = T I2F W 1f 4

R oE Ve
P IC 4 T ERCEE T S RN S NS T AE
PoRAAR R R BB Y2

i A 8 b ey ¥ o
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Composition of power price for German households using 3,500 kWh per

ear in 2017 and 2018. [ENERGY]
. 1 (v

Data: BDEW January 2018.

2017 2018
W Acquisition / sales
 Grid fee <t/ kWh ct/kWh
5.71 6.18
= Value-added tax 20% 21%
m Concession fee

w Renewables surcharge
™ Electricity tax
m CHP surcharge

m Other surcharges

@ BYsa40

W 4 2017 2 2018 & {6 B Fge® & TI30F Bt a s FE
ok kR https://www.cleanenergywire.org/factsheets/what-german-households-pay-power
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https://www.cleanenergywire.org/factsheets/what-german-households-pay-power

TAE RS 1991 w2 E & R E TR F
—:H)%, | (Feed-in Tariffs » FIT)4f gt = 34 > :ﬁi HOEEE 4 R
Jaoo 302000 o F F v £ 4 i k2 (Erneubare Energien
Gesetz, EEG/German Renewable Energy Sources Act) » =r
® RFet 2 TP B3 L ik100% 0 d AN A A TR IR
LA AT DR Fé(? i ’«’H«'l{ LNGix ¥ & v )&s -
FIUE R REA O IFRF o % 2006~20184¢, & Fe
fet 2 —Iiﬂ*"‘m\r] ’?gfi‘% B 2013& 11k R
et 2 L3970 3T (Ae ) ) P EAREELE
m R R A A EE T EE T~ 1t 7] 7 3 (Peter Stratmann
T d 2 /o) Flet w TSR DFE S T AR
AL g id = P REH A e BE

Sz . . CL
Composition of average power price in ct/kWh for a German household =
using 3,500 kWh per year, 2006 - 2018. Wire]

Data: BDEW January 2017.
35.00 ~
30.00 1 2884 29.14 2928 29.42
2523 2589 ges 208 2.05
25.00 - 23.69 g e
21.65 i = = = 5.28
19.46 e Pe3: :
o0 " B B B 2.0 e .66
i = 1.66 1.66 1.66 58
E 0.88 : 1.66 bt = b 413 Y 4.65 458 470
T 1500 | B e 46 : 460 467 5
2.68 :
5.73 5.86 592 6.14 6.64 6.63
10.00 1 e 5P B & B B
6.93
5.00 1 524 16} o1 8.1
« 7.
4.92) B0 i i e /-0 6.2 5.71 6.1
0.00 -
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
B Acquisition / sales Grid fee Value-added tax m Concession fee
® Renewables surcharge W Electricity tax W CHP surcharge m Other surcharges
@ BYSA40

®5 2006~20184L B de* = LT § e Fl &

TR kR https://www.cleanenergywire.org/factsheets/what-german-households-pay-power



https://www.cleanenergywire.org/factsheets/what-german-households-pay-power

() Challenges and solution approach of the energy transition

in Germany

Dr. Christoph Midiller, Managing Director

Executive Director of Concessions & Finance
Spokesperson of the Management BoardNetze BW GmbH

MR R 4 B Frenecd 2 B 0 (515 1998 18 Wi i
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Impacts of the Energiewende

Ve
Renewable power production in Germany M Netze BW

120

100

[+2]
o

[=2]
o

S
o

Installed capacity [GW]

e
o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

m Solar @ Hydro B Wind onshore B Wind offshore ~ EGeothermal @ Biomass

u‘ Installed capacity in renewable power production exceeds conventional capacities

Challenges and solution approach of the energy transition in Germany - April 16th 2018 - Dr. Christoph Miller 4

B17 2000~201746 W& 4 s A5 T 5 2 &
(42 &R : Dr. Christoph Mller f§ 7 3 #1)

MR REAFET = 174 2O F2012~2017 #
2 R F AL R8 o

Impacts of the Energiewende

" %
Financially challenging years for Germany's energy utilities N Netze BW

Development of net income

[Bill. EUR]
5.000 -,

-5.000 -

!
]

