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Globally, the transition to “clean and safe” energy systems moving away from fossil fuel-dependent energy Q2= Xt I SO K| SAI9| Of| L K[| H| 7 OZHA|CHRE X| L2HE 0| Al2bsE A%ES 7|X |1 YSS 25811
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has made great efforts to build a clean and safe energy system since 2017, suggesting energy transition
as a key national agenda. As a part of such efforts, the Korean government has established the 'Energy
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to 2040.
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to address future challenges and explore new opportunities. Various domestic stakeholders and overseas
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in the implementation of energy transition in Republic of Korea.
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95% of the German population support further
expanding renewable energy
Increased use and expansion of renewable energy is...

Very or
extremely
important: 65 %

Important: 30 %

923% of the German population support further
expanding renewable energy
Inereased use and expansion of renewable energy is...

Not very

important or
not important 7
atall: 4% ———m 4

Important: 27 % - extremely

impartart: 68%
I don't know, no

answer: 1%
o M
Source: Poll from Kantar Emnid commissioned by the BE ver.d

: barely

Renewable Energies Agency, 1,016 polled Hant: 6% ——=
As of: 712017 Eal

©2017 Renewable Energies Agency

I don't knaw, no
answer: 1%

Source: Poll from THS Evinid commissioned by the | RENEWABLE
Ranewakle Crergies Agency, 1,000 palled | ENERGIES
Asof: 9/2014 AGENCV

#2316 Rencwes ale Eaegias Agnzy

A
EM S Of K|S AICH 2SS0 ARSN 224 2| shAufot

High approval of renewable energy plants "
near one’s own home

Approval of renewable energy increases with previous experience.

23
Ql o
152 X0 X|of] CHsl =X Q1 o] &
Sustainability and climate protection are
the most important advantages of renewable energy
Which statements do you agree with? (Multipte answers possible)
Renewable energy... AANIR = (£0]2)
.. contributes to a more secure future =1 2 0| OLA S O
rorcnmmges . I 77 1. 72 %o} RHol fwet oj2o) Aol |
. protects the climate. \ 2. 7|zHsto)| 2 \
... makes Germany
more independent from k%] ‘ 3. E¥o| Y HX| AR 7| ‘
imports.
.. gives citizens a chance to — —
participate in eneray supply 5% ‘ 4. O L A|48AO A|DIEE EOT 78] 2HA| = ‘
matters.
... leads to mare competition in g
the energy sector.
.. strengthens small and medium _m]
sized businesses.
... ultimately lowers the costs m
for consumers,
Source: Poll from Kantar Emnid commissioned by the :
Renewable Energies Agency, 1,016 polled : EEEE&EE"E
As of: 7/2017 ¢ AGENCY
©2017 Renewable Enargias Agency ! renawables-in-germanycom
24

42

(S2 xHAIo|E 2K O L] AlY X0 ChE SR E

[ =

4o HX] Al 65%

[&] 3l
Power generation in the neighbourhood is considered to be good or very good... " EH Ot JC_’I- 2% {94%)
RE plants in general 65% - =EH 57% (69%)
Solar parks | . 7|.ﬁﬁE_1l 20% (50%)
Wind energy plants - % ;El 6% (5%)
Biomass plants 38% -
= MEeY 5% (14%)
Gas power station 20%
{ ): 010 I8 A0 U=ET
Nuclear power plant 6% 5%*
Coal power station ]5%[] 14 %* "Those polled with said plant already in ' igh approval of renewsble energy plants near

their neighbourhood  one's own home
Power generation in the neighbourhaod is found to be good or very good...

Source: Poll from Kantar Emnid commissioned by the : RENEWABLE — - -
Renewable Energies Agency, 1,016 polled | ENERGIES Solar parks | Bew
As of: 7/2017 i AGENCY Wbdgsrizr lanls :»—-;,:ﬂ oone
©2017 Renewable Energies Agency  renawabins - germanycom
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Renewable energy in the hands of the people
Ownership distribution of installed RE capacity for power production in

Germany in 2016
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Onshore Wind Atlas for Denmark

Figure 2.The figure illustrates onshore the wind power
density in Wm2 at a height of 45 m above ground level. The
range of mean wind speed is approx. 5.5 m/s (the dark blue)
to approx. 7.5 m/s (the dark red).
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High-tension power lines and wind turbines are seen at dewn near a coal-fired power plant at

Haemel Id Sehnde, G y | KoemerGetly images

Going electric, but not in my backyard

Europe needs thousands of kilometers of new power lines for green
energy — but local resistance is strong.

By ANCA GURZU | 10/9/18, 11:00 AM CET | Updated 1115/19, 11:07 AM CET

Europe's shift to green energy faces gridlock — and a big reason is determined
opposition from people like Brigitte Artmann.

