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• European Project openENTRANCE: scenarios built upon storylines, see www.openentrance.eu

• Low-carbon scenario studies comply with the (European fraction of) 1.5/2.0°C global warming targets

• Remaining CO2 budget for Europe (IAM Messageix-GLOBIOM) fixes important modeling constraints

• Technology portfolio availability, technology exchange rates (triggered by CO2 prices) are main determining
parameters in the model for achieving carbon neutrality in Europe in 2040 or 2050

• The quantified scenario results not only show the necessities of the optimization model to find feasible
solutions from the analytical point-of-view…

• …but also: what needs to be done in the future European energy system if we seriously intend to comply
with the 1.5/2.0°C global warming limitation targets

• Our (European) experience/imagination from the past what‘s supposed to be feasible (in terms of speed of
technology exchange rates) and/or financable might not be sufficient any more…

• …Business-as-usual (BAU) terminology intentionally has not been used (most expensive) -> outdated

• Open source/data modeling: change of paradigm in energy system modeling: GENeSYS-MOD = Piano 
(everybody on this globe can play this piano for free and carry out own scenario studies)

HOW TO UNDERSTAND THE openENTRANCE SCENARIO RESULTS ?
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Technology Novelty
Technology disruption and breakthroughs
Zero emission technology achievements
Top-down technology revolution

Policy Exertion
Policy endeavour
Strong active policy push
Strong incentive-based policies

Smart Society
Climate awareness and activism
Smart services and circular economy
Bottom-up societal revolution

Techno-Friendly 

1.5°C

1.5°C

1.5°C

2°C

Directed 
Transition

Gradual 
Development

openENTRANCE STORYLINES
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FLOWCHART OF MODELING APPROACH
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OPEN SOURCE ENERGY SYSTEM MODEL GENeSYS-MOD
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GENeSYS-MOD IMPROVEMENTS/ADAPTATIONS COMPARED TO EARLIER VERSIONS

• Regional update from 17 (partly aggregated) regions to 30+ (EU27, UK, Switzerland, Norway, 
Turkey, Balkan regions)

• Temporal update: timeslices were replaced by reduced hourly resolution and time-clustering
algorithm (all demand and renewable feed-in time series are now on hourly basis)

• More detailed represention of the different sectors, notably industry sector

• Data collection and diaggregation for all new regions (country-spefic input data fine-tuning: 
ongoing work (!))

• Calibration of the new regions for 2015

• In addition to CO2 budget contraints also carbon price mechanic
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SOCIETAL COMMITMENT

Primary Energy until 2050 Emissions until 2050
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Electricity Generation until 2050 Electricity Generation in 2050
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Residential & Commercial Heat until 2050 Energy/Technology in Industry until 2050
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Passenger Transport until 2050 Freight Transport until 2050
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TECHNO-FRIENDLY

Electricity Generation until 2050 Emissions until 2050

Low Carbon European Energy System Scenarios • Hans Auer



Slide 12

CO2 Removal Technologies until 2050 Energy/Technology in Industry until 2050
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DIRECTED TRANSITION

Primary Energy until 2050 Electricity Generation until 2050
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GRADUAL DEVELOPMENT

Electricity Generation until 2050 Emissions until 2050
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COMPARISON OF KEY INDICATORS FOR ALL FOUR SCENARIOS
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Installed capacities per scenario [GW] Hydrogen usage per scenario [PJ]
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CARBON PRICE FOR ALL FOUR SCENARIOS
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FINDINGS / INSIGHTS SO FAR …

• If we are going to limit the global temperature increase to 1.5 °C (and in this context conduct our
“homework” in Europe), significant efforts need to start now!

• Already in 2030 the emissions in Europe must be around 1/3 of today’s level only!
• This underlines the importance of corresponding policy measures to ease the future energy transition in

case of reliance on a less risky strategy (Directed Transition)!
• A novel technology breakthrough (Techno-friendly) or a fundamental society’s life style change (Societal

Commitment) also can meet the ambitious goals, but the risk seems to be higher that the corresponding
novelties/adaption processes can be achieved in time in the next decades until 2050!

• Half or more of the residential and commercial heating needs to be provided by heat pumps already in
2035, unless carbon dioxide removal technologies are available!

• The same is true (half or more) for passenger transport and BEV, but already in 2030!
• Removing the last 1/3 of the emissions from 2030 to 2050 expects increases of CO2 prices several

times and remains at very high levels in 2050!
• ….
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openENTRANCE SCENARIO EXPLORER

https://data.ece.iiasa.ac.at/openentrance

Low Carbon European Energy System Scenarios • Hans Auer



August 11-13, 2021 • MIT, Cambridge, USA 
www.applied-energy.org/mitab2021

Acknowledgements

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No. 835896

https://openentrance.eu/


	Dok1
	MITAB 2021_PPT_Auer et al_Low Carbon European Energy System Scenarios
	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19


