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- Energy status in Germany 2017
- Conventional energy sources

- New energy sources

- Conclusion
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Short Basics of Energy

- Primary energy:

Heat, 50%
Mobility, 27%
Electricity, 23%

- Who consume?

Households, 30%
Transport, 28%
Industry, 26%

Business, 16%

[Anteil dos Yerkehrs am Endenergieverbrauch 2012

® Stram 23%

Wer verbraucht in Deutschland die meiste Energie*?
Energieverbrauch der Heizung oftmals unterschatzt

Gewerbe: 16 %

Raumwarme: 75 %

Industrie: 26 %

Verkehr:28 %

@Wa rmwasser: 12 %

Elektrogerate

*Endenergie +Beleuchtung:13%

Quelle: dena [ Energiedaten BMWi



Primary energy consumption in Germany 2017
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Energy-/ Gas-Emission-Intensity in Germany
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; Power Generation in Germany 2017 (Brutto)

Conventional 66,9%

Others . New energy sources

Wind onshore
87,2 TWh

Nuclear power

759 TWh
Wind offshore
6 5 4 18,3 TWh
TWh [Mrd. kWh] S
il 45,5 TWh
148 TWh
14, 4% Photovoltaic 39,8 TWh

Hydro power 19 7 TWh

Hard coal 94 7 TWh waste 6 Twh
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Share of Sources in German Electricity Production
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Bruttostromerzeugung in Deutschland nach Energietragern 1990 - 2014 in Prozent
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Wasserkraft
Hausmull
Biomasse
Windkraft
Photovoltaik
Erdgas
Kernenergie
Steinkohle
Braunkohle
MineraloOlprodukte
Ubrige
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Electricity Export/ Import Germany 2017
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Development of renewables
and energy export in Germany
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- Heat:
- Gas (plus electricity), Oil , Coal
- Mobility:
- Oil/ Gas
- Electricity:
Nuclear (closure of 18 NPP up to 2022)

- Coal

- Gas

Hydropower






Raw Material Annual production Ranking
Lignite 180.0 Mt 1
Hard Coal 6.0 Mt
Natural Gas 12 Bm3
Natural QOil 2.4 Mt 48
Potashium (K,0) 3.6 Mt 3
~ Hard Salt (NacCl) 15.1 Mt 3
“Sepiie Faldspare 2.2 Mt 3
omam  GYpsum/Ahydrite (natural) 2.6 Mt 9
e Kaolinite 3.4 Mt 2
Bentonite 0.5 Mt 6
Sand/Gravel 320.0 Mt
Hard Rock 140.0 Mt
| Lime 73.0 Mt
o —— © Clays 30.0 Mt
q -oi - Special Sands 11.5 Mt
@| - Hard Coal Districts
Lt oo
® o i
Ol it Ditics E “Fluoie
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Lignite Reserves and Production in Germany
RECSIBA Y SHRCETuG 208 M Forderung in Millionen Tonnen

M Lagerstattenvorrate - genehmigte
und erschlossene Tagebaue

(O Hamburg 62,5
95. 2 Bremen
O
Helmstedter 1,5 O
Revier — Berlin

0,4 Mrd. tL 1,5 Mrd. t\

18 9
Rheinisches b
Revier 7ig
5 Mltteldeutsche

Du5den
Koln
O Revier

219 Mrd' t Quelle: Bundesverband Braunkohle
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Lignite production in Germany

- Lausitz
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Lignite Mining Technology
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Lignite Mining - Protests
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§T<<; Lignite Mining - Basics
- Reserves for 100 years
- Permissions for 10 mines up to 2040/ 2050 (180 Mt)
- High environmental and safety standards
- Low emission power plant (Oxyfuel Power Plant 50 MW)
- Low cost electricity and heat
- High supply security Valuable working places
- Acceptance in the Society (CO,)?
- Mine Closure: Mining temporary impact
- Perspectives of Coal Benification

- High performance mining manufacters
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iyﬁ - Hardcoal Mining - Production

