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Todays‘ agenda

 Background and motivation

 Methodology

 Case study set up and scenarios

 Results

 Conclusions and outlook



Background and motivation

• Fit for 55 package by the European Commission outlines the pathway 
until 2030 to reduce greenhouse gas emissions by 55%

• Need for energy justice with the manner of “no one left behind”
• The residential building sector calls for particular attention

• High shares of fossil fuels in the provision of heat service needs
• Inefficient ways of delivering heat demand caused by low standards of both 

building stock and heating devices
• Complex building ownership structures and the property owner/tenant nexus 

in rented apartments or dwellings
• Buildings are responsible for 40% of EU energy consumption and 

36% of the greenhouse gas emissions in 2021
• 75% of EU’s buildings are energy inefficient and 35% are older than 

50 years

3
Source: European Commission, Energy performance of buildings directive

https://eur-lex.europa.eu/legal-content/EN/ALL/;ELX_SESSIONID=FZMjThLLzfxmmMCQGp2Y1s2d3TjwtD8QS3pqdkhXZbwqGwlgY9KN!2064651424?uri=CELEX:32010L0031


Sketch of the approach
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Mathematical formulation of the model

5

Equation Type Short description
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grant (Ψ) and subsidy 
payment (Ω)
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Equality
constraint

Financial support parity 
between property owner and 
all tenants at the multi-
apartment building level

Zwickl-Bernhard, S., Auer, H. (2022). Equitable decarbonization of heat supply in residential multi-apartment buildings: Optimal subsidy allocation 
between the property owner and tenants. Energy and Buildings, forthcoming.



Case study set-up and scenario description

• Partially renovated and natural gas-fired 
heating system in an old building (privately 
owned) in Vienna, Austria

• Multi-apartment building (including all 
dwellings) is privately owned by the 
property owner 

• The decarbonization of the existing 
heating system can be realized by a 
connection to district heating or the 
installation of an air-sourced heat pump

• Energy and CO2 prices from European 
decarbonization scenarios in line with the 
remaining European CO2 budget of the 
1.5/2.0°C climate target1

61Results from the Horizon 2020 project openENTRANCE (https://openentrance.eu/)



Results (1/4) – District Heating

7



Results (2/4) – Heat Pump

8



Results (3/4) – Allocation of opportunity costs

9



Results (4/4) – Varying property owner ‘s interest rate

10



Conclusions and outlook

 Rapid and equitable decarbonization of the heat sector in buildings is an 
indispensable cornerstone in a sustainable society

 Special attention is needed for the rented buildings sector since an investment 
decision is in the property owner’s hands

 A fair and equitable switch to a sustainable heat system is possible but with massive 
public subsidy payments

 Heat pump alternative is not competitive in supplying heat service needs in partly 
renovated old buildings (equitability constraint)

 Allocating the costs of inaction between the governance, the property owner, and 
the tenants is an important lever and can reduce the required subsidy payments

 Future work: active/passive building renovation measures as a necessary 
precondition for subsidy payments; tenant’s diversification within the building (e.g., 
different willingness to pay to contribute to CO2 mitigation)

11
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