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Introducing the German Environment Agency (UBA)

Collecting Data

UBA supports the Federal Government,
esp. the Ministry for the Environment,
Nature Conservation, Building and
Nuclear Safety (BMUB)

Information to the
Public

International Co-operation

Implementing environmental
legislation: such as

Since 2014 the UBA has also been supporting the
Federal Ministry of Economy and Energy (BMWi) by
providing scientific knowledge on energy questions
and issues such as renewable energy sources.
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PARIS AGREEMENT



I The Paris Agreement

SIGNAL FOR GREAT TRANSFORMATION *

e First ever universal, legally binding global climate ageeeh?
of 195 parties

e Ambition : Global goal (Art. 2):

- To limit temperature increase ,well below 2° C* and to
pursue efforts to limit it to 1.5° C above pre-industrial levels

Rapid emission reductions  (all GHG, all sectors covered!)

Global peaking as soon as possible

Net zero emissions in the 2" half of the century

o

Parties to formulate long-term (2050) low emissions
COP21- CMP11

strategies by 2020 PARIS 2015

=» Strong signal to policy makers, investors and businesses: UN CLIMATE CHANGE CONFERENCE
Decarbonisation of our economies on global scale!
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The Paris Agreement

COP21- CMP1T

PARIS 2015

UM CLIMATE CHAMGE CONFEREMCE

~ SECRET

Consequences (Article 4):

> “decarbonization” of all societies...

» Germany has to increase goals ....

» -95 % Greenhouse Gas Emission in 2050 (industrialized countries)



CLIMATE PROTECTION
AND ENERGY POLICY IN
GERMANY



Global Shares of CO2 emissions

China 28,03%
USA

Indien
Russland
Japan
Deutschland
Korea

Kanada

Iran
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Saudi-Arabien
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Per Capita CO2 Emissions

Emergiebedimgte Pro-Kopf-CO2-Emissionen in den G20-Staatemn im Jahr 2013
{In Tonnen)
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We do not have (yet) a model
for the world!
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National GHG Reduction & Energy targets
in Germany




I GHG trend description — overview

Greenhouse Gas emissions in Germany since 1990, by gas
and targets for 2008-2012 (Kyoto-Protokoll), 2020 and 2050 (federal government)
Million tons carbon-dioxide-equivalent
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I Share of GHG emissions

Shares of GHG emissions in 2014 (in carbon dioxide equivalents)

" HFC = PFC
" NitrousOxide 1,2% 0,03% ® gylfurhexafluoride

4,3% 0,4%
® Methane nitrogen trifluoride
6,2% 0,002 %

Gesamt:
902 Millionen Tonnen

Carbon Dioxide
87,9%

Quelle: Federal Environment Agency, national trend-tables (Version: 01/2016)

GHG Emission Fractions | 1990 | 2014
(%)

CO, emissions (without LULUCF) 84,2 87,9
CH, 95 6,2
N,O 52 43
HFCs 05 12
PFCs 0,2 0,0
SFe 04 04
NF3 0,0 0,0




Carbon dioxide emissions by category

Carbon dioxide emissions by category
million tons
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M Energy Industries Man ufacturing Industries W Transport W Households & Small Combustion
B Military & other smallsources M Fugitive emissions from fuels B |ndustrial processes M Agriculture
Carbon dioxide emissions: w/o LULUCF Quelle: Federal Environment Agency, national trend-tables, trends 1990 bis 2014 (Version
01/2016)




Why Is the electricity sector so important?

Anteile der Quellgruppen an den energiebedingten THG-Emissionen! im Jahr 2014

gesamt:
46% 752 Mio. Tonnen
C0,-Aquivalente 329

5%

M Energiewirtschaft B Industrie’  mVerkehr M Haushalte Gewerbe, Handel, Dienstleistung3

Angaben ohne diffuse Emissionen bei der Gewinnung, Umwandlung und Verteilung von Brennstoffen.
1in CO,-Aquivalenten, beriicksichtigt CO,, CH,, N,0

2 enthalt nur Emissionen aus Industriefeuerungen, keine Prozessemissionen

3 einschlieBlich Militar und Landwirtschaft (energiebedingt)

Quelle: Umwelthundesamt: Nationale Trendtahellen fiir die deutsche
Berichterstattung atmospharischer Emissionen 1990-2014,
Stand Januar 2016



I WHAT WAS ACHIEVED?