Steinkohlenreviere in der
Bundesrepublik Deutschiand

" BELGIEN | “*\®,
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Anpassung im deutschen Steinkohlenberghau

WT 4303 B Belegschaft (in Tausend)
I Forderung (Mio. t SKE)
120 -
100 -
80’7 71,0
60 - 58,1
40 - 343
24,2
20 1 I13,2 1215
0 - -
1990 2000 2010 2014
B 39,5 Mio. t SKE
Stahlindustrie:
17.8 Mio. t SKE
Warmemarkt:
1,5 Mio. t SKE
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Entwicklung der Marktanteile importierter und Inténdischer Gesamtverbrauch an Steinkohle
heimischer Steinkohle in Deutschland bis 2050 gemaR Energiereferenzprognose von 2014
| B Importe Mio. t SKE
UL BN Heimische Steinkohle 60 -
-19% ~56 %
70 - 50 7
60 | 40 -
50 A
e 30
30 A 20 -
20 - 54 % 10 -
10 - 42% :
0 23% 13% 0 -
2000 2005 2010 2014 2014 2020 2030 2040 2050

Quelle: Energiereferenzprognose EWI/GWS/Prognos 2014,
Basisjahr auf 2014 aktualisiert
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Addtional coal
Nomal lcngwal mining system recovered

Cirection of
mining

Shearer
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Hard Mining - Basics

- Reserves for >100 years

- High environmental and safety standards
- Supply security high

- Valuable working places

- High costs

- Mine Closure in 2018/ imports

- Steel industry (coking coal)?

- High performance mining manufactures’
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Oil and Gas Deposits in Germany
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Oil Deposit Mittelplate

Development of Oil Production
in Germany

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

@ Deutschland @ Mirtelplate

Oil Consumption in Germany
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Nuclear Power Energy in Germany

Development of nuclear power plant closure

Zukinftige Entwicklung der installierten Leistung
der Kernenergie in Deutschland (in MW)

25 000

20 450
20 000 .

7% der Stromerzeugung

FS 000 {2010)

10 000 Y 10.793
(-1.275) 9509

(<1.284) 8107

(+1.402)

23% der Stromerzeugung
(2010)

5000

Philippsbg 1 @ F (2010}

2010
2011
2012
2013
2014
2015
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2017
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2019
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2023 |
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@ Abschaltungen 2011

@ AbSCha‘tungon 2015-2022" * bai Erraichen der in Anlage 3 AIG festgelegten Reststrommengen,
spatestens jedoch mit Ablauf des 31,12, des jeweiligen Jahres Quelle; Atomgesetz (ATG) §7

Final Storage of nuclear waste?
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- Main target:
- Avoid climate change
- Reduction of CO, emissions
- How to achieve?
- Reduction of use of coal, hydro-carbonates

- Develop of new energy sources (natural limits,
priority in net, ...)

- Reduce energy consumption (back calculation)
- Import of energy

- Development energy infrastructure



What energy trasition is?

- What to do?
- R&D, technology development

- Economic stimulation
- (subsidies 2017, 23 bn €/a for 20 year)
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- Heat (share new sources 2017, 5%):

Biomass (plus electricity production)

Heat pump (need electricity)

Geothermal sources (fracking?)

Solar

Hydrogen (need electricity)

- Mobility (share new sources, 10%): Biofuel, Electricity
- Electricity (share new sources 2017, 31%):

- Wind

- PV
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- Challenges:

Natural limits (biomass, sun, wind)

Availability (sun, wind)

Different regions of sources and demand

Costs of energy

- Solutions:
- Storge facilities (batteries, ...), R&D

- Net extension (powerlines, ....), permission



Sonniger Norden
Mecklenburg-Vorpommern mit den meisten Sonnenstunden

Mittelwert der Sonnenscheinstunden im
jeweiligen Bundesland. Quelle: DWD, 2012

Quelle: www.gdv.de | Gesamtverband der
D SRS irtschaft (GDV )

