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Operationalizing SDGs: 6 Transformations

Leave no one behind

Transformation 6 R | ; L N Transformation 1
Digital revolution for "; y 2 ] Education, gender
sustainable development [ =

s :‘i and inequality

Transformation 2
Health, well-being and
demography

Transformation 5
Sustainable cities and
communities

Transformation 3
Energy decarbonization and
sustainable industry

Transformation 4
Sustainable food, land,
water and oceans

Quelle: Sachs et al. (2019), Nature Sustainability

Circularity and decoupling
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1.5°C pathways with overshoot (SR1.5)

Billion tonnes of CO,/yr e Climate neutrality (net zero

emissions): emissions and GHG
removal (through biological and

In pathways limiting global warming to 1.5°C . . .

with no or limited overshoot as well as in geOChem|Ca| SlnkS as We” as dlreCt

pathways with a high overshoot, CO2 emissions

are reduced to net zero globally around 2050. air Ca ptu re and Storage) are
balanced.

— 2050 with small exceedance

— — 2060 with exceedance
Four illustrative model pathways 1

— 2070 for 2C targets
P1 (see also Geden/Ldschel 2017,
10 Define Limits ..., Nature
P3 .
Geoscience)
- P4
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Timing of net zero CO2 —  meesssssm — Pathways limiting global warming to 1.5°C with no or low overshoot Source: |PCC (2018), SR15 SPM

Line widths depict the 5-95th

percent!le and the 2_5'T5th Pathways limiting global warming below 2°C
percentile of scenarios {Not shown above)

Pathways with high overshoot



Net-zero energy transition

Critical areas for net-zero energy system transition (IEA 2020):

Adress existing assets in power generation and industry

* Spur clean energy innovation: Strengthen markets for technologies at an early
stage of adoption and boost support for research, development and
demonstration (electrification, H2/synfuels, CCS/CCU, bioenergy)

* Develop and upgrade infrastructure which enables technology deployment

* Forster international cooperation
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Climate neutrality

Abatements 2050

@ Renewables 95
(power and direct uses) Jo

¢ Energy conservation
and efficiency”*

Electrification in end use sectors
(direct)

¢ Hydrogen and its derivatives®
® CCS and CCU industry

© BECCS and other carbon
removal measures

GICO,/yr
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ENERGY OF THE FUTURE

Commission on the Monitoring Process

Monitoring the Energy Transition
http://www.bmwi.de/Redaktion/EN/Artikel/Energy/
monitoring-implementation-of-the-energy-reforms.html

#

&
PP Second Monitoring Report
o "Energ_v of the future®

4

First Monitoring Report
“Energy of the future”

Bundes

Dr. Résler Altmaie
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German GHG Emissions

2019: - 6 % GHG to 805 Mt
2020: - 72 Mio.t CO, > 10 %
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Source: Clean Energy Wire (2019)
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Emissions
(in Mio. t CO2-eq)

Energy

Buildings

Transport

Industry

Agriculture

Sonstige

German Climate Change Act

1.249

German target 2030
-55% - 65%
739
543-562

175-183

284
178

140-143

1990 2020 2030 ALT 2030

Source: BMU (2019, 2021)
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Installed capacity (in GW)

Electrification

 German renewable target of 65% with low electricity consumption 2030 (580 TWh)
but: electrification with hydrogen strategy, industry demand, electric mobility

 Green Deal: 70 % renewable target for 2030 (2020: ca 45 %) & electricity price reforms

300
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-
net extension 49 2014 net extension § EEG 2021
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% —_ § Wind off 20 GW
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50 replacement replacement Wind
% § Windoff 30 GW
0 ’ PV 200 GW

German 65% GHG target
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Climate-neutral Germany in 2045

100% GHG-neutral air transport
Conversion to 100% green fuels and

alternative powertrains

59 Mt negative emissions
x through biomass CCUS and direct air capture, additional

11 Mt CCUS for fossil process emissions in building materials

100% green district heating and neighborhood solutions
4M buildings connected

Comprehensive modal shift

Rail transport performance grows by 50% for

CCS infrastructure
for transport and storage
of COz2 on land and at sea

Approx. 305 TWh PtL demand

for net-zero emissions in air and maritime
transport, in chemicals, and in remaining
combustion engines on the road;

thereof approx. 295 TWh in imports

passengers and 70% for freight compared to 2019

Decarbonization in road transport
39M battery-electric cars, accounting for over
85% of the vehicle fleet; 480K battery-electric
and 115K hydrogen-powered trucks

> 480 GW wind and PV
Expansion from around 110 GW
in 2021 to the limits of potential
in order to meet approx.

990 TWh of electricity demand

Nationwide charging/H: infrastructure
to enable ramp-up, early expansion to 9M private \
and 6M public charging points already by 2030

Sustainable agriculture and forestry
More efficient land and fertilizer use,

Heavy power grid expansion
creation of carbon sinks through LULUCF

including extension of the most
ambitious network development plan
2035 and bringing it forward to 2030

n‘

"3‘
! % u l

%
b‘ﬂ?l 4

“' 2.1% energy-efficient building renovation rate
Building renovations to an average of approx.