Emissionen in den Handlungsfeldern (in Mio. t CO2 Aq.)

Handlungsfeld 1990 2014
Energiewirtschaft 466 358 -23%
Gebaude 209 119 -43%
Verkehr 163 160 -2%
Industrie 283 181 -36%
Landwirtschaft 88 72

Teilsumme 1209 890 -28%

Quelle: Klimaschutzplan 2050, S.20



THE GERMAN ENERGIEWENDE



I Our Strategy: ,Energiewende” in Germany

The four main goals: -

o Total phase-out of nuclear energy by 2022
(further 8 plants by 2017, 2019, 2021 & 2022)
2015: 11 GW remaining nuclear capacity (=14.1% of power generation)

* Increase renewable energies

* Increase energy efficiency

GHG-neutral society/economy by 2050 (-95% GHG vs. 1990)

= A new Climate Action Plan 2050 will be adoptedint  he
course of this legislative period “in light of the r esults of
the 2015 Paris Agreement”!
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Evaluation of the Energiewende by an expert group

Tabelle 1: Trend-Bewertung der Zielerreichung im Monitoring-Bericht (Entwurf vom 05.11.2015)

Indikator Ist 2014 Ziel in 2020 Trend
Erneuerbare Energien am Bruttoendenergieverbrauch 13,5 % 18 % . . . . .
Erneuerbare Energien am Bruttostromverbrauch 27,4 % mindestens 35 % . . . . .
Erneuerbare Energien am Warmeverbrauch 12,2 % 14 % . . . . .
Erneuerbare Energien im Verkehrsbereich 5,6 % 10 % .
Primdrenergieverbrauch (unbereinigt) -8,7 % -20 % ggii. 2008 . . .
Endenergieproduktivitat 1,6 % p.a. | 2,1%p. a.ab 2008 . . .
Bruttostromverbrauch -4,6 % -10 % ggii. 2008 . .
Warmebedarf Gehaudesektor -12,4 % -20 % ggti. 2008 . .
Endenergieverbrauch Verkehrssektor 1,7% -10 % ggti. 2005 .
Treibhausgasemissionen 27% -40 % ggii. 1990 . . .

Quelle: Eigene Darstellung entsprechend BMWi (2015a)
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Major political events important for the Energiewen de

Nuclear and renewable electricity generation and major political events, 1970 - 2025 Figure 2
Important policies and historical events 203
P P 2000: Renewable
1990: Renewable 2010: Energy Act 2.0
Renewable energy 1st Feed-in tariffs law Energy Act (EEG) Energy Concept (EEG 2.0)
2010:
1976: Start of 2000: Revision of 2011 201

Nuclear the Anti-Nuclear 1987: T'Nuclear  the ™ Nuclear Fukushima 2™ Nuclear
energy Movement Chernobyl accident Phase-Out Law Phase-Out Law Accident Phase-Out Law

350

300

. Nuclear

. Renewables

200 -
150
100
50
0 ‘

1970 1975 1980 1885 1950 19595 2000 2005 2010 2015 2020 2025

250

[Twhj

AGEB (2015), AGEE (2015), BNetzA (2014), BNetzA (2015), Statistical Yearbook of the GDR (1973 - 1988), own calculations

Source: Agora 2016




Renewable energy share of final energy consumption

Renewable energy share of final energy consumption

Recent developmentand goal set by the german government*

percentage [%]
20%
18%
16 %
14 %
129%
10%
8 Y% - . Target of the German Federal
7 Government: .
6% = 7,2 % at least 18% RE of primary .
49 ; energy consumption in 2020
2 '
0 D};D I 1 1 1 1 1 1 1 1 1 1 T 1 T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2013 2020
I Target of the German Federal Government™* —O—FRenewable energy share of primary energy consumption
*Within the frameworkot7e "nergiekonzeat" the federal government has es-ablished Source: Federal Ministry for Economic Affairs end Exergy based or. AGEE-
targetsforthe years 2020,2030, 2040and 2050. llere only the target for 202C is Stat. Time series of the the development olrenewsble erergies in Germany,
illust-ated,terge s for 2030, 2040 and 2050 are 3C0%, 45% and €0% respect vely. Anegust2016




