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http://commons.wikimedia.org/wiki/File:Uptown_Waterloo,_Ontario.jpg
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® Introduction to KIT
® German Energy Turnaround (‘Deutsche Energiewende’)
® Research into Storage, Efficiency, Renewables, Fission / Fusion

® Europe Energy Perspectives

Deutschland
Land der Ideen
L 23 L E-3 B

Germany: Land of Traditions, Land of Progress, Land of Ideas!
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® Introduction to KIT *

C
™

Since 1825

KfK

Since 1956 1 I
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® Mission of a state university with research

® Mission of a national research institution of

KIT — One Institution, Two Missions ﬂ(IT

Karlsruhe Institute of Technology

and teaching

the Helmholtz Association with program
oriented provident research
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KIT in Figures QAT

Karlsruhe Institute of Technology

Employees

980 23,
373

Professors

Annual Budget in Million
Euros
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KIT is Research, Higher Education and Innovation ﬂ("‘

Karlsruhe Institute of Technology

Research

From fundamental questions to
specific applications in energy,
environment, future technologies
and society

Higher Education

Research oriented teaching in a
stimulating environment for the
elites of tomorrow

Innovation

New products, processes and
services to shape the future of
our society
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Strategic Orientation: Main Research Fields ﬂ(IT

Karlsruhe Institute of Technology

Energy Environment
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Fundamental Questions Society and Technology
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Karlsruhe Institute of Technology

® German Energy Turnaround (‘Deutsche Energiewende’)

ENERGIEKONZEPT 2050

Energiewende kommt Quelle:

http://http://www.bundesregierung.de/Webs/Breg
/DE/Energiekonzept/energiekonzept.html
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Three Events dated March 11, 2011: ﬂ(l'l'
Earthquake, Tsunami, Severe Accident in four NPPs e

® 15.800 casualties, more than 3.000 people missing
® 15.000 buildings distroyed

® 340.000 people had to leave their homes

® 87.000 people fled due to releases of radioactivity
® 53.000 existing container houses today

Quelle Fotos: http://www.stern.de/panoramal/japan-am-jahrestag-der-tsunami-
katastrophe-ein-land-haelt-inne-1798333
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11.3.2011: Fukushima — The German Reaction ﬂ("‘

Karlsruhe Institute of Technology

Block 4 Block 3 Block 2 Block 1

www.n-tv.de — ap, dpa

® Immediate shutdown of older NPPs in Germany

® Performance of stress tests in Germany and Europe

® ,Ethic Commission‘in Germany, nominated by Chancellor A. Merkel
® Phase-out of nuclear power in Germany until 2022
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Development of Renewable Energies for Electricity \\‘(IT
Production in Connection with Decisions on the o oy
European and German Level

“The revolution must start now!” EURGPEAN COUNGIL 4 February 2011

“Within the framework of the necessary reductions in industrialized countries as a
group, EU has committed to reduce its greenhouse gas emissions to 80 to 95 %
below the level of 1990 until 2050... Decarbonization is possible and may be

cheaper as current political concepts in the long term.”

INFORMATION OF TEH COMMISSION
“Energy roadmap 2050“, December 15, 2011

EU targets for electricity from renewable energies: 19% — 34% — 60%...97%
2010 — 2020 — 2050

“The Way towards Energy Of the Future“ Government declaration, June 9, 2011

“‘Renewable energies are to become the central pillar of future energy supply ...
If we take this way towards the energy of the future,
opportunities will be much bigger than the risks.*

Federal objectives for electricity from renewable energies: 17% — 35% — 80%

2010 — 2020 — 2050
Source: PK ZSW mit UM Untersteller 09.01.2012
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Germany’s New Energy Policy R ‘ Bundesregerung _\\J(IT

ttttttttttttttttttt f Technology

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

B Restructuring of the energy system required to allow the transition to a
new energy era (‘Energiewende’).

® Introduction of a long-term Energy Concept (September 2010).

® 80% cut of green-house gas emissions by 2050 compared to 1990.
Renewables to supply the bulk of German energy in the future.
50% reduction of primary energy consumption by 2050.
Final energy consumption in the transport sector to be reduced by 40%
in 2050 compared to 2005.
2.1% annual increase in energy productivity relative to final energy
consumption.

® Adoption of a comprehensive legislative package, known as
Energy Package (Summer 2011).

12 Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo Chief Science Officer (CSO-4)
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Germany’s New Energy Policy R ‘ Bundesregerung _\\J(IT

Karlsruhe Institute of Technology

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

® Adoption of a comprehensive legislative package, known as
Energy Package (Summer 2011).