‘ “Everything coming from Europe is perceived by
certain groups as a threat to local identity"

— Antonella Battaglini, CEO of the Renewables Grid Initiative
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Prof. Devine-Wright researches social and
psychological aspects of new energy
infrastructure such as wind farms, drawing on
the concepts of place attachment and place
identity to explain "NIMBY' responses. He is
based at the University of Exeter, UK.
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EMERGY

Political Breakthroughs Brighten Outlook for
Germany'’s Grid Expansion

A new grid expansion law and an agreement between southern states and the federal government
revive Germany's transmission buildout.
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Renewable Energy,
New Opportunities in Jobs and
Industry Transition
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| Moderator |

Prof. Soon-Jin Yoon, Seoul National University (ETF Korea Board member)

| Presentation |
1. Korea's RE100 Vision and Job Creation

Prof. Jong Ho Hong, Seoul National University (ETF Korea representative)

2. Current situation of renewable energy in Europe -challenges and

opportunities for sustainable jobs in a growing industry

Mr. Rainer Hinrichs-Rahlwes, Vice-President: European Renewable Energies
Federation (EREF); Board Member: German Renewable Energy Federation (BEE)

3. German's current situation of energy transition - chances and
challenges: quantitative and qualitative aspects regarding jobs and

structural change

Prof. Dr. Manfred Fischedick, Vice President, Wuppertal Institute

| Panel Discussion |

Mr. Junmo Gu, Executive Committee Member, Energy Labor Society Network
Mr. Taesub Nam, Chief of Policy Department, Federation of Korean Trade Union
Mr. Woosik Jung, Vice President, Korea PV Industry Association

Mr. Jin Wee, Director, GS Windpower Co.,Ltd.

Mr. Jungmin Park, Head of Market Development for Korea, @rsted Korea
Mr. Jinsu Shim, Director, Ministry of Trade, Industry and Energy (MOTIE)
Mr. Morten Dyrholm, Group Senior Vice President, Vestas (Chairman of the

Global Wind Energy Council)
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Mr. Rainer Hinrichs-Rahlwes
Vice-President: European Renewable Energies Federation (EREF)
Board Member: German Renewable Energy Federation (BEE)
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EREF

European Renewable Energies Federation

Renewable Energy in Europe

Current situation, challenges and opportunities
for sustainable jobs in a growing industry

Rainer Hinrichs-Rahlwes, EREF Vice-President

Seoul, South Korea, 24 October 2019
KIREC-Side Session: Renewables opportunity: new Industry and green jobs

EREF
European Renewable Energies Federation A b o u t E R E F

Federation of associations from EU Member States,
working in the sector of energy produced from
renewable sources

Voice of Independent Producers of Energy from
Renewables

Advocating level playing field and non-discriminatory
access to energy markets

Cooperating with national, European and
international associations for stable and reliable
policy frameworks in Europe and beyond

= Reaching out to international organisations and
networks (e.g. REN21, IRENA, Globall100RE, IEA, ...)
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EREF

European Renewable Energies Federation

Structure

A. Europe’s RE-Industry in the Global Context

B. Europe’s Achievements and Challenges
l. Status of Renewables in Europe

Il. Targets and frameworks for 2020
Il Targets and frameworks for 2030
V. Long-term strategy: Climate-neutral 2050

C. Opportunities ahead

Global New Investment in Renewable Energy by Technology in Developed, Emerging and Developing Countries, 2018
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Global New Investment in Renewable Power and Fuels in Developed, Emerging and Developing Countries, 2008-2018
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EREF

European Renewable Energies Federation

Global New Investment in Renewable Power and Fuels, by Country or Region, 2008-2018
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Note: Data are in current USD and include government and corporate

research and development (RE&D).
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EREE

European Renewable Energies Federation

Total capacity or generation

(end 2018)
1 N IS N s——

v{?g’ REN21 RENEWABLES 2019 GLOBAL STATUS REPORT

Renewable power capacity
(including hydropower) China United States | Brazil India Germany
F:I%m:lgg pma;rcapachry China United States Germany India lapan
able power
(not including hydropower Iceland Denmark Germany/Sweden Finland I
Bio-power generation China United States | Brazil Germany Ingia
O Bio-power capacity China United States | Brazil India Germany
Geothermal power capacity United States | Inconesia Philippines Turkey New Zealand
B Hydropower capacity* China Brazil Canada United States | Russian Federation
B Hydropower generation* China Canada Brazil United States | Russien Federation
Solar PV capacity China United States | Japan Germany India
Solar PV capacity per capita Germany Australia Japan Belgium Italy ]
e ey | Spein United States | South Africe | Morocco India
B Wind power capacity China United Stales Germany India Spain
E Wind power capacity per capita | Denmark Ireland Germary Sweden Portugal |
m -
B S psechetigoiecty | e United States | Turkey Germany Brazil
Solar water heating collector -
capacity per capita Barbados Austria Cyprus Israel Greece I
[8] Geothermal heat output® China Turkey Iceland Japan Hungary

EREF 591 GW of Windpower installed
European Renewable Energies Federation 5 1 GW in 2 0 1 8

Wind Power Global Capacity and Annual Additions, 2008-2018

' World Total
G it .
&:swa s 591 Gigawatts
540 _q &0l I Annual additions
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400 0
A
200 198 En
159 —
121
wo — S

2008 2009

2012 2013 2014 25 2016 2017 2018

% REN21 RENEWABLES 2019 GLOBAL STATUS REPORT

Source: GWEC,

EREE

Ian in regexabl;%we[
an not includin wer
over 50 MW) 8 EeRe

Investment in renewable power
and fuels per unit GDP'

Geothermal power capacity
& Hydropower capacity
Solar PV capacity

Concentrating solar thermal
power (CSP) capacity

B Wind power capacity

[ Solar water heating capacity
£ Bicdiesel production

[ Ethanol production

Annual Investment, Additions,
Production (2018)

European Renewable Energies Federation

Annual Investment / Net Capacity Additions / Production in 2018

# REN21 RENEWABLES 2019 GLOBAL STA

China United States | Japan
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Turkey Indonesia United States
China Brazil Pakistan
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China United States | Germany
China Turkey India
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United States | Erazil China

TUS REPORT

India Australia
Iceland/Serbia

Iceland New Zealand

Turkey Angola

Japan Australia

Saudi Arabia -

India Brazil

Brazil United States

Germany Argentina

Canada Thailand

EREF

European Renewable Energies Federation

Wind: China leading by far

Wind Power Capacity and Additions, Top 10 Countries, 2018

Gigawatts
250

+21.1

o

China  United Germary India
States

Note: Additions are net of decommissioning.