-10.000 -|

-15.000 -|

-20.000 -
year 2012 2013 2014 2015 2016 2017

Heon [ | EnBW

Challenges and solution approach of the energy transition in Germany - April 18th 2018 - Dr. Christoph Miller 10

F8 2012~2017& B = + T4 22 2 4 fciE 1 F
(F#L %k :Dr. Christoph Muller i 47 7 #%)



T R RS 7 (EnBw) B R ¥ 3% e R B
PoAgREFd sodEy 0 g 8 ﬁ;fj s fefr g

FETE i’ﬁ*"t’ﬁ EEIIC PN o R

R RER S PR R (B9 7 AR 2w

5 ’ maw Kmis o LT A E a0
)~ Bl L M EnBWE R i R J

@?ﬁ%§’#%*9Wﬁﬂ%§%

O % - pef(a miEA1.0) : 4531991 # » X tgA L H
ﬁ%%ﬁ*’ ARG e HRBEL LR RET
(B REOBRHFR) B3NP g T EH - FHBR
YA e FBAARTARERBEE TR

(A g ) 2.0) 140302017 & A K 2 4

L4 BE A RD B L HRAIRT I

bl
®
= FEE
Rl i
BN (e BB AP T ) Bt EATE
%
S

a4

fﬂ‘%*% L‘\

% T\('E”‘ At B R AIME) 0 B AIET
A E R 4 F oo

’
b
(2

3
%
TR T

gh’ﬂ

-
i N
The two phases of the Energiewende N Netze BW

Energiewende 1.0 O

Sector coupling Energy supply widely

Expansion of renewable energies electrification of heat 5
— and transport decarbonized
Exit from nuclear power
Bl Decline in economic importance of
W _conventional power generation Dig'tization
Expansion of electricity/gas grids
w oF yigasg O
L Fi
irst -
Decommissioning of ® unsubsidized Energlewende 2.0
Phase- first lignite plants Offshore wind Increased competitiveness and market
out of (until 2023) farm W integration of renewable energies

nuclear Technical innovations driving new

Start RES decided WY business models (e.g. e-mobility)
ppor Digitization and network energy

s t W _solutions (e.qg. smart grids)

Q Customer needs: individualization and

W transaction simplicity

The first phase of the Energiewende in Germany started in 1991 and had deep
impacts on the whole energy system and the utilities’ business models

Challenges and solution approach of the energy transition in Germany - April 18th 2012 - Dr. Christoph Miiller 3
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Project presentation “RedoxWind”

Prof. Dr. Jens Ttubke, Director Applied Electrochemistry
Fraunhofer Institute for Chemical Technology ICT

LWL A L § AR B RS
PREFLBHE > 2010498 5 g T ;{80 Iy
Fend % 7 T LI N
# 3 “r(Fraunhofer Institute for Chemlcal Technology,
Fraunhofer ICT) 5 £ # 3 ﬁﬁ#;~ LS T T ARE A
CEPRBEIAE B AT AR BRI R

Dr. Jens Tubke 4 % q’? i B R F RZRTT» (Redox
Flow battery) x st > it & & ¥ & (Reduction-oxidation
reaction, Redox)-ﬁLé 3 LERBIeRRE Bt o &7 7
A by P ERERREF A FVPERRRANEER
PriiTo i 38e 7 BRE-H Y ETE M ERH

, 2 Yk DR 1 2N T =X
Ar s RERFAT R R B o gl

\\\Xr

Advantages Membrane

flexible design (power and energy) \

modular design

long calendar life, excellent
cycle ability (> 10.000)

fast response time (ps — ms) Electrolyte | (D
high efficiency (>75 %)

A
over charge and over discharge
tolerant Pump Pump
low self discharge rate ¥ \-

cost advantage for high

energy systems Power source/load

®10 % B R F BiRir % # (Redox Flow battery) & stz 32 &2 ig gl
(F°#L %k : Dr. Jens Tubke f 37 7 42)

Electrode Electrode

(O | Electrolyte




A d Bk A X ARFRRBINPLEDT R UE
%-(membrane) i B o & &1 3 A d Hir A
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Fuel tank

Local production Local
production

Central Central
production L
production

Fueling station

r = Battery
*  Fuel cell
= Internal

Charging station engine

W1l ¥ R R F Bk T # (Redox Flow battery) % st 12 22 i 2L
(7 %k : Dr. Jens Tiibke i 47 7 #L)