Act to restructure the Legal Framework for the Promotion of Electricity
Generation from Renewable Energy Sources (EEG).

Act on Measures to Accelerate the Expansion of the Electricity Grid
(NABEG).

Act to Restructure Provisions of the Energy Industry Act (EnNWGANdG)
Act Amending the Act to Establish a Special Energy and Climate Fund
(EKFG-AndG)

Fourth Ordinance amending the Ordinance on the Award of Public-sector
Contracts

13t Act to Amend the Atomic Energy Act (AtomG)

Act Strengthening Climate-Friendly Measures in Towns and Municipalities

Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo Chief Science Officer (CSO-4)



Energy Concept of German Government 2010

(Basic Scenario)

636,5 TWh

86%

91,3 TWh &y

Electricity Efficiency German
production increase by Imports
2008 2050 2050

German
production
2050
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Karlsruhe Institute of Technology

- Renewable energies
B Konventionel production
[ ] Basic scenario data
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Electricity Generation in Germany 2012 ﬂ(IT

Karlsruhe Institute of Technology

B Renewable Energies: 22%
® Wind 7,4%

Biomass 5,8%

Hydro 3,4%

Solar 4,5%

Municipal Waste 0,8%

3%
M Lignite
M Bituminous Coal
i Nuclear Power
M Natural Gas
M Mineral Oil

i Renewable Energies
i Others

Source: AG Energiebilanzen, 14.2.2013
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Bundesregierung

SR | D New Energy for Germany (10/2011) ﬂ("'
www.bundesregierung.de (1/2)

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

® Renewable electricity share: Goal 2020 = 35%, Goal 2050 = 80%.
® Last German NPP will shut down at the end of 2022.

® Transitionally increased electricity from coal and gas to keep electricity
secure and affordable.
Modernisation of existing plants, fast completion of new plants.

Construction of large wind parks.
® Support of biomass technologies.

Source:
http://de.wikipedia.org/wiki/Liste _der_Offshore-
Windparks
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7 ) [H— New Energy for Qermany (10/2011) ﬁ("'
www.bundesregierung.de (2/2)

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

B To store electricity generated from renewables, there is a need for
further pumped-storage hydropower plants.
In parallel, research into new storage technologies will be funded.

B Fast enlargement of the electricity grid in order to distribute electricity
from wind parks and to make up for decentralised production.
Public hearing of citizens who are concerned due to new power lines.

® Energetic renovation and s ar
modernisation of buildings:

Increase of programme funds
for CO,-efficient buildings. oo

http://hallo.news352.lu/edito-77382-rieseninvest-in-die- &
stromautobahn.html
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Fundamental New Challenges to Our Energy System ﬂ(IT

Karlsruhe Institute of Technology

® From point to area Energie

flir Deutschland

® From central to decentralised

® From direct consumption to storage; i.e. consumer attitude
follows energy offers

® Consumer actively controls and provides energy services

Source Fotos: http://www.solar-energie-boden.de and http://www.sonnenfluesterer.de
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Selected Electricity Data for Germany (2011)

® Annual peak load electricity: 80 GW
® Installed electricity capacity: 160 GW
® Reliably available capacity: 93 GW

® Thereof based on renewable energies: 12 GW

AT

Karlsruhe Institute of Technology

® Annual full load hours:

® Nuclear energy 7,330 hours
Lignite 6,600 hours
Biomass
Wind
Photovoltaics

1,380 hours
900 hours

Source Fotos: http://d1.stern.de/bilder/stern 5/wirtschaft/2011/KW41/energiesparen/erneuerbare fitwidth 489.jpg

http://www.enbw.com/unternehmen/konzern/energieerzeuqung/kernenergie/standorte.html
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EEX: Wind Energy in Germany (01/2010-02/2013)

EEX Windenergie

35.000MW
Nennleistung Wind

30.000 MW

25.000MW

20.000MW

15.000MW

 10.000MW

Einspeiseleistung und Nennleistung (MW)

5.000MW

oMW

=
(=]

2010

Datenquelle ;: Leipziger Strombdrse EEX

2.10.2013

AKIT

Karlsruhe Institute of Technology

minimale maximale installierte | Mittelwert
Windjahr Einspeisung Mitte hwert Einspeisung Leistung /
Jahresende Leistung |
2010 121MW 4.089MW| 21.498MW| 27.07ZMW 15,10%
2011 aamw S.051IMW|  22.656MW|  29.262MW 17,26%
2012 13sMwW 5. 226MW|  24.021MW|  31.330MW 16,68%

