- — POTSDAM INSTITUTE FOR
—— CLIMATE IMPACT RESEARCH

Towards net zero energy systems:
Decarbonization bottlenecks and new opportunities
in a rapidly changing world

Gunnar Luderer

Leibniz
Association

Member of
R . PEP 1.5 Final Symposium
é September 3-4, 2019



1000
@,
Sa
(7))
@89 500-
ES. 15
03
>e
Y o
3 ©
53
O

=500 -

= 40 - REMIND model results
= 1.5°C scenario
N
Q
Q
O
el 20 -
%)
c
Q
o)
L
= _
0 0
N
O
O
-20 -

2010 2040 2070 2100

1.5°C decarbonization scenarios

Feasibility of Paris targets and scale of carbon
dioxide removal (CDR) ultimately determined by
residual fossil emissions

O LY O
—-_—— = == == Based on
p_ I_K Luderer et al. (2018), Nature Clim. Chnage

Bertram et al. (2018), ERL



Indicators of the system transformation
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Phasing out fossil electricity
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Cumulative Emissions
from 2016 [GtCO2]
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Rapid growth of solar PV
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Exergy efficiency
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Energy efficiency: Huge theoretical potential
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Low energy demand lifestyles: Major benefits
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What are policy approaches to
achieve transition to low energy
demand pathways?
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A Global Bioenergy Consumption
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...and its environmental impacts
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Can we limit the reliance on
bioenergy for deep decarbonization?
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What is the potential for deep electrification?
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GDP Density
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Transformation of industry and transport sector determine bioenergy and
CDR requirements

How do transition speeds differ across sectors and technologies? What are
crucial lock-ins and lock-outs, and how can they be avoided?

Sector coupling: How can electrification of end-uses and e-fuel production
facilitate the integration of variable renewable electricity?

What policies to achieve low energy growth?
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