Hours of sunshine in Germany
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Windparks in Germany

Verteilung von Windkraftanlagen
in Deutschland (2011)
Installierte Leistung (MW)
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Entwicklung der Onshore-Volllaststunden fur
Gesamtdeutschland
Datenquellen: [Keiler and Hauser], [BNetzA], [UeNB],

[Hochrechnung TenneT TSO], [Hochrechnung Amprion],
[Hochrechnung 50Hz], [Hochrechnung TransnetBW/]
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http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#Keiler_and_Haeuser
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#BNetzA_c
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#UeNB_2017g
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#Hochrechnung_TenneT_2017
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#Hochrechnung_Amprion_2016
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#Hochrechnung_50Hz_2016
http://windmonitor.iwes.fraunhofer.de/opencms/opencms/windmonitor_de/quellen/#Hochrechnung_Transnet_2016
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relative Hautigkeit
[Anzahl1/4 h Werte im Jahr|

Windparks in Germany

Probaility-Density Function

Haufigkeitsdichte Windkraft
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Monthly availability over the year

STROMERZEUGUNG AUS WINDENERGIE 2016

Monatliche Windstromproduktion in Deutschland

‘ Onshore: 66 TWH [Mrd. kwh] 2016 ’ Offshore: 12 TWH 2016 2015

'} * Monate mit mehr Windstrom als Atomstrom
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Quelle: Fraunhofer ISE, UNB, EEX Datum: 13.01.17 STROM-REPORT
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Geothermal energy areas
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Karte mit der Verbreitung der tiefen Sedimentbecken (grau) in
Deutschland und Darstellung der Tiefentemperaturen [°C] in 1000 m
Tiefe (blau bis violett)

Quelle: BGR

Geothermal and shale gas potential in Germany

Shale gas potential areas

Regionen, die grundsatzlich
die geologischen
Voraussetzungen zur
Bildung von Schiefergas
aufweisen kénnen

I Bergbau-
Berechtigungen,
u.a. zur Suche

nach Schiefergas
(:.- )t

Quefie: BGR




* X 7 New energy - limits

- Solar and wind energy volatile (availability natural
limited 900h/ 1500h from 8600/ year)

- Hydro power/ Biomass natural limited (import?)
- Geotermal energy natural limited (problems, fracing)

- High costs (financial support for solar, wind, biomass:
22 B€/year for 20 years)

- Priority of new energy in the net

- Volatility and Overproduction: Net Stability!
- Transport of electricity limited (permission)?
- Storage of electricity (no solution)?

- Not in context with EU-partners



Net development in Germany
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Share of Sources in Daily Electricity Production, no
new energy, working day in autum
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Leistung MW 30000
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Share of Sources in Daily Electricity Production with NE
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Primdrenergieverbrauch in PJ

German Primary Energy Consuption up to 2050
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Bruttostrom erzeugung, [TVWh/a

Scenario of Sources of Electricity from new energy
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>T<; German Energy Policy - framework
- Nuclear power ends 2022 (after Fukushima 2011)
- Domestic Hard Coal ends 2018 (economic reasons, EU)

- Domestic Lignite under pressure (targets strong driven
by CO, reduction)

- CCS R&D stops
- Coal Beneficiation Research support limited
- Priority for new energy

- Net Management/ Storage?

- Gas (low use, costs)




* ¥ 7 Future of coal industry in Germany

- Hard coal mining closed 2018/ import (new PP in 2015)

- Lignite - important permanent available and cheap
source for electricity (partly coupled with heat
production); reserves and permission exist up to 2050

- New lignite PP after 2010 (high efficiency: 45%); export
can bring more befit than coal closure in Germany

- Gap in electricity production, import, net availability
and storage facilities after 2022 can be partly
compensated by lignite

- Lignite —resource for chemical industry

- Lignite important for regional development
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O%,- German Energy Policy and Sustainable Development Goals 2030
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Tagret 13: 22 B€ for Germany
All other targets: 8,5 B€ for the world