8
=

Feb

Jan
Mrz
Apr

s

Jun

B Stundenganglinie der Einspeiseleistung Wind

2 ¥
=

2011

Aufldsung: Stundenwerte

Quelle: Leipzig Electricity Stock Exchange EEX; Karl Linnenfelser
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EEX: PV Energy in Germany (01/2010-02/2013)

AKIT

Karlsruhe Institute of Technology

. Stunden mit — R—— installierte | Mittelwert
E Ex So Ia rene rgle Solar Jahr omMw Ei . Mittelwert Ei . Leistung /
Einspeisung i mspelsung Jahresende Leistung
B . 2010 1.9785td oMW 1491MW| 11.892MW| 17.460MW B,54%
35.000Mw - Nennleistung Solar 2011|  3.8065td oMw|  2.774Mw| 17.529MW| 24.637MW 11,26%
2012 3.7575td oMW 3.124MW| 27.296MW|  31.042MW 10,07%
30.000MW BRRS——

25.000MW

20.000MW

15.000MW

10.000MW

5.000MW

Einspeiseleistung und Nennleistung (MW)

oMw

B
i

W Stundenganglinie der Einspeiseleistung Solar

HJ i Il‘ll"] i

d
YTy

| HHI"HIJM il

|
§833% 8 Eé"z‘.ﬁ?%‘&%ig 53 8§ 28 83
2010 2011 2012 2013

Datenquelle: Leipziger Strombirse EEX

Auflosung: Stundenwerte

Darstellung: Rolf Schuster

Quelle: Leipzig Electricity Stock Exchange EEX; Karl Linnenfelser
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EEX: Wind & PV Energy in Germany (01/2010-02/2013)

AKIT

Karlsruhe Institute of Technology

. . Wind + Sol inimal imal installierte | Mittelwert
EEX Wind + Solarenergie nd + Solar| minimale | yoiwert | MM | oictung /
Jahr Einspeisung Einspeisung .
Jahresende Leistung |
Tp— 2010 127MW|  5.580MW| 24.072MW| 44.532MW 12,55%
Nennleistung Wind + Solar 2011 210MW|  7.824MW| 31.652MW| 53.899MW 14,52%
2012 180MW|  2.344MW| 31.799MW| 62.372MW 13,38%

60.000MW

50.000MW

40.000MW

30.000MW

20.000MW

Einspeiseleistung und Nennleistung (MW)

10.000MW
R V‘ I !
onw i ‘
223353858 ¢
2010
Datenquelle : Leipziger Strombdrse EEX

2.10.2013

22532353 :%3
2011
Auflésung: Stundenwerte

Quelle: Leipzig Electricity Stock Exchange EEX; Karl Linnenfelser

M Stundenganglinie der Einspeiseleistung Wind + Solar

Jan
Feb
Mrz
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Electricity Prices for Private Households in
Germany
® Some 20 billion Euro in 2013 to be paid by end-consumers due to EEG Act

(Renewable Energies Act).
® Thisis 5.277€Cent per kWh in 2013 (2012: 3.592 €Cent per kWh).

Electricity tariff [Cent/kWh]

2.10.2013

25
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15
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i ot
] . 16"/ 3" .

—

p—

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

B Erzeugung, Transport, Vertrieb BEKonzessionsabgabe BSirEG/EEG mKWK-G

Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo

m Stromsteuer

Generation and

AT

Karlsruhe Institute of Technology

Groth rate
1998 bis 2011

Total: 46%

Taxes and
Subsidies
170%

Distribution
5%

Quelle: Bundesverband der Energie- und Wasserwirtschaft (BDEW)

OMwSt.
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Urgent Questions ﬂ(IT

Karlsruhe Institute of Technology

® Is the public willing to pay for the ‘Energiewende’?
® Is the public willing to change its habits?

® What about security of supply?
® What about Germany‘s competitiveness?
® What about our neighbours?

® Can research provide innovative
solutions in time?

http://de.123rf.com/photo_7659991_amsterdam-august-19-2010-crowds-on-the-quay-visit-the-
tall-ships-at-sail-2010-in-amsterdam-holland-o.html
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Content QAT

Karlsruhe Institute of Technology

® Research into Storage, Efficiency, Renewables, Fission / Fusion

25 2.10.2013  Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo Chief Science Officer (CSO-4)



Major Energy Research Topics at KIT Energy Center ﬂ(IT

Karlsruhe Institute of Technology

Sto rag €, Srce:
Celitement faciltiy efficien cy networks, Schluchsee plant
systems

Ren ewab I e Source: biolig plant
Energies ‘

Read more: http://www.energy.kit.edu/

26 2.10.2013  Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo Chief Science Officer (CSO-4)



R | 25 sosrogenng 1VEW Energy for Germany (10/2011) QT
www.bundesregierung.de (1/2) e e

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

® Renewable electricity share: Goal 2020 = 35%, Goal 2050 = 80%.
® Last German NPP will shut down at the end of 2022.