Fraunhofer ICT=7""RedoxWind” #4232+ 4 1 & (%iE
E — B 2MW/20MWh 3 i B B & % i © # (Redox
Flow battery) & 3t » * M5 52MWR + # T 22 2 o5
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() Guided Tour through ICT, Discussions

Dr. Stefan Troster, Central Management
Fraunhofer Institute for Chemical Technology ICT

FH5P2MWE 4 F L ez 5 L ERF BRI
% 7 (Redox Flow battery) ,x %t(4- B 12~15) o

®12 Fraunhofer ICT 5 ¢ &
(38 %R : Dr. Jens Tubke f§ 47 7 #L)

BI13 %3+ h 82 3 i“ B R F ks T4 (Redox Flow battery) i st



F15 § B R 5 ik in 2 (Redox Flow battery) & ¢
(F 4L %k : Dr. Stefan Troster i 47 3 #2)

() C/sells - Energy System of the Future in the Southern

German Solar Arc - Grid integration of renewable energies
Christian Schneider, Senior Researcher C/sells

C/Sells, Smart Grids — Plattform Baden-Wirttemberg e.V.
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Christian Schneider 4 % C /4) & (C/Sells):+ & >

AR ED &7 FR(A-BI16) A kT 4 Q%’aﬂ;&%g”;}{;
# B 7 #-(Futures Market) ~ 38§ # 3-(Spot Market) ~ & %t
PRF%T 3~ H-¢b % & 3 H-(over-the-counter, OTC) °

Blueprint of the Energy Transition #SINTEG y

‘ Futures Market Spot Market ‘

‘ System Service Market }A .{ Aggregator ), ,,,,, + oTe ‘

4

+

o OO [T e

Staudinger LSS Prosumer, E-Car
Groftkrotzenburg

Neckarwestheim

Philippsburg

Grundremmingen

FI16 A& T %43 EF
(F#% &R : Christian Schneider f§ 3% 7 1)
C/at 8 (ClSells)dx * s ;N B~ %22 § A 5L = &

R RAFEA LA TET R E BB RS EE LS
%1 2 (4B 17~E18) *

W

C/sells — The Instruments & sintec ‘?bwlfs

Clsells C/sells 30+ Demonstration Cells
Approach Basic Instruments 9 Partizipation Cells

Cellular @ Infrastructure 3:

Information System (IIS) Y
Participative L ]
@ Smart grid coordination

Diverse . : %

® Regionalised Y -3
trading with energy gg. e
and flexibili g o*

ty % o o

Energy transition goals of the German Federal Government
Bl17 Clsellsetr 4 > 221 &
(42 &R : Christian Schneider f§ 3% 3 #)



Infrastructure Information System (lIS) &SINTEG &SGIS

Cisells Busienss Models, Markets, ... Business Layer

Function Layer

Information Layer

Communication Layer

Component Layer

®
3
g
i
&
£

W18 X RAFE T 4 A AT k5
(342 %k : Christian Schneider f§ 7 7 #42)

Even simple Processes are complex — Gfsm“_q &sels
and will become IT-driven

Clsells Use Case ,Flexibility Sales and Action*

Command
Open TLS-
Channel ! Ask: Switch Option
Command: Switch

Provide: Address
Open TLS e Addressy

Infos

Ask: Address Infos

Ask: Flex-
information ‘ ‘ Provide: Flex-Infermation

1

W19 A RAFED B 4-¢ 21T % Spbe 47 fein A2
(F 4L %k : Christian Schneider f§ 47 7 #42)

Manual Grid Coordination & sinec &sells

Current process for the coordination between TSO and DSO

Transmission Consumer/
Grid Operator Prosumer/

>
o
o

Decentralized
Producer

System
Operator ik L=

Grid
Operator
2. Level

B20 B e A 1 EL S Vi FTSO2 DSORL 3 i 42



(F 4L %R : Christian Schneider i 47 7 #)