I Annual additions

[0 Previous year's
capacity

Spain  United France Brazil Canada Italy
Kingdom

# REN21 RENEWABLES 2019 GLOBAL STATUS REPORT
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505 GW of Solar PV installed
100 GW in 2018

EREF

European Renewable Energies Federation

Solar PV Global Capacity and Annual Additions, 2008-2018
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Note: Data are provided in direct current (DC).
Totals may not add up due to rounding.

% REN21 RENEWABLES 2019 GLOBAL STATUS REPORT

Source: Bacquerel Institute and IEA PVPS,

EREF PV: China leading the way

European Renewable Energies Federation

Solar PV Global Capacity, by Country and Region, 2008-2018
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PV-Markets: From Europe
to APAC and America

IGURE @ GLOBAL TOTAL SOLAR PV INSTALLED CAPACITY SHARES 2012-2018
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EREE

European Renewable Energies Federation

[l EuroPE B AMERICA APAC [ CHINA B MEA

EREE

European Renewable Energies Federation

11 million jobs in Renewables
... and growing

Jobs in Renewable Energy
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Source: IRENA.
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European Renewable Energies Federation
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V. Long-term strategy: Climate-neutral 2050

C. Opportunities ahead

E R EF Share of new installe d capacity in the EU-28

European Renewable Energies Federation Others
Natural gas 0.7 GW
0.8 GW

3%

4%
Biomass
New Power ;;,GW
Capacity
in Europe:

Renewables AT

39%
and
—nearly -

nothing else

Source: Platts, SolarPowerEurope, WindEurope

EREF

European Renewable Energies Federation

EUROPEAN UNION O

1.2 million jobs
. Solid biomass: 387 000 jobs

© Wind: 314 000 jobs

Solar PV: 96 000 jobs

Source: IRENA — Renewable Energy and Jobs, Annual Review 2019
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EREF PV-Markets in Europe: Stabilizing

European Renewable Energies Federation

EUROPEAN ANNUAL SOLAR PV INSTALLED CAPACITY 2000-2018
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EREF PV (Europe): >30 GWa by 2023 EREF Windpower: Growth slowing down

European Renewable Energies Federation European Renewable Energies Federation

EUROPEAN ANNUAL SOLAR PV MARKET SCENARIOS 2019-2023

Gross annual onshore and offshore wind installations in Europe

60 — 18 30 18

50 — 48.0

20 —

Gross installations (GW)
Gross installations (GW)

10

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 B Onshore M Offshore

Source: WindEurope
| Historical data " Low Scenario High Scenario — Medium Scenario

Source: Solar Power Europe 2019
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E R E F PV (Eu ro e ) . Cumulative onshore and offshore installations by country
p -

S

European Renewable Energies Federation

More Markets Growing s
® 50
>~
&
§ 40
CAPACITY ADDITIONS AND SHARES OF TOP 10 EUROPEAN SOLAR PV MARKETS IN 2018 AND 2023 o
S 30
=
2018 2023 48
2 20
15%:1.644 oW >
Germ Rest of Eu Sermany E
26%; 2,047 MW 18%; 8,424 MW 20%; 6,140MW 0 10
Spain 3%; 268 MW
Russia 3%; 310 MW Poland 296; 623 MW 0
el R s .
Hungarymuow voRlei T, 25.4GW " ¢ 5 % ¢ F § & 8 ¥ % v 2 E e 2 5
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Source: Solar Power Europe 2019 20
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gross annual onshore and offshore wind installations in Europe

Others  Germany
ooy

Gross installations (MW)

> ~ o € £ > > > c o e o ) n
s 2 § % 2 &£ : & %8 £ g ;% g 2

= o - =3 - - w @ e =4 -
= ™ = [] = o (7)) c b 6] O
@ z ]
o I o

M Onshore W Offshore

969 1,312 2 - 309 - - - 5 - 61

| 2,402 589 1,563 717 204 497 480 452 392 356 220 230 207 706
Fotal 3371 1,901 1,565 717 513 497 480 452 397 356 281 230 207 706

Source: WindEurope

EREF

European Renewable Energies Federation
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EREF Europe’s 2020 Targets & Framework

European Renewable Energies Federation
At least 20% Renewable Energy in GFEC
Differentiated binding national targets
Indicative trajectory for each MS

At least 10% Renewables in transport (EU & MS)
At least 20% Efficiency Increase

At least 20% (30%) GHG-Reduction

Legal framework to secure implementation:

* National Renewable Energy Action Plans

* Biannual reports

* Cooperation mechanisms: MS sharing efforts
* Infringement in case of non-compliance

EREF On track for the 2020-targets?

