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ESYS Study

„Towards a Climate-neutral Germany“

Working group of the Academies‘ Project „Energy Systems 

of the Future (ESYS)“ (February 2023)

Methodology and focus

• Own scenario modelling

• Review of existing scenarios

• Expert discussions in an interdisciplinary working group

• Study (currently German only):
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Energy system scenarios

Use and limits of scenarios of the energy transition

Purpose and use

• Identification of feasible pathways

• Options for achieving given targets

• Assessment of trade-offs, sensitivities and cost-efficient

interplay between different technologies

Limits

• Scenarios are no forecasts

• Often optimization under boundary conditions, not an 

explicit simulation of decisions, policies, technological

development, …
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Generator constraints

Nodal power balances (hourly)

(hourly) Operational costsInvestment costs

Emission cap

Common modelling approach: Linear optimization

Example PyPSA-Eur

• Objective function: usually cost minimization
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Common modelling approach: Linear optimization

Example PyPSA-Eur
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Assumptions and modelling decisions matter!

Publications, open data and open modelling: Transparency and joint

development
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Generator constraints

Nodal power balances (hourly)

(hourly) Operational costsInvestment costs

Emission cap

Parameters and boundary conditions

Central boundary condition: emission cap (or carbon price)

• Objective function: usually cost minimization
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National carbon budget

Per capita distribution of global budget
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Comparison with German climate policy

Emission reduction targets in the Climate Change Act

• Emission reduction pathways

• Climate neutrality in 2045

• After 2045 transition to net-negative emissions

• Global carbon budget is expressed in CO2, Climate 

Change Act refers to CO2eq

• Climate Change Act does not contain an explicit carbon

budget
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Comparison with German climate policy

Emission reduction targets in the Climate Change Act

• Emission reduction pathway in the Climate 

Change Act approx. corresponds to cumulated

emissions of 6.4 GtCO2 between 2022 to 2045

• Budget compatible with the target in the Paris 

Agreement: „well below 2 °C“ (assuming a per 

capita distribution of the global budget)

• Pathway not compatible with a global 1.5 °C 

budget (per capita distribution)
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Scenario studies

Climate Neutrality 2045/50
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• ESYS: Review of seven studies plus own 

scenario modelling



Scenario studies

Climate Neutrality 2045/50, cumulated emissions close to the emissions

implied in the Climate Change Act
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Own scenario modelling

ReMOD (Fraunhofer ISE)
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Scenarios

Main and focus scenarios

Main scenario KN2045

• Ambitious technology rollout

• Moderate demand reduction (efficiency)

Focus „demand reduction“

• Very ambitious demand reduction

(efficiency, sufficiency)

Focus „technology rollout“

• Very ambitious technology rollout

KN2040, KN2035, Sensitivity to gas prices
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5 „Key messages“
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1. Die Transformation zur Klimaneutralität erfordert eine 

umfassende gesellschaftliche und politische 

Neuausrichtung (political and societal reorientation)

2. Die Klimaziele sind ohne Nachfrageänderungen kaum 

erreichbar (demand side options necessary)

3. Der technologische Umbau muss erheblich beschleunigt 

werden (accelerate technological transition)

4. In der Industrie ist der Dreiklang aus klimaneutralen 

Prozessen, Kreislaufwirtschaft und Materialeffizienz nötig

(industry: climate neutral processes, circularity, material 

efficiency)

5. CO2-Entnahmen sind erforderlich, ersetzen jedoch 

nicht die CO2-Vermeidung (negative emissions necessary, 

but do not replace mitigation efforts)



Final energy demand

By sector and by energy carrier

• Reduction of final energy demand in all 

studies

• Increasing electricity demand
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Focus „demand reduction“

Reduces „pressure“ and provides flexibility, but ambitious

technological rollout still needed
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Demand side options

Mobility, buildings, industry, 

consumption

• „Avoid, Shift,  Improve“ categorization

• Further research needed on quantification of

potentials and limits, impact chains, 

representation in energy system models,…
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Example: Mobility sector



Technological rollout

Ambitious expansion of wind and solar power capacities
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• 2030: approx. 144 GW PV, 100 GW Onshore-

Wind, 36 GW Offshore-Wind

• 2045: 554 GW wind plus solar

Wind and solar expansion until 2045 in Germany

(ESYS main scenario)

[ESYS 2023]



Technological rollout

PV and wind expansion similar to Government targets

• Scenario comparison: High differences between some scenarios

• Signicant difference between the focus scenarios „demand reduction“ and „technology rollout“
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Technological rollout

Electricity vs. molecules

• Only limited quantities of hydrogen and hydrogen 

derivatives likely to be available in the medium term

• Ambitious expansion of electrolyser capacities

needed

• Significant share of hydrogen and synfuels imported

• Priorisation in sectors in which realistic alternatives 

are missing (industry, long-distance travel and 

transport)
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Scenarios

Main and focus scenarios

Main scenario KN2045

Focus „demand reduction“

Focus „technology rollout“

KN2040:

• Not feasible with the assumptions from the

main scenario (demand reduction or more

ambitious technological rollout needed)

KN2035:

• Only feasible for implausible assumptions

for demand reduction and technology rollout
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Limited scope of the models

Some perspectives mostly missing

• Life cycle perspective

• Consideration of (critical) materials

• International perspective

• Consideration of all energy demand for Carbon Dioxide 

Removal

Further aspects:

• Conflicts of use for biomass

• Sustainability criteria for hydrogen
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[https://www.se-

trends.de/kreisla

ufwirtschaft]



Scenario analysis

Challenge: data availability and comparison
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nfdi4energy

National Research Data Infrastructure for the Interdisciplinary Energy 

System Research

• Use Case (1/3):

Long term energy system scenarios

(transparent, open information; visualization features)

• Task Area 2:

Integrating Society and Policy in Energy Research

(communication and model representation)
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Conclusions
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• Enormous challenges to reach climate neutrality by 2045

• Various measures simultaneously needed in different 

sectors and dimensions

• Demand reduction necessary, but does not replace other

efforts

• Wind and solar power as the basis, already show

considerable growth rates

• Further technologies need development and upscaling

• Important task: system integration

• Scenario studies need to increase their scope (societal, 

political factors, material demands,…) and 

transparency/accessibility of results, assumptions, data
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