Fully Automated — Smart Grid Coordination & sinree '\?UU“J

Future Smart Grid Coordination
B
TR

Grid Operator
2. Levd

Grid Operator

1. Levd

Transmission
System

Operator

Kaskadenprozess

# Establishment and implementation of a Traffic Light Concept

# Monitioring of the current grid situation, evaluating possible
measures (according to § 13 (1) EnNWG), visualisation for the
coordination center

« Cascade Prozess: (according o § 13 (2) ENG)
B2l A kA ET g 2 p #2 NiE FTSO% DSO: 3 Jn 42
(3542 %k : Christian Schneider f§ 47 7 #2)
A RATE T @R IT k Bpde 4f eI A2 (40 B119) » &
d 3L LAY > p B ViR 7 TSO DSO 5 3
(4rB]20~21) » X 1 H P H AW FFEFT L (40B22) o
Regionalised Trading
Central
markets/

electnicity
exchange

System
Operator

Regional o ry s e
Market g4 Regionalized ‘@ Marker
Services/ Products

O o O

Market

O

Fl22 R H 3 FFEiFE
(742 %k : Christian Schneider f§ 47 7 #2)



(7%) Digital, distributed and decarbonized — where Blockchain

can provide solutions for tomorrow’s energy system
Dr. Thomas Brenner, Chief Technology Officer
Oli Systems GmbH
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\

Energy transition:
from 8.000 central power
plants to currently
1,6 million prosumers

and counting

Digitalization

800 utilities are
losing their traditional
business models
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Optimization in the
cloud

P2P trading
(rwg\on al

Connectivity and data management via OLI blackchain

24 OLIfE * T b4t i J2 it (= 8k BL(P2P)" 5 4p:d 12
(7 %k : Dr. Thomas Brenner i 47 7 #)
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i

ﬁ\\d Transport Z \ﬂ

ﬁ/ Distribution

Sales
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(F 4L % & : Dr. Thomas Brenner f 4% 3 #1)



() Presentation on Demand Side Management as a pilot

project in Baden-Wurtemberg

Dr. Massimo Genoese, Analyst in the Department of Energy
Policy

Baden-Wirttemberg Ministry of the Environment, Climate
Protection and the Energy Sector
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the smart energy village
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N . ¥ - T User Interface ' Backup Generator,
Off-Grid Mode (Microgrid) 00 I @) .- Wipoldones (1) 500 kVA

:))) SICAM - o ! Diesel Generator with Vegetable
o ﬁ Microgrid Controller {\ch E e Qil Operation, 90 kVA

Station

/
om Load bank, 0 — 150 kW
Gunzacher
Diesel- controllable
o generators (G o Salzstraiie - PP,
. m o | l Controllable Distribution
Q ‘Sponplatz \‘ e E Transformer, 3 steps, 400 kVA
Isolated Tes Jooicet: ices} b8 0’ Battery Storage,
== . 4 240 KVA 160 kWh

p———

~ i
e = e o Transformer Station
Battery II PV/Load Simulation A
Storage Iéaa:: o Intelligent Transformer
System P Substation, 9 steps, 400 kVA

eii Inverter Coupling, 500 kVA
’ Ir !E Q @ oa Microgrid Controller

m Active Network Management
Spectrum Power 5 ANM System

On-Grid Mode (Ancillary Services) QIM Communication
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Balancing
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Wind
Peak
avoidance
—
s A .
Infrastructure \ / Diesell Gas
[ ) -®
Distributed
Optimization Photovoltaik P‘ Industry
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Grid Control

/7 @

CO2 & cost
avoidance

)

ol

Loss
prevention
ALERT!

1-
Network
Planning
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Digitalisation of existing grids Measuring concepts Data gathering & evaluation
Strategic grid planning: Data transfer
AT G AT e
Grid slimubaior Data evaluation Auditing in accordance
LS, X & live visualisation with legal requirements
Integration of renewable Individual software adaptation Individual load management
energles, electromobility

& controlable components

B132 egrid 2> @ &IRENE2 3+ 4/ 5 & %

Storage dimensioning

Swarm storage solutions

Project coordination
& operation of
storage systegiS
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= 1996 New mayor and village council
= 1998 Brainstorming weekend
= 1999 Public survey
= 2000 first “EEG” law in Germany
= 2000 Development of a village concept
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since 1999