European Renewable Energies Federation

Share of energy from renewable sources
in the EU Member States

(2017, in% of gross final energy consumption)

i REHt ot
ec.europa.eu/eurostati %g
Targets likely to be missed!
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EREF Clean Energy for all Europeans
European Renewable Energics Federation Pa C ka g e ( ”Wi n te r P ac k a g e ”)

(11.2016 — 04.2019)

Energy Performance of Buildings Directive (EPBD)

v

v

Energy efficiency Directive (EED)

Y

Renewable Energy Directive (RED)

Governance Regulation

A

Market Design Initiative (MDI):
Electricity Market Regulation

v

» Electricity Market Directive
» Risk preparedness Regulation

» ACER Regulation

EREF

European Renewable Energies Federation

European climate and energy targets

2020

2030

-20 % 20% 20 %
GHG renewables energy

emissions efficiency

renewables energy
efficiency

EREF Renewable Energies Directive (Recast)
European Renewable Energies Federation & GO vern an ce Regula tion

* EU-binding Renewables-target >32% of GFEC (review
2023, indicative milestones, no binding national targets)

i * National Energy and Climate Plans (NECP) - drafts by
2018, final 2019

* @Gap filler, One-stop-shops, Common rule book for
support schemes

* |ndicative Heating & Cooling target: annual increase of
1.3 pp

| = Transport target 14% (cap for G1-biofuels, food and crop
based, gradual phase out of palm oil, sustainability criteria
for biofuels)

= Self-consumption and Renewable Energy Communities

30
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EREF Market Design Initiative (MDI)

European Renewable Energies Federation

Priority dispatch and exceptions from balancing
responsibilities for renewable power < 400 kW (as of
2026: 200 kW

Last curtailment for renewable power
Market based redispatch and system services

Access for renewables to all markets segments ( “as
close to real time as possible”)

Cross-border cooperation of TSOs and DSOs
Limits to national capacity mechanisms

Citizens’ energy communities have the right to
produce, store, distribute and sell energy

Active customers may produce, store or sell electricity
(including through PPAs and with the help of aggregators)

EREF The Commission Draft

European Renewable Energies Federation

EUROPEAN
COMMISSION

Brussels, 28.11.2018
COM(2018) 773 final

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE, THE COMMITTEE OF THE REGIONS
AND THE EUROPEAN INVESTMENT BANK

A Clean Planet for all
A European strategic long-term vision for a prosperous, modern, competitive and
climate neutral economy

EREF Structure

European Renewable Energies Federation

A. Europe’s RE-Industry in the Global Context

B. Europe’s Achievements and Challenges
l. Status of Renewables in Europe

Il. Targets and frameworks for 2020

Il Targets and frameworks for 2030

V. Long-term strategy: Climate-neutral 2050

C. Opportunities ahead

FEREF The Portfolio of options: 8 Scenarios ...

I-'\u'opx:-m Renewable Energies Federation

Long Term Strategy Options |
Energy Clreular 1.5°C L5°C Sustainable
Electrification Hydrogen Power-to-X Efficiency Economy Combination Technical Lifestyles
(ELEC) (HZ] {p2x) [EE) tmcl (COMBO) (1.5TECH) {1.5LIFE)
E-fuels in Cost-efficient Based on
Electrification in industry, """J"' £aep mm ana combination of 0::;';:‘““ COMBO and
all sectors Iranspwtand transport and IH* material options from 2°C more BECCS, CCS CIRC with
buildings buildings efficiency seenarics lifestyle changes
GHG target -BO% GHG [excluding sinks) -90% GHG (inel. -100% GHG (incl. sinks)
In 2050 [“well below 2°C" ambition] sinks] ["1.5°C" ambition]
* Higher energy efficiency post 2030 * Market di for infr s
Major Common * Dap of d biofue: = BECCS present only post-2050 in 2°C scenarios
Assumptions * Moderate circular economy measures sunll'i:am leearning by doing for low carbon technologhes
* Digitilisation in the the transport system.
P = Power is nearly decarbonised by 2050, Strong. of RES facili
(demand-side response, storage, Interconnections, role of prosumers). Nuclear still plays a role nth! pwm sector and CCS deployment faces limitations.
UseofHZin  Useofegasin  Reducingenergy  ‘hermcycing CIRCHLOMBO
Electrification of rll-s.nwrhl
Industry Ve targeted targeted demand via abaid Combinption of but stronger
Energy EF circular mast Cost-
nemased efficient options
Bulidin dolpimmnl of Deploymentof  Deploymentof  IMENSS . Sistinable  from -welibelow ~ COMEObut  CIRCHCOMBO
L i H2 for heating  e-gas for heating and depth budldings 2°C" scenarios stronger but stronger
Py with targeted
Faster application * CIRC+COMBOQ
rifi fi “':rd o s for Increased Makbsility as a {excluding CIRC} but stronger
: moddal shift senice = Alternatives to
% Las! some for LDVs oll modes S taial
Limited * Dietary changes
Other Drivers B2k e Egasingay enhancement  * Enhancement

distribution grid  distribution grid natural sink natural sink

* Only 2 scenarios close to -100% (= 1.5° C ambition)
= NO 100% Renewables Scenario included
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EREF

European Renewable Energies Federation

! » Presented as EU’s contribution to COP24 —instead
of higher 2030 GHG-reduction target cgnovembersne)

Controversial Debate

» Austria, Ireland, Lithvania, Luxemburg
» scenario for a 2100% renewable energy future missing
» ask to work on a 100% RE scenario for future drafts

» European Parliament w; varch 200
» endorses objective and calls on Member States to commit
to the required ambition
» regrets absence of scenarios aiming at a time before 2050
» calls for a highly energy-efficient and renewable-based
energy system
» asks for increasing GHG-reduction target to 55% by 2030

4 European COUI’IC“ (14 March 201g)
» emphasizes "the importance of the EU submitting an
ambitious long-term strategy by 2020 striving for climate
neutrality in line with the Paris Agreement”.

