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Fossil fuels provide 81% global energy

World Energy Balance
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Fossil fuels use produce GHG emissions

World GHG Emissions Flow Chart
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GHG -itis not only CO2
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CH4 and CO2 correlate with Temperature
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Global Climate Change — Warming Slow Down
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Europe Coal Phase Out

N
=

I Phase-out/coal-free

[ Phase-out under discussion

M No phase-out under discussion

*not explicit government policy, year refers to announced retirement of last plant



Since 1990 World Emissions (WE) have grown by 60%
and Emissions from Lignite dropped by 54% - 0,47%

. Weltweit ist der CO2-Aussstof seit 1990 um 60 Prozent
angestiegen. Die Emissionen aus dem Einsatz der

Braunkohle in Deutschland sind im selben Zeitraum
um 54 % gesunken. Ein nationaler Ausstieg aus der

Braunkohle vermindert den globalen Anstieg um
etwa 0,8 %.

2018

Globaler CO2-Ausstofy
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In 2040 Fossil Fuels 80% - Coal 20%

Primary energy
consumption by fuel
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IEA NPS — Fossil Fuels will keep 80% share

|EA WEO 2018 Projections
Total Pnmary Energy Consumption
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Windturbines are getting bigger
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RE installed capacity share is 59%

Installed net power generation capacity in Germany 2002 - 2018.
Data: Fraunhofer ISE 2018.
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RE produce 35% Electricity in Germany

Gross power production in Germany 1990 - 2018, by source. [ENERGY |
Data: AG Energiebilanzen 2019, preliminary. m
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Generation in Germany in GW

E seen as the GHG solution

@ Stacked

Olmport Balance @ Hydro Power @Biomass @Uranium @Brown Coal @HardCoal @Oil
Solar

®Gas @Others
OExpanded @ Pumped Storage Seasonal Storage Wind
82.15

AM

Power (GW)

0.00
01.12. 00:00 03.12.02:20

05.12. 09:53 12.12.08:33 14.12.16:06 16.12.23:40 18.12.07:00

01.12. 00:00 03.12. 02:20 05.12. 09:53 07.12.17:26 10.12.01:00 12.12.08:33 14.12. 16:06 16.12.23:40 18.12.07:00
Net generation of power plants for public power supply.
Datasource: 50 Hertz, Amprion, Tennet, TransnetBW, EEX Event 1 Event 2
Last update: 18 Dec 2018 09:42

OLIZOIS  OZNZDIB  D3ILZO0I8  OD4NZOIB  DSMZ0IE  OGNZOIB  O7NZ0IB  OSNZ0IE  DANZOE 100208 100LZOI8

IZIZ0E  IBIZ0IB  MANZDE  ISNHZDIB  IGNZOIE  ITAZ0I8  IBNZOIB  ISNMEZDIB 2017018

e ZZNZOE  Z3ILE0IE ZANZOIE  ZSNEDIE  ZGNLZDIR
Dther (fossil + waste) mmmHard cosl mmzs === Dther RE

o Bigmass e Geqthermal Noclear  mmmm Lignite

2712018

. Reserir hydro Run-of-river W Pymped-hydro  SSSMSolar  semm(nshore wind  mmmm [ffshore wind

IR0 2308

=—spot price

301208

spot price in EURAMWh



RE grow as well as Gas

Renewables and power exports hit record high in 2017
Electricity generation, demand & exports in Germany, 2003-2017

Source: AGEB (August 2017) | *Oil, waste, etc
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RE need flexible Back Up not Baseload

Renewables need flexible backup, not baseload

Estimated power demand over a week in 2012 and 2020, Germany
Source: Volker Quaschning, HTW Berlin
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RE requires flexible Back Up

20% RE 39% RE 20% RE 65% RE 80% RE
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Expand transmission grids for power exchange over large areas
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Curtailment of wind and PV at times of surplus

Expand demand response for a more flexible demand side
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CCS/CCUS — Chance for Fossil Fuels
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EU ETS Effective Tool for CO2 Emission Decrease

sectors covered by
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EU 2050 Strategy — 2050 EU GHG neutral
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Figure 6. GHG emissions trajectory in a 1.5°C scenario®



CONCLUSION

* More RE deployed require the flexible fossil
fuels as the support for renewable energy
deployment

» Gas and hard coal play at the moment the role
of flexible back up and lignite is mostly used
as baseload, but lignite and even the nuclear
power plants can be flexible up to 50% of
capacity

* Fossil fuels with CCS/CCU are essetntial for
RE deployment when RE share exceeds 20%