Local

Energy resources Water

Renewable

Energy Maximal Use of
production local

Protection of
drinking water
+
ecological
wastewater
treatment

+ wood for

Max. Energy- constructions
Saving
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(Ecological three plllar approach)
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Biomass

Citizens

participation

and private

ownership

Storage

systems
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Smart Technologies

Energy Mobility Storage

(ﬂd\

Renewable

Electricity Storage

Generation

+

Energy Saving Heat Storage
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(The three main sectors of energy )

SR RARKLEDE7 R EAF T AL BE RT
45 g 1102050 E R E 4 i RIET R L 80% T T 4 -



BIF > ZEFETREDS AA SR FTER L 4 Lk
F]pt o 52011F]2013 £ FF > MEALA R FLHD BT I -
g%%§£?4éﬁgﬁ’%ﬁ‘ B A E R R A
(IRENE) - #7 £+ 91000F &~ » xR 5%

Lkp 3L AR TR R FERT

= »
o

L
\\E_ N\

Ay

=

gt
o+

-

=

fae

wl, ;\Jf-\_‘:
\\\?{r

\\‘s_“_

W R

@y o
b

I
*#

S - RN IE I zanwr:ﬁza.@s ﬁ:
L
i

&l

'E‘Sf\f

EI

{m -
-

3

gl

W

W

—

<

N

I

=T

34 M-
OB O4%

4y
R ST

el
@
N
-
3l
P
i
)
=i
I e
A%
;E-\%\

7,
2, b
4 L 40
w

"
fak
gl
3
I
Nl

F_*.
N
=y
n
etk
(o
B
§
o
PO
&R
M-
il
il wr_ﬂ‘ T --':a\;

Micro-Grid-
Controller

Bi-direktionale
Ladestation fiir
E-Fahrzeuge

Transformatoren- Smart Meter
Uberwachungs- UL WY
Station ~

B 40 % - ¥ A7 24T %3 4 (IRENE)

$—$¢ﬁ§&?$?30mmﬂé Ris o L ga M3
£IFETIRENE2MTE TR % » W< B AT ~ b 4 %

~—



E“é*

FARINAL THEE L EL
jﬁ% ’fﬁﬁ;‘-ﬁé\ff 7 hiE _Er_ﬁxfifb'
TRTVEPHTF TN BT

MR e %%% ) 3 e
-} N =

RS g W Y EL 2

Wildpoldsried =The Energy Village
Renewable Pomﬁeneri}Fl ~Data from the Research Project IREN2

~ Current Measurement
17:40:36

Generation 3.088 kW

Wildpoldsried

corresponds power currently

consumption of supplies itself

electricity for
+356% additional
gfp Photovoltaic 4,5-times i
G
= Biogas
ST 68.7% Wind 6 renewable

— ouseho
2

! ]
Son. on. %% <05, Yon.

Energy Balance +2.407 kW

corresponds
Power Mix

Yesterday

Thursday, 14/06/18
Generation 42.648 kWh

Energy Balance +143% corresponds
corresponds saving of Wll@poldsned supplied electricity for
Energy Mix itself yesterday Energy Balance additional
pee—— <
. 2 42,648
o Photovoltaic 2/4-times o 40 g
’ Biogas 5 17,527
54% ; renewable B 20
o Wind 3
o
g = o
S Generation Consumption
Last Month
May 2018
Generation 2.276.497 KWh N . N Energy Balance +#292%
) Wildpoldsried supplied o mrm,sl',m"ds
corresponds saving of taclf last month electricity for
Energy Mix ] “ Energy Balance additional
3,9-times = 2,276,497
2a% Wind H
53% Phatovoltaic renewable s
23% Biogas S
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" Education of
* electro-technics
* energy-technics
* pv-technics

* storage-technics

® Fundamentals for:

* small island
solutions

* small businesses

Bl 42 ARk RIS R EE 2 0 RIp M IR

educations and trainings for
communities, countries and
I ' universities ...
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Market leader for energy storage systems.