EREF

European Renewable Energies Federation

Structure

A. Europe’s RE-Industry in the Global Context

B. Europe’s Achievements and Challenges
l. Status of Renewables in Europe

Il. Targets and frameworks for 2020

Il Targets and frameworks for 2030

V. Long-term strategy: Climate-neutral 2050

C. Opportunities ahead
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EREF

European Renewable Energies Federation

! * Long-term Decarbonisation Strategy
* to be agreed and decided in 2020
= toinclude 100% Renewable energy scenarios
* toinclude updated GHG reduction target for 2030
(-45% —> -55%) and milestones before 2050
* to look into earlier than 2050 achievement of #NetZero
= to be important building block for upwards review of 2030
targets for Renewables and Energy Efficiency
" to serve as input for review of NDC (UNFCCC)

From Challenges to Opportunities

* Policies and measures to still to be agreed and
implemented to achieve #NetZero2050 ... or more ...

» Innovative industry and value creation
» Multiple environmental and health benefits

» 2-3 million jobs by 2030 - distributed along the value
chain and throughout Europe

100%

RENEWABLES

Source: Hitp.faol00re.nelf

EREF

European Renewable Energies Federation

Thanks you for listening
and

Leave a liveable planet to future generations!

rainer.hinrichs@eref-europe.org rainer.hinrichs@bee-ev.de

www.eref-europe.org  www.bee-ev.de
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) ) The German energy system — a brief introduction
Introduction and overview Primary energy Mix 2018 in Germany — very diversified structure, still fossil fuel

+ Introductory remarks dominated but with a dynamic increase of renewable energies

+ Current status and most recent developments
Primary energy consumption in petajoules (PJ)

— Primary energy mix and electricity generation portfolio

N Others / export balance -
53
0.4% -7

— Energy Concept 2010 and 2011 — starting point for the German
Energiewende

— Climate protection law and climate protection program 2030 decided by
federal cabinet on October 9t 2019

* Resulting challenges for the implementation of the Energiewende
+ In-depth views on implementation challenges il

Innovation dynamic as consequence of entering new areas

Establishing and maintaining of renewable energy market and associated
jobs

Phase out coal and associated structural change

Hard coal
1,301

— Greenhouse gas neutral energy intensive industry e

+ Concluding remarks

Decoupling of primary energy consumption and economic growth
o Despite economic growth primary energy use has been slightly decreasing
Energy system transition in Germany — current status and most over the last decades — fluctuations are due to weather/conjunctural specifics
recent developments

Primary energy consumptionin petajoules (P1)
16,000

14,000
12,000
10,000
8,000
6,000
4,000

2,000

1990 1992 1954 1996 1998 2000 2002 2004 2006 2008 2010 012 014 2016 2018
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B . Energy system transformation in Germany
The German energy system —a brief introduction German Energy Concept as central starting point - central milestones and

Share of energy sources in gross German power production in 2018 underlying targets for German Energiewende

1.400.000 © Current in 2015;
908 Mio. t COsu
a -7 % compared to 190

ME=—t D

Power production in terawatt-hours (TWh)

German energy
concept — launched in
2010 (adapted in 2011)

1.000.006°H German government 2007/2009

= Mcrk abricl; -40% to 2030 conditional)
£00.00004 0 grkel/Rottgen: 40%, to 2020

Hard coal

Emissionen in tausend Tonnen COyeq
H%

=  Reduction of GHG emissions: a

80-95% until 2050
= Renewable energy share of gross final energy

Plan rur AKW-Abschaltung

consumption:
60% until 2050 2015
= Share of electricity production from renewables: 3017
80% until 2050

2019

= Reduction of energy demand compared to 2008:
- Gross final energy consumption 50% until 2050

- Gross electricity demand 25% until 2050 2022

Nudlear i =  Nuclear power phase out

) Shutdown of all nuclear power plants until 2022

2021

Achieving the goals while guaranteeing competitiveness, taking social concerns and system
stability into consideration (sustainability triangle as underlying principle)

Energy system transformation in Germany
Why further efforts are necessary — significant climate protection gap 2020

Energy Concept 2010 and 2011 — starting point for the German
Energiewende

Mt CO.e? 1990 = 100 %
1250 - -100
Climate Protection Gap

1 000 - — - 80
750 - - 60
500 A L 40
250 4 — - 20
0] 0

1990 95 00 05 10 15 17 20 25 30 35 40 452050

-
e

MMM Dot s

S Dl Dgtnnt 12000 — (L hmaponi T2 0w T0. # gk T

Eremcous 03 Firmmctet
Py —
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Energy system transformation in Germany
Why Germany is not able to achieve the 2020 target — energy efficiency targets
are not achieved

W Zielbasisjahr bis 2015 W 2015 bis 2020 W 2020 bis 2050
produktivitat Gehaude Verkehr werbrauch werbrauch emissianen
a0
3.2
X
21
0 1.3
10
Veranderurgen 01
in%prodahs 0.0
-1.0
- -1 11
20 15| 3 s
24 2.3
=30 ET)
-3,0 38 36
50 45
i Gebaude Verkehs verbrauch verbrauch e Bsinen
Ziele im Bereich erneuerbare Energien
Anteil Anteil Anted Anteil
am am [ { am L
verbrauch energleverbrauch
Wahescheinlichiel: der Zielerfillung bis 2000:  wahescheinlich () rikcht sichergestelit umu.\luwh-mkh.

