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 Abstract 

Buildings account for 36% of the energy-related greenhouse gas (GHG) emissions in the European 
Union (EU) 1. The EU building sector will need to reduce its GHG by 60% by 2030 and fully decarbonize 
by 2050 1,2 to achieve the EU climate targets 3. Integrated Assessment Models (IAMs) are commonly 
used to develop climate change mitigation scenarios. IAMs, however, have been mostly focusing on 
the energy supply-side system. Improved representation of end-use sectors, in particular buildings, is 
required to adequately assess demand-side interventions. Sectoral demand-side policies can make the 
climate transition faster and easier 4 and contribute to achieving ambitious climate targets. 

In this multi-model study, we explore the CO2 emission reduction potential for the building sector in 
the EU to support policy decisions towards carbon neutrality and intermediate targets for 2040. To 
this goal, we develop a set of scenarios combining sectoral demand-side interventions and different 
climate policies. We implement the scenarios in a series of IAMs with improved representation of the 
building sector, including residential and commercial buildings: Imaclim-R 5,6, IMAGE 7, MESSAGEix 8,9, 
PROMETHEUS 10, and REMIND 11, and WITCH 12. 

The investigated building demand-side policies include: activity reduction and shifts (Activity), e.g. 
floorspace reduction, conservative temperature set-points; electrification and fuel shifts (Fuel shifts); 
technology improvements and energy efficiency (Technology), e.g. improved buildings energy 
efficiency, increased renovation rates; and a combination of all interventions (All). We also consider 



two sets of climate policy scenarios: Current national policies with no stringent climate policies; and 
Stringent climate policies consistent with the 1.5°C target. 

Under current national policies (Figure 1, top panels), the combination of all sectoral policies (All) 
provides the largest reduction of direct CO2 emissions of 59% (69%) by 2040 (2050) compared to 2015 
(averages across models). Combining sectoral policies with stringent climate policies results in more 
drastic CO2 emission reductions, due to simultaneous decrease in energy demand and decarbonization 
of electricity and heat supply systems. 

Combining all sectoral policies (All) and stringent climate policies (Figure 2, bottom panels) drives 
average reductions in direct CO2 emissions up to 74% (90%) by 2040 (2050) compared to 2015 
(averages across models). The residual CO2 emissions are mostly due to residual fossil fuel use in space 
and water heating, requiring additional efforts for full decarbonization. Only one of the selected 
models was able to meet the 2050 net-zero GHG target of the EU under stringent climate policies, 
reaching 99% reduction of direct emissions in buildings with all sectoral policies implemented. 

The results of this study show that, in order to reach the EU building sector targets, a combination of 
demand-side interventions and stringent climate policies is required. The investigated demand-side 
interventions are highly complementary and lead to the largest reduction potential when combined 
together. In addition to more widely investigated interventions on energy efficiency improvements 
and fuel switches, activity reductions and shifts have a significant mitigation potential and require 
further investigation. The results of this study can support decision making on the strategies for deep 
decarbonization of the European building sector and inform net-zero and intermediate emission 
targets. 

 

Figure 1 Change in direct CO2 emissions in 2040 and 2050 compared to 2015 for the European 
residential and commercial sector under different scenarios including a set of sectoral policies and 
climate change mitigation policies. Coloured bars indicate the ranges covered by available model 
results, dots indicate the average, stars indicate the scenarios reaching net-zero Greenhouse Gas 
(GHG) targets for the European Union. 
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