® Transitionally increased electricity from coal and gas to keep electricity
secure and affordable.
Modernisation of existing plants, fast completion of new plants.

Construction of large wind parks.
® Support of biomass technologies.

Source: Getty Images
http://www.spiegel.de/wirtschaft/unternehmen/bil
d-867202-209317.html
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Wind Offshore: Strategy & Portfolio of EnBW ﬂ(IT

Karlsruhe Institute of Technology

EnBW

® Erection of wind farms in North Sea and Baltic Sea.

B Stepwise increase of degree of difficulty, I.e.:
Water depth, distance from land, turbine size, turbine number.

EnBW Windpark EnBW Windpark EnBW Windpark EnBW Windpark

Baltic 1 Baltic 2 Haohe See Hohe Dreiht

Distance from land 16 km 32 km 85 km 22 km

Water depth 18 m 30 m 39 m 39 m

Turbine/Park size 2,3 /48,3 MWel 3.6/ ~288 MWel 5-& [ ~4-500 Mwel 5-& f ~4-TOD MWel
2010 2013 2014 2016

Source: EnBW November 2011
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Average Time Availability of Wind Power \\‘(IT
in Germany e

® Wind generators have a time availability between 15% and 25%.

24%

22%

o 200

EQD,Q

IS

aﬂf_

=|8,0

=

16%

14% 7

12%

10%
o O O O O O O O O O O o o o o o o o o o o O
mmmmm&gmmmmmmmmmgcmmmm—t
0 O = M W O =~ @ O O 9= N W g O = 0 © o

Jahr

Source: Vahrenholt 2010
Data in 2010 until July
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European Research Project: Suprapower ﬂ(IT

Karlsruhe Institute of Technology

SEVENTH FRAMEWODRE
PROGRAMME

Final Product:

® Superconducting, reliable, lightweight, and more powerful
offshore wind turbine

Objectives:

® Reduction of head mass, size and cost (SC-generator)

® Reduction of operating, maintenance and transportation cost
® Increase reliability and efficiency (direct drive)

® Maximization of power conversion

900 -
© Doubly fed induction generator (with gearbox)
800 O PM synchronous generator (with gearbox)
o 700 ® PM sychronous generator (direct drive)
: A EE synchronous generator (direct drive)
fn 600
(]
3 500
2
2 400 Design from AMSC of a
3 S superconducting
synchronous generator
200
100
0
0 2 4 6 8 10 12
Rated power / MW

Source: KIT-ITEP-Neumann
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AmpacCity Project: HT Superconducting Cable \‘(IT

eeeeeeeeeeeeeeeeeeeeeeeeeee

Objectives: VORWEG GEHEN  /\[exans

® Implementation of a 1 km HTS Power Transmission Line in the urban
mid-voltage grid of City of Essen

Study and layout of an urban SC Mid-Voltage Grid (KIT coordination)
Test phase of the cable in urban grid > 1 year

Investigation of cable behavior on a 1:1 model cable (work package KIT)
Refitting of the model cable with 2nd generation HTS tapes (KIT)
Development of a universal FEM tool to design/optimize cables (KIT)

Power cable characteristics:
® Designed for 10 kV, 2.3 KA (e N
® Cable lengths 1 km, conductor length 90 km ,,,,, /
B Integrated NEXANS HTS Fault Current Limiter \)‘@h
® Superconductor Sumitomo BSCCO-reinforced

® Liquid N2 - cooled

Source: KIT-ITEP-Goldacker
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AmpacCity Project: HT Superconducting Cable

CIT

he Institute of Technology

A

& Ay B

- Septembre 2009.ipg

Toronto

Source: http://commons.wikimedia.org/wiki/File:122 -

Kuhikanal

Kabelkryosiat

Source: KIT-ITEP-Goldacker
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Desertec industrial initiative (Dit) ﬂ(IT

Karlsruhe Institute of Technology

B Power from sun and wind in Middle East and North Africa
® 15% of power could be transported to Europe

| Indicative solar sites (CSP, PV)
solar potential Indicative wind sites
:‘omok':amm, " Indicative transmission routes to

| n mar
| &y 2050: Development ocal and European markets

of EU-MENA supergrid

E
:3'---‘--...