Energy system transformation in Germany
Why further efforts are necessary — major public pressure to put climate
protection at the top of the agenda

Symbalfote: dpa. Fote: dpafPeter Zschunke

Energy system transformation in Germany
Why Germany is not able to achieve the 2020 target — constant contribution of
coal fired power plants to CO,-emissions

Die CO=-Emissionen der Stromerzeugung sinken aufgrund des Rickgangs der Steinkohle auf niedrigstes Ni-
veau seit 1990; CO:-Emissionen der Stromerzeugung von 1990 bis 2018 Abbildung 3-2

800
700
600

iz
400 ?éi
300 S

=
200
00

Mio. t

P

mmm Braunkohle mm Steinkohle
e Erdgas m Mineraldl
— 00 st SONstige

—— Emissionsfakior des Strommixes

Umweltbundesamt (20180, *vorlsufige Angaben, Schatzung Umweltbundesamt, ~*eigene Berechnungen

Energy system transformation in Germany
Why further efforts are necessary — major pressure also from industry to take
over responsibility and to provide stable regulatory conditions

Even conservative industrial associations acknowledge GHG mitigation goals and even
expect positive national economic impulses

“Sustainable climate policy enables a huge
number of our companies good chances to
benefit from a growing global market for
climate friendly products, processes and
seervices.”

Dieter Kempf, President of the Federal Association
of the German Industry (BDI)
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Energy system transformation in Germany
Why further efforts are necessary - Industry companies take action
Selected examples

Thyssenkrupp will become GHG-neutral by 2050

The steel company Thyssenkrupp will become GHG-neutral
by 2050 through combining CCU and Direct Reduction of Iron
—> green hydrogen as crucial building block for processes

Bosch aims to achieve with its production processes GHG-
neutrality already until 2020
Daimler will CO2-Ausstof auf Null

Q o - senken - bis 2039
i ¢ |1€ (&

{ Kompensaions- Zuiauf New Energie- >
mailaakemen Chostrom Clean Power effizienz

@ BOSCH

Irvented for life
B Quelle: Manager Magazin 2019

pressede/pressportal/de/def)

Most recent developments - Climate protection law and climate
protection program 2030 decided by federal cabinet on October 9th
2019

Energy system transformation in Germany
Why further efforts are necessary — fix commitment on EU level with financial
consequences if targets will not be achieved

» Wenn die Emissionen in den Sektoren Transport, Gebaude und Landwirtschaft nicht deut-
lich reduziert werden, muss Deutschland im Rahmen des Europdischen Effort Sharings
Zertifikate von anderen EU Mitgliedsstaaten zukaufen.

v

Fdr den Zeitraum bis 2020 kénnen sich dadurch Kosten von bis zu 600 Mio. Euro ergeben,
Von 2021 bis 2030 wird angenommen, dass die Zertifikate erheblich teurer werden. Selbst
bei den derzeit als optimistisch anzusehenden Emissionsentwicklungen der Szenarien im
letzten Projektionsbericht ergeben sich damit Kosten von 5-30 Mrd. Euro.

v

Um diese Ausgaben zu vermeiden und um die Erreichung der Reduktionsziele bis 2050 zu
ermoglichen, sollten zusatzliche Politiken und MaBnahmen ergriffen werden, die insbeson-
dere in diesen Sektoren wirken.

(S5} 0 T
e Lnl e £ g g gg el
o adl _g Foo = ol
=5 a 3 ed
g g i-m + _o.__' = am%
E “f% g s
g =3 g g .I'."'o._
E 350 -
iz !
= B A »
g8 g
o= =]
g grg 2% + T T T v e
oFJ SEEEE3Ei i3 3iiEEEEissniN
B %ﬁ — S0 Dasiah S ALA Doteiungen B ESD-Denissicnn --# - ESD-MMS 8- £50 MWMS

Energy system transformation in Germany
Political response — decision of federal cabinet to establish a climate protection
law and climate protection program 2030

Tl rostrmen o | Dieser Artikel wurde susgednuckt unter der Adresse:
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Resulting challenges for the implementation of the Energiewende

Resulting challenges for the implementation of the
Energiewende
Multi-dimensional challenges require appropriate approach Future

Literacy

We have to find ways to deal with multi-dimensional
challenges/barriers associated to transformation process
which is no straight forward process

Governance

= Technological challenge (System integration of volatile renewable energy supply
characteristic)

= Compatibility challenge (Suitable cooperation scheme between conventional and new
technology options)

= Infrastructure challenge (Further development of appropriate infrastructures (e.g. smart
and super smart grid)

= Investment challenge (Sufficient incentives to steer capital in the necessary direction)
= Resource challenge (Avoid negative resource impacts, e.g. critical resources)

= Stakeholder challenge (Overcome persistence forces of established stakeholder)

= Policy challenge (Integrated, reflective and adaptive policy regime, mix of instruments)

= Social challenge (Public acceptance of renewable energies and associated infrastruc-
tures; participation in terms of decisions taking and investments, sustainable life styles)

= Innovation Challenge (Combined system innovations, embedded technologies)

= Structural change (Find appropriate solutions for potential looser of the transformation
process)
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In-depth views on implementation challenges