Renewable energy share of gross electricity consump tion, final
energy supply for heating and for transport

Renewable energy share of gross electricity consumption, final energy supply for heating and for transport
Development between 1990 and 2015

percentage [%]

35 %
31,6%
Q,
30 % 27.3% 7&
25,1%
25 % 23,5%

20,3%

20 % 70
° 17,0%
ﬁ/,o————ol s

15 % 7 /
12,1% 12,2% 12,5%
10;%//“ 11,1% 11.4%
10 % O 4
ﬁ,z%M 58% 56% 60% 550 56% oo
4.4% 8.0% ’

3% % - - et
3.4
4 0.5% :
: 3./ %
Do-"'ro | — "0,1%) T T T T T T T T T T T T T T T T 1
1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 201§
=0=Share of renewable slectricity Share of renewable heating and cooling Share of renewables in the transpart sector

Source: Federal Ministry for Economic Affairsand Energy based on AGEE-

Stat, Time series ol the the developmen: ol renewahleenergies in Germany,
August 2016




Gross Electricity generation in Germany 2015

Gross electricity generation in Germany in 2015*

Natural gas
94 % Oil

Hard coal 0,9%
18,3 % Other
61 / 42% Hydropower
6 2.9%
27 .
Biomass
' 6,0%
19
45
Renewables
Nuclear energy 29,0% 79 39
142% 6
Photovoltaics
‘ 6,0 %
Wind power
123% Household
waste **
- 0,9%
Lignite
24,0%

* Preliminary figures ** Regenerative part

Source: Working Group on Energy Balances, status: August 2016




Electricity production from renewable energy source sin 2015

Electricity production frem renewable energy sources in 2015
Shares [%]

Biogenic fraction of waste 3,1%—-=\\

Landfill gas0,2%—— 754

77 _——Geothemalenergy 0,1%

Sewage gas 0,7% Hydropower10,1%

Blogasz16,8% ———————*

Liquid biomass 0,2% Total:
Solid biomass: 5,8% 187.3 bi[lio.n kWh

Photovoltaics 20,7%——  *

»——Wlind energy onshore 37,9%

. Wind energy offshore 4,4%
leince 2010 incl. sewage sludge Scusce: Federal Ministry for Economic Affzirs and Erergy hased on AGEE-
2incl. Biomelhane Staz, Time serles of he the development of renewshle erergles in Germany,
Angnst 2014




Electricity production from renewable energy source s in Germany

Electricity production from renewable energy sources in Germany
Developrment between 199C and 2015

Terawatt haurs [TWh]

200 187,3
180 7
160 5y 2
140
120
100
80
60
40 25,3
18,9
20
0 T T r r
1990 1995 2000 001 2007 003 2004 2005 2006 2007 2008 2009 2010 2011 ZM? 0 2013 34 IS
H Hydropower M Biomass* Wind energy Photovoltaics M Geothemal energy
*including sol'd and liguid biomass, hiogas, hiomethan, landfill- and Soarce: Feders] Ministry for Ecoromic Affairs ard Energy Hasad or AGEE-
sewagezasand the biogenic frection ot waste, from 2010 onwards incl.sewage Stat, Time series ofthe the developrment of renewable enereies in Germary,
5.udgze Areusl2016




Installed Capacity of electricity production from r enewable energy
sources in Germany

Installed Capacity of electricity production from renewable energy sources in Germany
Development between 1990 and 2015

Gigawalt GW|
120
100 mﬂ
82,4 S
80 5,/
65,3

60

40

20

o Il

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2C11 2012 2013 2024 12015
B Hydropower MW Biomass*® Wind energy Photovoltaics B Geothemal energy
*inclading sclid and liquid b'omass, hiogas, hiomethan, landfill- Source: Fedzral Ministry for Eccnomic Affairsand Energy based on AGEE-
and sewagegaswitiout the biogen'cfraction of waste Stat, Time series of the the development of renewable energies in Germary,
August 2016