’ LS

www.dii-eumena.com

Source: Industrieinitiative Dii, http://www.dii-eumena.com/
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2 - New Energy for Qermany (10/2011) g(“'
www.bundesregierung.de (1/2) e iy

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

® Renewable electricity share: Goal 2020 = 35%, Goal 2050 = 80%.
® Last German NPP will shut down at the end of 2022.

® Transitionally increased electricity from coal and gas to keep electricity
secure and affordable.
Modernisation of existing plants, fast completion of new plants.

Construction of large wind parks.
® Support of biomass technologies.

Source: biolig® Pilot Plant KIT
http://www.kit.edu/visit/pi_2013_12692.php
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The Biolig® Process ﬂ(“'

Karlsruhe Institute of Technology

Stepwise
build-up Energy
e R T density
biomass
conditioning, 1.5 GI/m?
fast pyrolysis, ’
slurry production straw
2009/10
. 20 GJ/m?3
@bioliq - pilot plant  gasification Biolig®
q 2011712 Syncrude
® Decentralized energy
densification S
I m
® Central substantial gas conditioning, .
grafting Fuel production P
2012/13
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Biolig® Pilot Plant at KIT (2011) AT

Karlsruhe Institute of Technology

Step 1. Step 2: Step 3/4.
Fast Pyrolysis, Slurry Production  Gasification Gas Conditioning, Fuel Production
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R | D New Energy for Germany (10/2011) ﬁ("‘

D Bundesregierung

www.bundesregierung.de (2/2)

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

B To store electricity generated from renewables, there is a need for
further pumped-storage hydropower plants.
In parallel, research into new storage technologies will be funded.

B Fast enlargement of the electricity grid in order to distribute electricity
from wind parks and to make up for decentralised production.
Public hearing of citizens who are concerned due to new power lines.

® Energetic renovation and
modernisation of buildings:

Increase of programme funds
for CO,-efficient buildings. oo

http://www.badische-zeitung.de/suedwest-1/pumpspeicherwerk-
atdorf-ueber-die-erste-huerde--38212649.html
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Pump Water Reservoirs ﬂ(IT

Karlsruhe Institute of Technology

® Germany: if in 2030 some 30% of the electricity is produced by
wind, the required storage capacity is about 3.000 GWh to make up
for one week free of wind.

® This is about 70 times of today‘s pump water capacity of 40 GWh
In Germany.

® What about public acceptance?

Source: Schluchsee Plant

Gemeinde Schluchsee.
http://schluchsee-wolfsgrund.jugendherberge-
bw.de/lage-und-umgebung-fr-sw.html
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Wind Energy and Required Storage Capacity ﬂ("'

Situation of Transmission Grid Vattenfall Europe February 2008 Karbruhe st of Technology
14000
e N | 3 g . " a ! | ! | i
12000 ‘ TR ] T H'
g 10000 .Ill Li lTll
— Lastverlauf _ _
(®)] Windleistung
S 8000 i
Kz Windleistung|(Prognose) A
3 6000 40 GWh: Capacity of all
German pumped water storage plants
4000 "' ‘ // ¢
y,
2000 || [-540 awhy,
‘!‘ A LE- i\ s : s ‘?&'- Jﬂl IfR. TU Braunschweid
03/02 10/02 17/02 24/02 02/03

540 GWh: Required storage capacity to provide

continuous, average power supply _
Quelle: IfR, TU Braunschweig, ABB
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Hydrogen as Energy Carrier: Process Losses ﬂ(IT

Karlsruhe Institute of Technology

Strom von
g::llil:r:baren Verbraucher
N~ 60 %-Verlust | ———— | 80 %-Verlust
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ES T |E| |8
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G ol Tl |22 @ (=2 = | | 1 |7 1

2| |5 20%

—— gasformiger Wasserstoff --------- flUssiger Wasserstoff

Quelle: Bossel, European Cell Forum ; Technikfolgenabschatzung Nr. 1, 15 Jg. April 2006
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Power-to-Fuels

Electricity
Water

Carbon dioxide

b)

. Cardinal Routes ﬂ(IT

Karlsruhe Institute of Technology

a)

| Steam (SOEC)
(high temp.)

|

Water (PEM) > Oxygen

(low temp.)

