
Harnessing Heat Pumps for Building Heating and Cooling in 

Sustainable Cities. Challenges and opportunities
Juan Pablo Jiménez Navarro

Urban Transitions Mission, May 2024



2

Heat pump – the concept
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The “magic of heat pumps”: 
Several units of  heat and cold* are per 
each unit of electricity.

Heat pump efficiencies are 3 to 5 times 
higher than gas boilers

Heat pump efficiencies are subject to 
the difference between indoor and 
outdoor temperatures

Efficiencies are defined as follows:

𝐶𝑂𝑃 =
𝑂𝑢𝑡𝑝𝑢𝑡_ℎ𝑒𝑎𝑡

𝐼𝑛𝑝𝑢𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

𝐸𝐸𝑅 =
𝐼𝑛𝑑𝑜𝑜𝑟 𝑟𝑒𝑗𝑒𝑐𝑡𝑒𝑑 ℎ𝑒𝑎𝑡

𝐼𝑛𝑝𝑢𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

Heating mode

Cooling mode
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Heat pumps in existing buildings

ꟷ In many regions globally, future buildings 
exist today. For example, in the EU, 85% of 
today's buildings are likely to still be in use in 
2050.

ꟷ A common misconception assumes that heat 
pumps in old buildings would require upgrade 
of (i) building envelope and (ii) terminal units 
(radiators1) and then CAPEX ↑ ↑

ꟷ Heat pumps are increasing their 
temperature ranges reducing the needs for 
envelope upgrades at the cost of lower 
efficiencies.

1 Radiators are frequently oversized in gas boiler 
installations.

Project 1, mainly non-renovated buildings – 90%
heated with radiators – were investigated.
Project 2, building age between 15 and 150 years 
old, some partially or fully refurbished.
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Heat pump challenges within the urban context

Heat pumps and climate

ꟷ Heat pumps have been proven to be effective in cold 
winter regions.

ꟷ In Europe, the Nordic countries have shown the highest 
adoption rate of heat pumps, while countries like Spain or 
Portugal, which have mild climates, have a lower level of 
usage.

ꟷ This result suggests that supporting policies and fuel 
availability (i.e. cheap/affordable electricity) are more 
important factors.

ꟷ Heat pumps  designed for extreme cold show 
performances between 1.3 and 2 under temperatures of the 
order of -35°C.

ꟷ As for cooling, temperature ranges do not represent a 
major challenge for heat pumps operation.

Source: Hannah Ritchie. Do heat pumps work in the cold?
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Heat pump challenges within the urban context

CAPEX vs OPEX

Source: FT (2023), Carbon counter: heat pumps are a greener, 

costlier option

Cost of electricity (ct/kWhel) 

Cost of gas (ct/kWhthermal) ≅
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Heat pump challenges within the urban context

CAPEX vs OPEX

ꟷ A cheaper electricity driven by a larger penetration of wind and solar can balance out CAPEX and OPEX

Source: RAP
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What is the perception of users?

According to a survey study performed by NESTA 
in the UK (more than 2,500 users interwieved)

Main results
ꟷ At least 70% of people said they were ‘fairly’ or 
‘very’ satisfied with all aspects of their heat 
source except running costs.
ꟷ No evidence that satisfaction varied 
significantly by property age.
ꟷ Upgrading building fabric alongside heat pump 
installations is common, but by no means 
universal (only 55% did both)
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What is the perception of users?

According to a survey study 
performed by NESTA in the UK (more 
than 2,500 users interviewed)

Main results
ꟷ The building age does not seem to 
have a big influence in the 
satisfaction of respondents.
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Heat pump challenges within the urban context

4. Integration of heat pumps in multi family houses

ꟷ Heat pumps are well established in the single-
family house segment but not in the multi-family 
house segment.

ꟷ Reasons can be technical (capacity of available 
products or access to heat source for the non-air 
heat pumps) or economic. Yet, the major barriers 
is the lack of knowledge

Source: Annex 50. Heat Pumps in Multi-Family 

Buildings for Space Heating and Domestic Hot 

Water
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Heat pump challenges within the urban context

4. Integration of heat pumps in multi family houses

Source: Annex 50. Heat Pumps in Multi-Family 

Buildings for Space Heating and Domestic Hot 

Water
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Heat pump opportunities within the urban context

Integration of heat pumps in urban areas. District heating and cooling

ꟷ Setting up common heat pump projects in multi-owned buildings can be difficult specially if heat pumps are not 
planned in the design phases. As an alternative, heat pumps can provide heat via district heating and cooling.

ꟷ In DHC, heat pumps can be the main energy generator or serve as asset to increase the temperatures of energy 
streams such as waste heat from data centers (booster heat pumps)

ꟷ Heat pumps in district heating and cooling benefits from economy of scale, can provide flexibility services to the 
grid and, ultimately, provide clean and affordable thermal energy to end users.

Source: META Sustainability. 

CASE STUDY Denmark data center to 

warm  local community
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Heat pump opportunities within the urban context

Hibridisation with PV. 

ꟷ Heat pumps can be combined with PV and consume the 
electricity on-site

ꟷ In regions with significant cooling demand benefits increase 
since supply and demand coincide during the central hours of the 
day

ꟷ Home batteries can match supply and demand especially in 
winter periods

Figures shows the monthly electricity generation by PV and electricity 
consumption for space heating by heat pump, with the reference 
building located in the Netherlands and France, built between 1980 and 
1999 if 20% of the roof is covered by pv. 
Source: The Heat Pump Wave: Opportunities and Challenges, JRC 
(2023)
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Heat pump opportunities within the urban context

4. Heat pumps in urban areas can contribute to the operation of distribution grids. 

ꟷ Centrally managed heat pumps via either large scale heat pumps in MFH or via district heating systems can help 
manage distribution grids, reducing losses and, paradoxically, avoiding potential grid reinforcements.

ꟷ Individual heat pumps can also contribute to the grid operation, but the right mechanisms must be in place, such 
price signals.

The introduction of thermal storage

equipped HPs in the grid (50%

penetration) helps decrease total

network losses by 27% and reduce peak

losses by 67%, when compared with BASE

scenario.

IRENA study on DSM (to be released in 2024)
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Heat pump opportunities within the urban context

4. Innovation in the power to heat interface



Thank you!

Contact: 

Juan Pablo Jiménez Navarro

jnavarro@irena.org
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