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Importance of heating for decarbonization

Sectoral GHG emissions in the EU 27  
Source: Own illustration based on Ritchie et al. (2023)

A. Roth Power sector impacts of a simultaneous European heat pump 2

Share in 2019 Relative development (1990 = 1)



Heat pumps are central technology

Working principle of a heat pump

Source: European Heating Market Report 2021 (EHI)

Selected European policy targets for heat pump deployment

Source: The Future of Heat Pumps (IEA, 2022)
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Pros Cons

Efficiency Increase of peak loads

Integration of renewable energy Increased electricity demand in winter

Direct use of electricity Local grid needs



Research question

What is the impact of a simultaneous heat pump roll-put in several European 
countries?

What is impact of flexibility options, namely thermal heat storage?
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Model

Input Model

Techno-economic parameters
▪ Renewable generators

▪ Storage

Hourly time-series on country level
▪ RES availability

▪ Electricity & heat demand and COPs

Transfer capacities

Output

Investment decisions (capacity)
▪ Generation

▪ Storage

Hourly operation (energy)
▪ Generation & electrolysis dispatch

▪ Storages operation

▪ Heat pump electricity intake

Power flows

Total system cost → MIN
▪ Annualized investment costs
▪ Fixed & variable costs

Subject to
▪ Demand = Supply
▪ Heat demand to be satisfied
▪ Transmission
▪ …

• Power sector model (DIETER): linear cost-optimization
• Solves for all 8760 consecutive hours of the year
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Assumptions

• Target year: 2030

• Geography: nine European countries (CH without HP demand)

• Grid: copperplate within country, simple exchange between 
countries; values from ERAA 2021 (year 2025)

• Weather resilience: six weather years (2009-2014)

• Capacity bounds from ERAA 2021 (year 2025)

• Lower bounds for renewables and gas

• Upper bounds for other fossil generators

• Hydro and nuclear power fixed

• Storage (batteries and hydrogen) free

• CO2 price: 150€
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Heating assumptions

• Domestic heat covers space and water heat demand

• Share of heat demand to be covered by heat pumps 
→ exogenously set to 25%

• Only air-sourced heat pumps

• Same technology and share for single-, multi-family, and commercial buildings

• Run system-friendly: react to wholesale prices

• Assumed to be additional heat demand
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Data

• Heat: When2Heat database (Ruhnau et al, 2019))

• Hourly space and water heat demand for all EU countries

• Hourly COPs for different HP technologies

• Renewable time series: PECD 2021.3  (used in ERAA 2021)

• Wind (on- and offshore), PV, and hydro run-of-river capacity factors

• Hydro inflow time series reservoir and pumped-hydro

• Demand: ERAA 2021 (year 2030)
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Scenarios

Definition of base scenarios

Heat share E/P ratio of thermal storage

0% -

25% 0

25% 2

Robustness checks

Scenario Scenario

gas_free No capacity (lower or upper) for gas-fired 
power plants.

half_nuc Nuclear power plant capacities fixed at 50% 
lower value compared to base.

no_coal No hard coal or lignite power plants.

no_ntc No electricity flow between countries.

wind_cap Upper bounds for on- and offshore wind 
power capacity at 50% above ERAA 2021
values.

Heat demand defined as additional heat 
demand.
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Results
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Heat pump capacities and demand 
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Capacities Electricity demand



Capacities
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Additional capacities
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• Wind power expansion
• Additional storage
• Thermal storage:

• Reduces need for 
firm capacity

• Substitute for 
batteries

• Strong weather variability



Peak loads
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Load duration curves



Robustness: Capacities
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Capacities without heat pumps Additional capacities with heat pumps

• gas_free: additional firm 

capacites in from of storage

• no_ntc: more long-duration 

storage in general; few 

changes compared to base

due to HP expansion

• wind_cap: massive PV 

expansion



System costs
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• No interconnection 

more expansive; yet 

little impact of HPs

• Wind cap leads to much 

higher costs



Heating patterns
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Heating facts
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Maximum heat demand
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Heat deviation and 
residual load

A. Roth Power sector impacts of a simultaneous European heat pump 20



Conclusion

Outlook
• Additional weather years & countries

• More realistic differentiation between heat pump technologies

• Endogenous thermal heat storage (vs batteries)
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• Heat pump generate energy demand and load peaks that need to be covered

• (Small) thermal heat storage can reduce firm capacity needs substantially

• Interconnection between countries with limited effect → overlapping cold spells

• Need for policy? Incentives from “smart” heat pumps & thermal heat storage (?)



Thank you very much for your attention

aroth@diw.de

mailto:aroth@diw.de


Appendix
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Costs
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Bounds
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Generation
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Residual load duration curves
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