Installed Capacity of electricity production from w ind turbines in
Germany

Installed Capacity of electricity preduction from wind turbines in Germany
Development between 1990 and 2015

7.000 capacityaddit'on in megawatts [MW]| -otal installed capacity in gigawatts [GW]
.
6.000 -
38,6 GW
.
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< o o
m
4,000 s =
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™~
Bt
2.000 _— 3 — 3 —
. ™ = D
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=3 [+2]
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0 — ™~ m ™~ ™~ O A

2000 2001 2002 2003 2004 2005 2006 2007 2008 200% 2010 2011 2012 2013 2014 2015

Wind energy onshore Wind energy offshore

Soarce: Federal Ministrv for Economic Affairs and Energy based on AGEE-
Stat, Time series of the the develoament of rerewable energies ia Germany,
August?2016




Installed Capacity of electricity production from P V-installations in
Germany

Installed Capacity of electricity production from PY-installations in Germany
Development hetween 1990 and 2015

capecityaddition inmegawatis ‘MW] tozal installed capacity in gigawatts [GW]

B.000 Za7a 7485 760

7.000 e ]

6.000 s

5.000 s

4000 . BEm
509 T
2.000 v m o O O

1.000 £74
0 - r Py ¢ ...-.....;...-.-..-vul-----.""'l""

2000 2001 2002 2003 2004 2005 2006 2007 2008 200% 2010 2011 2012 2013 2014 2014

Photovoltaics

Source: Federal Min'strv for Economic Affairs ar.d Energy besed on AGEE-

Stat, Time series of Jie the development of renewalle energies in Germany,
August2016




The “residual” load needs flexibilities

Gross electricity generation and residual load in Germany in a sample week in April 2022 with 50% renewables

80
70
60
50
40
30
20

[GW]

10
0

Mo

Tu We Th

B Biomass
. Wind Power

Residual Load

Own calculation

Source: Agora 2016

Figure 8

Key flexibility options
80
70 Flexible operation of thermal
60 power plants
Grids and transmission capacities for
Import/Export
Demand Side Management

Storage (Batteries, Power-to-X)

Further Integration of the electricity,
heating and transport sector

Ffr Sa So Mo Tu We Th F Sa So
B Hydro Residual Load
Photovoltaics
—— (onsumption




Wholesale electricity prices 2007-2015

Wholesale electricity prices (1-year future) in Germany, 2007 - 2014 Figure 15

140
120
100

80
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40
20

0
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Source: Agora 2016
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Composition of electricity prices

Sum of the price on the electricity exchange and the renewable energy surcharge in cent/kWh

10.55 10.46

9.96
0.58 9.77

8.96

4.22
527 3.79 3.42

2011 2012 2013 2014 2015 2016

M The renewable energy surcharge Electricity price (Phelix frontyear future: 70% base, 30% peak)

Source: own calculations based on information from www.netztransparenz.de and the European Energy Exchange

Source: BMW,i 2016
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Renewable electricity is intermittent and could be
Source: BMWi 2016



A GREENHOUSE GAS NEUTRAL
SOCIETY



ermany as a Greenhouse Gas Neutral Society is much m  ore
than 100% renewable energy!

Therefore we need to foster public acceptance and a well-coordinated collaboration

et



UBA study: “Germany 2050: A greenhouse gas-neutral country”
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Conclusions — Greenhouse Gas Neutral Germany 2050

 The GHG-neutral energy supply is technically feasible

* Final energy consumption can be halved , if saving potentials are
consistently exploited and efficiency is increased across sectors.

« Conversion of renewable electricity into chemical energy sources:
Power to gas or liquid — PTG & PTL will be important to supply
iIndustry with fuels and chemicals and also the transport sector with fuel.

* In an electricity-based GHG-neutral energy supply system, energy
losses will be higher

« Because its production is more energy-efficient and no carbon source is
needed, hydrogen should be used as a final energy source.
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Prof. Dr. Uwe Leprich
uwe.leprich@uba.de

http://www.umweltbundesamt.de/en