26%
Market share of battery storage
systems worldwide.
(1st half of 2016).
. sonnen SMA 1%
[ = : b
e [ Fronive 39
. Senec Solarwatt
4%
Tesla GCL-SI
E3/DC Others 5%

5%

Source: EuPD Research
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I ~ Energy park Hirschaid
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wind technology solar technology solar lighting groundwater E-Mobility
heat pump

= more than 20 renewable energy technologies
= autarkic conference- and exhibition building
= energy saving measures

= sustainable architecture

Winner of EU-Green Building award 2014
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E-Mobility at the Airpo

144 charging points

136 charging points
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Instalied charging power
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Lot 33 charging points : : ! ; ‘
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DC CHAdeMO DC CCS

AC Type 2 -
(Combined Charging System)

Conventional AC
Charging for Europe
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https://www.phoenixcontact.com/online/portal/us?1dmy&urile=wcm:path:/usen/web/main/products/subcategory_pages/Charging_systems_P-29-03/3f34965c-f842-4adc-a9f6-28126dc0a51a/3f34965c-f842-4adc-a9f6-28126dc0a51a
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Site Selection & Devel Tender & Planning & Construction & Gfithancing & Sales Operations &
Acqulsmon Approval Tariff Purchasing Connection Service
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Flatwater in Nebraska, USA / 60 MW (40 turbines) ~ Kirchberg in Germany / 52.9 MW (23 turbines)

Guanacaste in Costa Rica / 49.5 MW (55 turbines) Oberkochen in Germany / 9.6 MW (4 turbines)



Hydro power
21.0 billion kKWh
(3.2%)

Photovoltaics
36.2 billion kWh
(5.9%)

Renewable
Energies:

188.3 billion KWh
(29.0%)

Biomass
51.6 billion kWh
(7.9%)

wind (offshore)
12.4 billion KWh
(1.9%)

Wind (onshore)
65.0 billion kWh
(10.0%)

Total capacity : Around 4,400 megawatt
(approx. 2,500 systems)

Our Vision : 100% Renewable Energies
Our Impetus : Passionately work together to
implement renewable energies economically
and reliably.

Projects : Wind Energy ~ Solar Energy ~
on-grid / off-grid ~ Hybrid systems (wind /
solar + storage)

Operations : Technical & Commercial ~
Operations & Maintenance

Annual energy output : Approx. 7.7 billion
kilowatt-hours, corresponds to the annual
power demand of more than 2.5 million
households
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Kennzahlen zur Freiflachen-Photovoltaikanlage in Worrstadt
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zur Windenergie in Waorrstadt

Kennzahlen

Leistung pro Anlage
Nabenhdhe
Rotordurchmesser

- Rotordrehzahl
Gewicht eines Rotorblattes
Gewicht des Rotors (inkl. Blatter)
Gewicht der Gondel (ohne Rotor)
Gewicht des Turmes
GroBe des Fundamentes
Gewicht des Fundamentes

Beginn der Suomprodukuon

Stun'nabschaltung
Banutzungsswnden

Juwis % H

15 5t ic £

8MW > e # g % 2
-+ 2MW > %@6MW%? ;F:

p—
_zmo/ 2300 Kilowatt
138 Meter
82 Meter
6-195 Umdrehunggn pro Minute
ca. 8 Tonnen
ca. 49; 5 Tonnen
ca. 60 Tonnen
ca.l 700 Tonnen (93% Betonteil, 7% Stahiteil)
345 Meter tief/ 2230 Meter im Dui er
ca. 1.800 Tonnen (davon ca. 50 Tonnen Stahl)
(Windstérke 1= 2)

ca. 2,5 Meter pro Sekunde
ca. 35 Meter pro Sekunde (Windstarke 1n-12

ca. 8.000 Stunden pro Jahr
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Solar output follows irradation jUWi

16 =f=1600——

Mw Wim2

Black = Site load

Orange = Irradiation
8 ——o00——

Green ¥ Solar

04:00 06:00 I]El Ell] 10: I]I] 13: IJI] 14: IJIJ 16: I]El 18: I]I] 20: D[)
11 Nov 2017
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| BNEF litnium-ion battery price survey, 2010-16 (SIkWh) |
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Solar smoothing — fast response of batteries jUWi
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Gensets provide additional spinning reserve jUWi
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Energy Lab 2.0 @ KIT
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Smart Energies System Simulation and Control Center (SEnSSiCC)
- Data Analysis
- Smart Grid Lab and Real-Time Simulation
- Microgrid with Grid-Control
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