1
Recovery of 1
heat / steam

1
1
_____________ -t

\‘ H 2 :/

Source: KIT-IMVT-Dittmeyer
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7 ) [H— New Energy for Qermany (10/2011) ﬁ("'
www.bundesregierung.de (2/2)

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

B To store electricity generated from renewables, there is a need for
further pumped-storage hydropower plants.
In parallel, research into new storage technologies will be funded.

B Fast enlargement of the electricity grid in order to distribute electricity
from wind parks and to make up for decentralised production.
Public hearing of citizens who are concerned due to new power lines.

® Energetic renovation and s ar
modernisation of buildings:

Increase of programme funds
for CO,-efficient buildings. oo

http://hallo.news352.lu/edito-77382-rieseninvest-in-die- &
stromautobahn.html
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From Fundamentals to Prototypes: SCOMPETENCE E ﬂ(IT

Complete Development up to Battery Level 0
Cell Integration Cell Assembly
A A AR g = =
e v e
4 aule 3als i
A e i
&
: . Szf\
Characterisation S
s
o -
<
o
[
%
Anode Material RO Cathode Material
Electrolyte
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System Competence along the Value Chain \“(IT

eeeeeeeeeeeeeeeeeeeeeeeeeee

Cost-effective product design and production technologies

)Material)) Cell )) Battery >>Inverter>>E-Motor>> Power )
Train

h .:i-. "

_—

High-energy Materials
Compact Cell Designs
Modular Battery Designs
Optimized Manufacturing Methods

g

0 250 €/kWh at 250 Wh/kg
SCOMPETENCE : on battery system level in 2018
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Cycle Life Performance of KIT 20Ah-Cell Compared ﬂ(l'l'
to International Benchmark Cells

1CLAD/ 1CELA 100| Electrobus presented at
International Motor Show (IAA)
Frankfurt 2013
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Can Full Electric Vehicles Contribute to Store Excess ﬁ("‘
Electricity from Renewable Energies?

® Comparison of storage capacities

Assumptions: Assumptions:

* 1 Mio. FEV (Goal of 2020 in D) as » All German pumped storage water
mobile storages in a smart grid power plants considered

« Each having 20 kWh battery storage < Atdorf Plant: plus 12.5 GWh
capacity

« 70% availability for storage
« 50% free capacity in average

Quelle: www.think.no

» 7.000 MWh capacity - 40.000 MWh capacity
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MeRegioMobil: System Integration
User — Energy Sources — Storage Systems

® Intelligent integration of electromobility

~ MeRegilo

(W) BOSCH DAIM LER EnB 'JJ Fraunhofer Initut ﬁ(!l

fr———
System- und
Innovationsforschung
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Karlsruhe Institute of Technology

Quelle: KIT-Zentrum Mobilitatssysteme
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Die New Energy for Germany (10/2011)  Q\¢|T

Bundesregierung

www.bundesregierung.de (2/2)

Germany will develop to one of the most energy-efficient and
environmentally friendly economies worldwide.

B To store electricity generated from renewables, there is a need for
further pumped-storage hydropower plants.
In parallel, research into new storage technologies will be funded.

B Fast enlargement of the electricity grid in order to distribute electricity
from wind parks and to make up for decentralised production.
Public hearing of citizens who are concerned due to new power lines.

® Energetic renovation and
modernisation of buildings:

Increase of programme funds
for CO,-efficient buildings. oo

https://uwaterloo.ca/sustainable-energy-policy/sites/ca.sustainable-energy-
policy/files/uploads/files/A%20Regional%20Comparison%200f%20Smart%20Grids.pdf
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The German Power Grid

Transmission Grid

® Extra-high voltage:
220kV - 380kV
35,000 km.

Distribution Grid
[ ]

High voltage:
60kV - 110 kV; 80,000 km.

Medium voiltage:
6kV — 30kV; 500,000 km.

Low voltage:
230V - 400 V; 1,100,000 km.

® Today, mainly one-way grid.