> 88 GW backup (H2) power plants
Provision of guaranteed capacity,
100% powered by green gases

100% green industrial heat
from renewable generation via power-to-heat,
heat pumps, biomass, and green gases

New facilities in steel, chemicals, cement, and lime
Complete switch to hydrogen DRI for primary steel, material defossilization

in basic chemicals, and CCS plants in cement and lime 70 KWh/(m? )
Approx. 240 TWh hydrogen demand .
thereof approx. 130 TWh through imports from the European V 4008 ercon biilding heat Source: BDI (2021)
hydrogen backbone; development of a national infrastructure incl:ding 15M heatT:»umps



Marginal
abatement
costs

£/tCO2
(2020-25)

1500

1000

500+

Hard to abate (defossilize) sectors: e-fuels

1) Sectors in which direct
electrification is
significantly cheaper
than using e-fuels

light duty vehicles, Low/mid temperature industrial heat
{<d00°C, e.q. steam generation), space heating

2) Sectors in which
direct electrification
and e-fuels have
similar costs

high temp. heat {=400°C),
heavy-duty transport

)

3) Impossible-to-electrify
sectors in which e-fuels
go beyond the barriers of
direct electrification

Awiation, shipping,
feedstacks, primary steel

1,200+

__ 1,000

800+

600+

Fuel-switching CO, prices (€ tCO,”™"

— E-methane (DAC, imported)
— E-gasoline (DAC, imported)
—— Hydrogen (imported) replacing natural gas
— Hydrogen (imported) replacing gasoline
(without end-use costs; for example,
fuel cells)

E-fuels from 100% renewable electricity
CO, prices use life-cycle GHG emissions

CO, price
trajectories of
global 1.5-2 °C
scenarios

150
Final energy consumption (EJ)
non-electric end-use sectors
(OECD, 2014, incl. feedstocks)
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Source: Ueckerdt et al. (2021)
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Bestand Pkw in [Millionen Pkw]

Passenger car fleet
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BN Bestand E-Pkw, 33% NZL-Anteil 2030 s Bestand E-Pkw, 50% NZL-Anteil 2030

----- NZL E-Pkw auf 33%in 2030 ===== NZL E-Pkw auf 50%in 2030
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KoaV: 15 mio

Source: Loschel et al (2021)



Infrastructure
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Reducing carbon emissions of residential buildings

0.5 A

04 A

031

021

0.11

0.0

1 2 3 4
Number of interventions used

, )
Monetary ® Information gFeedback A soce! ® Motivation

Incentives Comparison

Combination of interventions where average effect is O Combination of interventions where average effect is
higherthan individual parts lower than individual parts

Source: Tarun Khanna, Giovanni Baiocchi, Max Callaghan, Felix Creutzig, Horia Guias, Neal R Haddaway, Lion Hirth, Aneeque Javaid, Nicolas Koch, Sonja Laukemper,
Andreas Loschel, Maria Del Mar Zamora, Jan C Minx (2020), Reducing carbon emissions of residential buildings through monetary incentives and behavioral
interventions: a meta-analysis, https://www.researchsquare.com/article/rs-124386/v1
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Utilities as change agents

» Non-monetary incentives shown to be effective toolsto Energie sparen

change behavior in a variety of fields und gewinnen!
* Often unanswered question relevant for public policy: 1. sede nevezanier
. e . . standserfassung in der |
How to scale up promising interventions? munster:app und nuzen

* In cooperation with a large public utility in Germany, we
develop an energy savings application for mobile

+ 3 Reisegutscheine

phones that can be used by majority of the population imWartvonje 1000¢

-8 Apple iPads
- 10 MUnster-Gutscheine
im Wert von je 100 €

e App randomizes “goal setting nudge" prompting users
to set themselves energy targets

* Roll-out of app is promoted by a mass marketing

campaign and various financial incentives
. e
Source: Léschel, Wertschulte, Rodemeier, 2020: When Nudges Fail to Scale Field Stadtwerke Minster

Experimental Evidence from Goal Setting on Mobile Phones
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Tailored programmes: the role of cities

* Bundesministerium
L fur Bildung
und Forschung

* Role of local governments in local 0% 20% 40% 0%  80% 100%

Cllmate protectlon Leading by example 17% 38% 31%
* Climate protection institutionalized
. . Strategic leadership role 23% 32% 27%
— Climate protection concept (59%)
— Climate pr‘otection targets (53%) Networking between actors 21% 33% 28%
— Budget for mitigation (45%) ,
Regulation 20% 41% 24%
— CO, accounting (44%)
Consumer 18% 52% 22%
* Experiments on r0|e mOdeI funCtion: Very little Little Partly Much Very much
If city/municipality actively
contributes to cIimate protection, Source: Diitschke and Alsheimer, Fraunhofer ISI, 2021, NostaClimate

will this motivate more climate-
friendly behavior of citizens?
- no crowding in / no crowding out 16



Thank you.

Prof. Dr. Andreas Léschel (&%)

Chair for Environmental / Resource Economics & Sustainability, Ruhr-Universitat Bochum
Senior Fellow at Alfried Krupp-Wissenschaftskolleg Greifswald

Twitter: andreasloeschel Mail andreas@loeschel.eu Internet www.loeschel.eu
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