Innovation dynamic as consequence of entering new areas -
provides a huge chance for good positioning of future export
markets
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Innovation dynamic as consequence of entering new areas Innovation dynamic as consequence of entering new areas
Electricity generation mix 2018 already charaterized by high grad of volatility The paradigm shift from base load to volatile electricity generation — increasing

need for provision of flexibility options

o, One typical week in April 2022 with 50% renewables: Key flexbilty options

120 GW

§
5

Grids and transmission capacties for

heating and ranspart secor

04 WO ELES 0T

oogiam B

pawer Generation and cansumpl ion

i e 0 30

200gNh

Apr 18 Mai 18 dom 18 du"18 g a Sep 18 Ont "8 LTl ] Doz 18 dan 19 Fabs 1% L]
L ] plants @ % Sotar @ Wind Onshore @ Wind Otfshors @ Hydro @ Blomass  — Electricity Consumption
== Estimated Electrichty Corsumption L L Lo ® oy ® L = £02 Emission Factor of powsr mix

Innovation dynamic as consequence of entering new areas
Lessons learned - grid stability and reliability could be secured while RE share
grew substantially (security of energy supply)

Innovation dynamic as consequence of entering new areas
The paradigm shift from base load to volatile electricity generation — increasing
need for provision of flexibility options

25
System Average Interruption Duration (SAID) -
Index is even shrinking ) ﬂ ﬂ DIGITAL AND SMART NEW
20 7 000 TECHNOLOGIES AS ENABLING
TECHNOLOGIES
® 15 * Aggregation of decentralized
S~
8 production (virtual power
=
E 10 plant)
f/ * Aggregation of supply (pool
5 1 management)} and demand
(demand side management)
0 . T T 1 1 ' . : . 1 1 , HNEE * Independent electricity
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 5@ exchange platforms
i i
==fm=System Average Interruption Duration Index (SAIDI) (in minutes) | T (blockchaln as future optlon}
it i .
=@=Share of VRE sources in gross electricity generation (in %) RRTD + Smart contracts and services
1,.Svstem Average Interruption Duration Index” (SAIDI} describes the cumulative annual average blackout time for customers (for periods Energy Storage System Civil Load  Industrial Load

longer than three minutes), Currently system stability level in comparison to other countries is extremely high.
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Innovation dynamic as consequence of entering new areas
Major options to cover volatile supply — smart tariffs and virtual power plants as
enabler

PRODUCER It = Original load
[ [ «eex Opitimzed load

Salar and wird pewsr
matatlations produce

=+=+ Communication
/ prize signal

o Happy Power Hour
Der dynamische Stromtarif

Establishing and maintaining of renewable energy market and
associated jobs
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Establishing and maintaining of RE market and associated jobs
Growing share of renewable energies in electricity mix over the last decades
marks entry point for second phase of Energiewende (system integration)

Figure 5: Electricity g tion from ble energy sources
in billion kWh Phase 1
250 ¢ Phase 2

Market introduction and learning System integration ned

200 1888 189.7

150

100

50

o
1930 2000

2005 2006 2007 2008 2009 20010 2011 2012 2013 2014 2015 2016 2017

.Hyd(opowt M piomasst .windenergy W ehotovoltaic

1 Solid ard liquid biomass, biogas, bi larwdfill ga gas. sewage dudge icgenic share of waste.,
Geothermal power plants are nat shown here because of the very small share ivolved

Source: Federal Ministry for Economic Affairs and Energy bazed on data from AGEE-Stat and other sources, see Figure 6, some figurés are provisional

Establishing and maintaining of RE market and associated jobs
Lessons learned - extension of renewable energy technologies as major driver
for employment in Germany — decrease of PV jobs through global competition

Figure 35: Development of gross employment from renewable energy in Germany
Number of employees

450,000 416200

400,000 il

350,000

300,000

250,000 218,700
200,000

150,000

106,700
100,000

50,000

0
2000 2005 2010 2011 2012 2013 2014 2015 2016

.Hydmpowr .Windenelgy .Solarenelgy M ciomass .Geothermaler\ergy
Source: GWS [51]

Since 2018 slight increase of jobs in PV industry through high-tech material cells,
system integration, hybrid solutions (incl. storage systems) etc.
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Employment projections for the Energiewende
Most likely Energiewende creates in a net-balance consideration more jobs

than BAU

Abbildung 10
Bevolk g im erwerbsfahigen Alter und Er i
Entwicklung der 15- bis 65-jahrigen Bevilk und rb im und GI5-5zenario, 2020-2050 (in Mio.)
&0
S4.0
.\139
0 Ak
A0
429 430
A0 M1
a0 a0
66 60
EL .
2020 2030 2040 2050
I Froverbstitige Refereny I Frwerbniatige G5 i Ervveibsalter 15-65 llve
Il Berechiung auf B Piog

Phase out coal and associated structural change

Employment projections for the Energiewende
Most likely Energiewende creates in a net-balance consideration more jobs

than BAU

Anzddung 11
Erwerbstitig nd chaang i Reteron2eensrio swischen 2000 und 2050 Gn % 5 3 und abelt in Ta )
BT * Sergbau 2uf Energretrager
4 =

neraltlarzaugnisae

urigen der Elskmatat, Warme- und Katteversergung

Beschattiungsrucigang o fsd

050 f S1-100 ’f 161150 *** 151200 m. 01250 **’ff

Phase out coal and associated structural change
Integrated and pro-active structural change process is needed (just
transition) providing new opportunities for region and convincing narrative

= Structural change
— Transparent identification of potential winner and looser of the transformation process
~ Crucial milestone: Establishment of a commission "Growth, structural change and
employment” that shall work out a reliable plan to phase out coal based electricity
generation — involvement of relevant stakeholder groups

The strucutral
change process in
the coal industry
(here jobs in the

[ Boschaftiga]

lignite industry)
started already 50 ]
¥ F F L E P F P &P F S
vearsagn B Mtedeutschlond B Lowstz W Andere | BN
*Daten gten okl 3l pung Zwischan 2008 und Intgmolicrt. Dio Werie fr 2014 basicron 3uf dem Monats-
bercht des DEERY. Auftelung aut ce Reviers im Jabe 2004 basierend auf Angaben o den dar

proe nstiot
Barmchoungen des Qg Insliuts.