49 2.10.2013

Electricity consumption

Transmission grid 220 or 380 kV

Interconnectors at borders
to neighbouring countries

Distribution grid - high voltage 60-110 kV

s

Power-intensive industry

City
Distribution grid - medium voltage 6 -30 kV

Commercial enterprises

Industrial enterprises

Town

Distribution grid — low voltage 230 or 400 V

Commerdial operations

Households

Source: BMWI

Joachim Knebel - Energy Perspectives for Germany and Europe - WISE Waterloo

Substation

Electricity production

Large conventional power stations
(nuclear energy, coal, gas)

/4 Large hydro-power and pumped
M storage power stations

Large renewable energy
plants (e.g. onshore/
offshore wind turbines)

e

, o
and

'/ 4
Medium-sized hydro-pa
;H.a pumped storage power stations

Medium-sized conventional
power plants (coal, gas)

Medium-sized renewable energy
plants (e.g. onshore wind /large
photovoltaic instaliations)

Smaller conventional
power plants (gas)

Smaller hydro-power and pumped
storage power stations

/s Smaller renewable energy plants
{e.g. open-space photovoltaics/

large roof installations, biomass,
onshore wind)

Small decentralised power

2 _ stations (e.g. combined heat
and power plants)

{ Small renewable energy plants

{e.g. photovoltaics on individual
houses, onshore wind)
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Generation capacity by Energy Source (at 31/12/2010) ﬁ(IT

Net power output in megawatt (MW)
30,000

Karlsruhe Institute of Technology

27,051

20,000

15,000

10,000

5,000

21,301 20,778

20,636

A4 ..

17,019

LAI52 4335

=
o
=
[

Lignite

o
o
w!

j=
o

T

Nuclear energy

M Transmission grid

operation (77,621 MW)

Natural gas
Pumped storage

Petroleum-
based products

Several

energy sources
(hon-renewable

Distribution grid

-

operation (77,621 MW)

Other

energy sources
(non-renewable)
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Source: Federal Network Agency
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Some 4,500 km of extra-high
voltage lines required by

2020.

Wind power almost doubles

from 2012 to 2020.
1,900 km are prioritised.

Just over 200 km have yet

been bulilt.

The German Extra-high Voltage Grid QAT
(Status: May 7, 2012)

50 Hertz

In planning phase

In regional planning process
e

In plan approval procedure

Under construction

TenneT

Implemented

* Delayed

TransnetBW

Source: Federal Network Agency
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Smart Energy Systems Vision

Physical view

Generation
(coal/gas/water)

.-: i Generation % i -
)I- il ) |

i (off-shore wind) 4 .
Generation ‘L \L | @ system operation

teualigasiwater) ENTSO-E control
Extra-high voltage level $

blocks and areas
Balancing groups

4 Regulation
Energy é Generation
Storage ) (on-shore wind)
(water) High voltage level Generation . .

5 0

Medium voltage level |

é (large scale solar) $ .
|
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Low voltage level
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Industry
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-
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Source: KIT-AIFB, FZI, Hartmut Schmeck
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5 KT

F ! I Karlsruhe Institute of Technology

Value chain

Generation
companies

aw
N -
°a
Energy trading
=]
Transmission

Distribution

MBIA JoXIe

Metering

Energy supply
(sales)

Customer Ia

service

Customers
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Shaping Future Energy Systems: ayl' ﬁ(IT
Research on Energy Management o 4 I

Goal:

® Exploit load flexibility to provide virtual storage by decentralized
load management (load shaping, load shifting)

® Provide ancillary services for grid stabilization
(reactive power, operating reserve)

Different Environments:

® Smart Home @ o
® Intelligent household appliances with Smart Grid capabilities @ T ’.w

B Usage of home automation systems for energy management \J/ ‘}
® Smart Building / Smart Office

® Building energy management (HVAC)
® Intelligent decentralized power generation

® Smart Factory

® Efficient production processes with optimized usage
of renewable energies (Green Production)

® Offering demand response and reduction of peak loads "E,,, .

o
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Energy Smart Home Lab on KIT Campus ?;':

AT

Karlsruher Institut fir Technologie

&= MeRegio

-~ Mobil

Intelligent

Energy appliances

Management
Panel (EMP)

Visualisation of
energy usage

Discover user
preferences

Charging station [

4-quadrant
amplifier

Source: KIT-AIFB, FZI, Hartmut Schmeck
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https://smarthome.aifb.uni-karlsruhe.de:8888/GUI/

- )
FZI House of Living Labs (HolLL) L FZI

House of (YL ELT

2\
h smartHOME / AAL smartENERGY

M Automotive & Service Robotics mobilelT/
" smartMOBILITY " - mobileBUSINESS

Power Battery Hot Water Condensing Combined Heat Adsorption Cold Water
Inverters Storage Tanks Boiler and Power Chiller Tanks
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Nuclear Energy and Safety ﬂ(IT

Karlsruhe Institute of Technology

W Safety of Nuclear Reactors
® Partitioning & Transmutation
® Nuclear Waste Disposal

® Radiation Protection

® Nuclear Decommissioning
Technologies
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Karlsruhe Institute of Technology

Fusion Technology ﬂ(".

