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Lessons from German Energiewende
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Energy Transition and Innovation



Green Innovation - Green Tech lead markets

make it beneficial for industry to support the “Energiewende*

ij% Sustainable water management 11.8%

2016 +6.9% 2025
Total: 3,214 peryear Total: 5,902
; REEY! , @ Material efficiency 10.5%
1,491
— Z ps 0
354 — ©oas y, Energy efficiency 9.1%
nesals p— a 988 1,001
— -837. — — == f— Market for environmental technology 8.8%
BEl S ——  —F— e— — G — and resource efficiency ol
— =i =521 = — —
—— = = — 412 —— - ——
=——— —— = === == 210 — - e
=== === === == —— qqp —— ——=—— % Sustainable mobility 8.8%
= - - — = — = ~= — — —
&y E
¢ik Y, @g ] 6
Environmentally friendly power 6.2%
Environmentally Energy Material Sustainable Waste Sustainable \_ generation, storage and distribution o
friendly power efficiency efficiency mobility management water
generation, and recycling management

storage and Y
distribution f#y:Y) Waste management and recycling 5.7%

Source: Roland Berger (2017)
Source: Roland Berger (2017)

$ Federal Ministry
for the Environment, Nature Conservation
and Nuclear Safety
v i -q,‘ ]
016 +8.8% peryear 2025

347 billion 738 billion
euros euros

GreenTech made in Germany 2018
Environmental Technology Atlas for Germany P . H ennn | Cke ) ETCO N 20 1 8



Patent dynamics in Germany in sub-fields relevant Okologische

Innovationspolitik in
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Complexity of the innovation
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Energy Efficiency



Germany and Japan on top of global efficiency ratings
-> but huge cost-effective potentials still exist

2016 InternATIONAL ENERGY EFFICIENCY SCORECARD © ACEEE
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Kein Stromangebot ist so billig wie Energieeffizienz
Kostenvergleich der ,NEGAWatts* mit den , MEGAWatt“ fir die USA
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Energy efficiency Conventional coal ~ Combined cycle Nulear Biomass ~ Wind (onshore)  Sofar PY Hydroelectric
natural gas

Notes: Energy efficiency costs are estimated by Molina (2014) at between USD 20/MWh and USD 50/MWh in 2012, with the average
cost being USD 28/MWh. The levelised cost of electricity generation uses estimates from the US Department of Energy (US DoE) for
new plants in 2019.

IEA, Energy Efficiencyv Market Eeport, 2015

=08.03.2016 Prof. Dr. Peter Hennicke Wuppertal Institut



Climate mitigation + resource efficiency
->an integrated scenario (GreenEe) of the German Env.Agency

Reduction of GHG-Emissions comp.to Government targets
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a) Without international aviation and maritime transport Source: own illustration of model calculation
b) The Federal Government’s targets do not include the emission source group LULUCF.
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P. Hennnicke, ETCON 2018
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Electricity prices and consumption
- higher prices can be compensated by more efficient use!

Enerdata (2015), World Energy Council (2015), own calculations * consumption data from 2013; electricity prices data from 2014

P. Hennnicke, ETCON 2018



Energy Sufficiency,
Energy Service



Weltwirtschaftswachstum frisst Effizienz
25% weniger Rohstoffe pro $ BIP, aber BIP wachst um 82% (1980-2000)
Immer mehr, schneller, weiter oder besser, langsamer, schoner?

Reduzierung des Ressourcen-
einsatzes pro Einheit eines
Produktes/Services

Effizienz (,,besser”) +

Rebound Effekt:
Effizienzgewinne
werden durch
steigende Nachfrage
waufgefressen”

Suffizienz (“langsamer™) +

Konsistenz (*“*schoner™)

21.10.2013

Prof. Dr. Peter Hennicke Wuppertal Institut




“Perverse decoupling”

of GDP growth and life satisfaction - a global problem

For 17 OECD countries GDP/capita and the
Genuine Progress Indicator (GPl/capita)
developed in parallel from 1950 until about
1978, but then decoupled.

What policies are suitable to invert the
“perverse decoupling” of GDP growth and life
satisfaction?

What means “better growth” in a “green
economy”? Which “green” sectors should
grow and which “brown” sectors should be
reduced?

What are technical, societal and structural
“leap frogging” options for the global “South”?

P. Hennnicke, ETCON 2018

GENUINE PROGRESS FLATTENS

World GDP has soared since 1950, but a metric
for life satisfaction called GP| has not.
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The economic benefits of “Negawatts”
140 TWh can be saved with profit — when barriers are removed!

Example of Germany’s budget allocation chart

net costs of conserved energy and CO, abatement costs (total resource cost perspective)
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Einsparkraftwerk in Hannover
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VPP and high-tech decentralization
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Circular or Blue Economy in Korea?
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Energy Revolution by Citizens



Citizen financed energy cooperatives
Status and development of an unexpected surprise!

Overall: 812 cooperatives have been
founded since 2006

« with 165 000 citizens
* 655 million Euro member's capital

* 1,8 billion investments in renewable
energies

Survey 2015: Slower development due to
EEG-reform (e.g. tendering)
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100% Renewable Energy Regions
About 7 of the German population is on the way to
decentralization

Status 2012: More than 120
municipalities and regions are
represented in the network.

Those 100%- regions have about 19
Mio. inhabitants (23,17%) and an
area of about 103 000 km?
(28,81%).

Today (status January 2014) more
than 140 regions participate 4
throughout Germany. e, | it

Status November 2013




Reregulation,
Smart regulation

23



[TWh]

14.000

120

gesamter Strom aus EE

100

@ Vergitung

Einspeisung StromEinspG-vergiteter Strom

EEG 2009
ab 1. Januar 2009
/ 12,000

B Einspeisung EEG-vergiiteter Strom"

80

EEG 2004 ~ 10.000

ab 1, August 2004 _
- 8.000

60

EEG
ab 1. April 2000

40

StromEinspG
ab 1. Januar 1991

— 6.000

- 4.000

—2.000

[Mio. EUR]



=2
I
A
2
fot
ok
[
mjo
(%
ro
)l
I
|0

| Smart Regulation

ziE=lete

L — =

FUEE HE M)

H@IT 1 H

=4 Elers H|xpfEi

§ A2 89 U CHE] e 2yTmass SESEMNNERN EEY MY iR
HE ¥ H{op +2 5 SNAas i §RNHAHE YT AEIEE B2 RY o
UATNRE O T0|2 UL ESE pE Y 84

PP ES A K] B P HE FENNEISUNYE £E W

ESUBHE SUEY BFEE TeYEE
I SHE2 BA SYe FHEY B
AN EN Ao E N YE WEEOOE

FPEEE WAL Y R0l HE

A ot 5 2019