120

121




A PN

N German'’s current situation of energy transition - chances and challenges: RS =Y o X| M=t o=k -
(> T = quantitative and qualitative aspects regarding jobs and structural change T J|gjet =4 s 2R 20 UX|2|Q LAX] )

Phase out coal and associated structural change
Proposol of the ,,Coal commission® — if fully implemen-
ted by the German government era of coal ends 2038

Lignite based power plants
25.000

R tion to 15 GW by 2022
20.000 eduction to 15 by 20

Reduction to 9 GW by 2030
10.000

Net capacity in MW
[
w
o
8

0 T T T T T T T T T T 1
W OO = N Mo W~
s S e B Y N Y O o R T ' N o O o I o |
o o o o O C o Qo Q
NN NN NN NN NN

==Nettonennleistung BRD am Ende des Jahres
==Nettonennleistung in NRW am Ende des Jahres

Phase out coal and associated structural change
If structural change process is shaped pro-actively it can provide huge oppor-
tunities for new business opportunities and a liveable and prosperous regions

« Maintenance of regional energy-related identity (“energy revier of the future”)
through

— Further development as energy services providing region (DSM, virtual power plants,
gas fired power plants, heat storage power plants) -> region of flexibility (partner for
renewable energies)

— Development as Power to Gas/Liquid Region (incl. CO,-use; in Rhineland pretty good
conditions through strong link to neighbouring chemical industry and existing
infrastructures)

— Development as pioneering region for hydrogen economy

« Further development of interlinkages to innovative future markets based on existing
competences in the region

- Low Carbon Technologies for energy-intensive industries and industrial symbiosis (
— Establishment of demonstration/model region for a Circular Economy
— E-Mobility, Mobility 4.0, smarte mobility services and smart logistic concepts

122

Greenhouse gas neutral energy intensive industry

IN4Climate initiative North-Rhine Westphalia picks up innovation challenge
and looks for “breakthrough technologies” and industrial symbiosis
New cooperation format (innovation platforms) between industry, science and

policy

INdclimate.NRW .

'l_"“ ;-""-'

Official launch of initiative at 11.
September 2018

Gemeinsam fiir eine zukunftsfihige und
klimaneutrale Industrie in Nordrhein-Westfalen

sachmate AW st ainter wnsgange Arnelsplaisom von indkire,

= G Zeide NS
esstlaien v hore Walloewartsdin it ertaten, usitsichas Washstum s saugen und zur Snecung
dlor Cprizer KImaschutzzios bairagen kann,

www.IN4climate.NRW.de
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Concluding remarks

e
CLIMATE
NRW

Broad spectrum of contributing
companies

Byﬁ‘s ProduktionNRW @) tr‘]mt HEIDELBERGCEMENT ﬁp‘ ! y

S e ydz, we= Qe

CURRENTAS %’“ Fon il k LANXESS
e asnany KABEL - RAIN CARBON INC.

74| — R—

POWERTECH

o8

et SRR @E_I!y__quid. Ampricll‘l

Weitere Akteure auf www. indclimate.nrw

IN4climate.NRW as an common initiative to substantially reduce
GHG emissions in energy intensive industries in NRW

Main topics of the initative — stabalizing production sites and
preparation of future green markets (e.g. green steel) + Shaping the Energiewende is not an easy sledding (“Selbstganger”)

+ Transformation of the energy system can not make use of existing blueprints

and is confronted with high complexity and dynamic as well as huge amount of
uncertainties -> this requires a continuous monitoring and solid reflection

How to deal with future challenges
Concluding remark

Technologﬁs
and infra-
structures

(break
through tech-
nologies)

Circular

economy
(products and
value chain)

Policy
framework
(instruments,
strategies,
public
acceptance)

Pathways
(transformati
on pathways

and inno-

vation
roadmap)

.confidence is before you encompass the problem!*

Woddy Alan {American actor}

Source: telegraph.co.uk

124

125




N

German’s current situation of energy transition - chances and challenges: /@,TJ/E S ol x| Mt it -
quantitative and qualitative aspects regarding jobs and structural change T J|3|9b =X QFF A £0 UX}2 |9 XM B

Transformation is possible
Transformation might go rather quickly under certain favourite conditions — no
need to be to pessimistic?

" New York 5th Avenue: the great horse
S manure crises 1894 and the impacts

1913: Where is the horse?
o %

1900: Where is the
car?

T

Powds Easter 1911, Mow York. £l dupra ok rerth Geonge:
Grarsiam lan Cobeckon =

rrese g 1900
- il

Are air quality issues and climate change in combination with shrinking costs of Evs
(incl. batteries) the horse droppings of today?

Thank you for your attention!

Wuppertal
Institut

Transformation is possible and can go very quickly
Maket deployment of renewable energies has been signifcantly
underestimated by IEA World Energy Outlooks

70 ==pp- P\ History
— WEO 2016 New Policies

60 —— WEO 2016 Current Policies
——WEO 2014
50 —WEO 2013
—_—WEO 2012
—_—WEO 2011
40
——WEO 2010

—WEO 2009
30

——WEO 2008

——WEO 2006
20

—— WEO 2004

Annual installed capacity in PV systems
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