Tritium Technology
Breeder Blanket
Structural Materials

Divertor Technology

Fusion Magnets

Gyrotrons

Fusion Projects:

ITER, DEMO, IFMIF, W7X
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Wendelstein W7X at IPP Greifswald Germany ﬂ(IT

Karlsruhe Institute of Technology

® Bird's eye view

2\ Max-Planck-Institut
@ fiir Plasmaphysik
EURATOM Assoz'ﬁcl i

' el
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KiT‘s Contributions to ITER ﬂ(IT

Karlsruhe Institute of Technology

= Safety Research a Plasma heating &

Operation
a Gyrotrons
m ECRH Upper Launcher

m Test blanket module & systems
m Tritium fuel cycle ‘
m Vacuum systems

m Magnet development
from cable to test

m Current leads
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KIC InnoEnergy — Development of the
et European Energy System in 2050 ﬂ(".

KIC InnoEnergy

CCBENELUX « » CCSWEDEN
Eindhoven, Leuven e Stockholm, Uppsala
I o s
W TS [ e~ €F . | ABB [E)]

TUfessm, p=Vito

@ VATTENFALL o
Reac

_ Number of Partners

Industries 102
CC IBERIA .AND PLUS
Barcelona, Madrid, Lisboa g ResearCh Centres 28 ce, Krakow
@ gasmml@/ ESaDE, Universities 25 89
osa [ -] mﬁu EO‘(ON.
@ zmo IRECY 1 Other 10 .
Total Partners 165 R N A

CC GERMANY
Stuttgart, Karlsruhe

B warsman NPT —ensw

Kt e o

CC ALPS VALLEYS
Grenoble, Lyon, Marseille, Cadarache

o )/\I.I"P AReVA (m
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KIC InnoEnergy — Partners and Topics AT

Karlsruhe Institute of Technology

CCBENELUX 3 CCSWEDEN

Intelligent, Energy-Efficient European Smart Electric
Buildings and Cities

Grid and Electric Storage

CCIBERIA 3 CCPOLAND PLUS

Renewables (wind, Solar _
Thermal, Photovoltaics, Wave and Clean Coal Technologies
Tidal Energy)

CC GERMANY

Sustainable Nuclear and

Renewable Energy Convergence Energy from Chemical Fuels
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Integration of the knowledge triangle QAT
elt Karlsruhe Institute of Technology

KIC InnoEnergy

+ KIC Knowledge Market
* Exploration mechanisms

KI1C Mobility Programme * Innovation network research

KIC Explore House * Entrepreneurs/intrapreneurs

* New curricula
Culture of life-long-learning

Financial Nurturing

(Resea rch & Technology)

* KIC Innovation Market
« Multi-disciplinary joint-projects
* Open & Cross Innovation
« State-of-the-art IP policy
« Exploitation mechanisms
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What is a Reasonable Energy Mix for Europe? ﬂ(IT

Karlsruhe Institute of Technology

Source:
Duisburg-Walsum

Source: NPP.

1/3
REREVEIES
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Final remarks. _\\J(IT

Karlsruhe Institute of Technology

® The ‘Energiewende’ is a long journey.

® No option is for free, but many (in combination) are feasible.

The ‘smart’ grid expansion is the foundation for the
Implementation of renewable energies.

Local and central power stations are required.
Public acceptance is a corner stone.
Research and development is mandatory.

It is a national / European / global challenge.

Political decisions cannot bend physics and market laws.
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Thank you very much for listening. ﬁ(IT

2.10.2013

Joachim U. Knebel
Karlsruhe Institute of Technology
Chief Science Officer (CS0O-4)

http://www.kit.edu/eps/cso-4/

mailto: joachim.knebel@kit.edu
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KIT Center Mobility Systems: AT

Test Facilities from Lab Scale to Prototypes ...

... cars, trucks, trains, work machines and more .
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Multi Disciplinary Mobility Systems Approach ﬂ("'

Karlsruhe Institute of Technology

Environment & Society

Infrastructure

Traffic

Driver & Vehicle

Vehicle

K%t
» \~

2 .

. Functional El

P

£ Material *
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Research Topics ﬂ(IT

Karlsruhe Institute of Technology

Infrastructure,
Traffic &
Mobility
Behaviour

Internal Driver &
Combustion Vehicle
Engines Guidance

Product Sources & Chassis
Engineering Storage

Systems

KIT Mobility Systems Center

Head Count: 900

i i

Methods and Processes
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