
Generation systems – heat pumps
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Operation of a heat pump
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Heat pumps

Performance

[source: Staffell et al]



Sizing of air-to-water heat pumps

Thermal capacity of a heat pump

The thermal capacity of a heat pump 
(i.e. the thermal power supplied from 
the heat pump condenser to the 
building) decreases with decreasing
external air temperature, whereas the 
heat load of the building (the required 
thermal energy to keep indoor thermal 
comfort) increases.



Sizing of air-to-water heat pumps

Heat pump only
• The heat pump is sized based on the 

peak load in outdoor design 
conditions.

• This is ok for new or deeply retrofitted 
buildings, with limited peak load and 
low supply  temperature required by 
the heating system (radiant systems, 
fan-coils, active beams).
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Outdoor temperature

Energy needed by the building

Design temperature

Peak power 
in winter

Increases by 
decreasing the 
outdoor temperature

P = (Ht + Hv) (te – ti)

DWH average need over a day

Defrost cycles (7-15%)
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Load required by the 
building

Thermal 
power

Power 
delivered by 
the heat pump

Outdoor temperatureDesign temperature



Energy need of the 
building

Peak
power

Power 
released by 
the heat pump

Base case– New or retrofitted building: limited load required thanks to the insulation level. 
Low tempretaure heating system (radiant system, fan-coil, active beams, fan-coil beam)

The heat pump is sized based on the peak load in outdoor design conditions

In residential
buildings usually the 
desing of a DHW 
plant is linked to the 
project and the DHW 
storage.

Outdoor temperatureDesign temperature

Case 0



Alternate operation with gas boiler
• The heat pump is sized based on the 

heat load corresponding to the cut-off 
temperature.

• This is ok for buildings with moderate 
retrofit, with significant peak load and 
high supply temperature required by the 
heating system (radiators). 

• Below the cut-off temperature the heat 
pump switches off and the heat load is 
entirely supplied by the gas boiler.

Case 1



Parallel operation with gas boiler
• The heat pump is sized based on the 

heat load corresponding to the 
bivalent temperature.

• This is ok for buildings with moderate 
retrofit, with significant peak load and 
high supply temperature required by 
the heating system (radiators). 

• Below the bivalent temperature the 
heat pump and the gas boiler work in 
parallel.

Case 2



Partially parallel operation with 
gas boiler
• The heat pump is sized based on the 

heat load corresponding to the 
bivalent temperature.

• Below the bivalent temperature the 
heat pump and the gas boiler work 
together in parallel operation.

• Below the cut-off temperature the 
heat pump switches off and the gas 
boiler works.

Case 3



Resuming

0)  The sizing of the heat pump is done for the design temperature. The heat pump has to
deliver the power needed by the building + DHW + defrost cycle.

1)  Alternate operation: the heat pump is sized to work until the “cut-off” temperature. 
Below this this temperature the boiler works and the heat pump switches off. 

2)  Parallel operation: the heat pump is sized to work at the “bivalent temperature”. Below 
this temperature the heat pump and the boiler works simultaneously (the boiler covers 
the residual heat that the heat pump is not able to provide). 

3) Partially parallel operation: the heat pump is sized to work at the “bivalent temperature”. 
Below this temperature the heat pump and the boiler works simultaneously (the boiler 
covers the residual heat that the heat pump is not able to provide) until the “cut-off” 
temperature is reached. Below this temperature the heat is provided just by the boiler
and the heat pump switches off.



Sizing of air-to-water heat pumps

Operation range
The heat pump model must be suitable
for the desired operating conditions, i.e. 
the design point must be inside the 
operating range provided by the heat
pump manufacturer. 
The operating range depends on the 
interaction between components
(mainly the compressor) and the 
refrigerant. 



Types of air-to-water heat pumps

Mono-bloc heat pumps 

The whole machine is outdoor.
• It is a cheap solution.
• Hydronic system (heat and cold 

distribution) directly connected 
to the outdoor machine.

• Antifreeze solution must be 
designed for the water of the 
hydronic system.

[source: Rossato]



Types of air-to-water heat pumps

Mono-bloc heat pumps

The whole machine is outdoor.

[source: Viessmann]



Types of air-to-water heat pumps

Split heat pumps

Split heat pumps are 
characterised by their separation 
into a quiet indoor unit and an 
air handling outdoor unit.
More efficient solution.
Possibile plug&play solutions 
with integrated hydronic kit.

[source: Viessmann]
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Types of air-to-water heat pumps

Mixed solution
The external unit can provide 
heating and cooling. 
A hydronic kit allows to generate 
DHW (with a tank) all over the year 
and warm water for the heating 
system during winter. 
In summer the system works as a 
direct expansion cooling system, 
through indoor terminal units.

[source: Eneren]



Possibilities and limits of heat pumps for high 
terminal units
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Radiators and heat
pumps in a stock 
building (no retrofit of 
the envelope)
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Radiators and heat
pumps in a stock 
building (no retrofit of 
the envelope)

Cold climate
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Air-to-water heat pumps

Performance
Not only the capacity but also the efficiency is severely affected by the outdoor 
temperature. 
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Archetypes:
• Single Family House – SFH
• Terraced House – TH
• Multi Family House – MFH
• Apartment Block – AB 

Analysis on standard calculation

PVHeat PumpHybridWindowsEnvelope
SDF

XR1
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SDF R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
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Living Room temperature with Gas Boiler
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Air-to-water heat pumps

Performance
The declared performance by heat pump manufacturers follows reference 
standards: 
• EN 14825 (product standard): seasonal COP and EER (SCOP and SEER) are 

defined based on a standardized load profile in 3 different climates in Europe. It 
is useful to compare different heat pumps. It does not represent the efficiency 
for the specific building.  

• Italian standard UNI/TS 11300-4 (system standard): it is used to evaluate the 
seasonal performance of the heat pump of the considered building using a 
Seasonal Performance Factor (SPF)



Air-to-water heat pumps

Performance
Example of technical datasheet and energy 
performance label according to EN 14825.



Air-to-water heat pumps

Performance
Example of technical datasheet and energy 
performance label according to EN 14825.



Air-to-water heat pumps

Performance
Inverter-driven vs on-off heat pumps.

On-off (f_nom = 50 Hz)

Q_c(T_ext)

f < f_nom

Q_c(T_ext, f_nom)

T_ext T_ext

Q_c(T_ext, f)



Air-to-water heat pumps

Performance
• When outside air is cooled at 

the evaporator, water vapor 
condenses and there may be 
frost formation.

• If allowed to accumulate, 
frost inhibits heat transfer; 
therefore, the outdoor coil 
must be defrosted 
periodically. 
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Air-to-water heat pumps

Performance
• Most systems defrost by reversing the 

cycle.
• Another method of defrosting is 

spraying heated water over an outdoor 
coil. The water can be heated by the 
refrigerant or by auxiliaries.



Air-to-water heat pumps

Performance
Not only the capacity but also the efficiency is severely affected by the outdoor 
temperature. 

[source: Winthertur Toss]

COP

Outdoor air temperature [°C] Outdoor air temperature [°C]
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Outdoor temperature

Energy needed by the building

Design temperature

Peak power 
in winter

Increases by 
decreasing the 
outdoor temperature

P = (Ht + Hv) (te – ti)

DWH average need over a day

Defrost cycles (7-15%)

Selection of an Air-to-water heat pumps
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