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Heat Pumps

1 REHVA Guidebook No 20, Advanced system design and operation of 
GEOTABS buildings, 2013, ISBN 978-2-930521-12-1
2 ‘Reversible’ here means that the device can operate in a ‘reverse sense’; 
it is not used in the thermodynamic sense of being free of irreversibilities.

3 What-when-how. (2014) Heat pumps (energy engineering). http://what-
when-how.com/energy-engineering/heat-pumps-energy-engineering/
4 Leite A. (2011) Solar refrigeration. http://ofrioquevemdosol.blogspot.
be/2011/09/solar-refrigeration.html
5 In this factsheet ‘power’ is used in the physics sense, as being the rate 
of change, or time derivative, of ‘energy’. Conversely, ‘energy’ is the time 
integral of ‘power’.
.

Figure 1 Scheme of a compression heat pump with characteristic 
temperatures [REHVA 2013]1.

Figure 2 Schematic presentation of an absorption heat pump (above, 
[What-when-how 2014]3) and an adsorption heat pump (below, 
[Leite 2011]4)

Technology

Different types of heat pumps exist, but the most common one 
is the compression heat pump. In the heating mode (example in  
Figure 1), the liquid refrigerant extracts heat from the  
surroundings (air, groundwater or ground) and vaporizes (left 
side of Figure 1). This vapour is compressed in a compressor, 
driven by an electric motor or a gas engine, hereby increasing in  
temperature. Afterwards, the refrigerant condenses in the  
condenser and this useful heat is transferred to the circulating 
water (or air) in the heating system (right side of Figure 1). Finally, 
the pressure of the refrigerant is decreased in an expansion valve 
and the thermodynamic cycle is closed.

In a so-called reversible2 heat pump the direction of flow can be 
changed such that the evaporator becomes condenser and the 
condenser becomes evaporator. As such the heat pump function 
is switched to a refrigerator function (active cooling) to cool down 
a building instead of heating it up. (In this mode, the right and left 
side of Figure 1 are reversed and the temperatures change.)

Other types of heat pumps also exist.  Ad/absorption heat pumps 
are thermally driven, typically by solar, geothermal or waste heat. 
In an absorption heat pump the compressor of the compression 
heat pump (Figure 1) is replaced by the combination of an  
absorber, pump, heat exchanger, generator, rectifier and expansion 
valve (Figure 2- left). An adsorption heat pump is based on the 
same principle as the absorption heat pump, however a solid is 
used instead of a liquid as absorption medium (Figure 2– right). 
During the cooling step, heat (QE) is transferred to the  
evaporator at pressure PAD and temperature TAD, the  

evaporated working fluid is adsorbed by an adsorbent material, 
releasing the heat (QAD). During the regeneration step, when an 
input of heat (QDE) occurs, the gas is desorbed and condensed 
(at PDE and TDE) releasing heat (QC), which closes the  
thermodynamic cycle.

Efficiency

To evaluate the performance of a heat pump, the ratio of thermal 
power5 made available at high temperature to the driving power 
(being electric power for the rate of work added to a  
compression heat pump; thermal power in the case of an  
ab/adsorption heat pump) is assessed. The coefficient of  
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performance (COP) is a dimensionless number defined as  
output heat power per unit of electric power input to the system, 
referred to particular boundary conditions. Changes in  
condensing and evaporating temperatures affect the work done 
by the compressor, and, consequently the COP. Decreasing the 
condenser temperature or increasing the evaporator temperature 
will decrease the compressor work and increase the COP.  
Thus the combination of a high source temperature (e.g. ground or  
water heat pump) with low-temperature heating is the most  
optimal one. This low-temperature heating is made possible by  
increasing the heat-transfer surface of the emitter : floor heating, 
low temperature radiators, fan-supported radiators, wall heating, 
etc.

Minimal values for COP have been defined to receive the  
renewable energy label at European level. However, COP is  
measured in controlled lab-conditions (with fixed source and  
emission temperatures, dependent on the type of heat pump: 
ground/water, water/water, air/water or air/air), and thus not a 
good measure for the real performance of a heat pump system 
installed in a building. This real performance is expressed by the 
SPF (Seasonal Performance Factor), which is the ratio of the  
seasonal thermal energy output to the seasonal consumed electric 
energy. The SPF is in fact a yearly time-integrated, or averaged, 
COP, taking into account that the COP is typically lower when 
the heat demand is high. Different definitions of the SPF exist  
depending on whether auxiliary devices such as circulation 
pumps are included or not in the overall electricity consumption.  
Minimum and target values for the SPF of compression-heat-
pump systems employed for space heating and domestic hot  
water production in new buildings are given by the EN 15450 
norm. The values for Central Europe are given in Table 1.

Table 1 Default minimum and target values for SPF for heat pump 
systems employed for space heating and domestic hot water produc-
tion in new buildings, typical for Central Europe [EN 15450].6

Energy source / 
sink

Minimum value 
for SPF

Target value for 
SPF

air / water 2.7 3.0
ground / water 3.5 4.0
water / water 3.8 4.5

6 EN 15450: Heating systems in buildings - Design of heat pump heating 
systems.

7 Hoogmartens, J., Helsen, L., Franck, G., Van Passel, W. (2011).  
Monitoring the system performance factor of domestic heat pump  
systems in Flanders (Belgium). ISHVAC. Shanghai, China, 6-9 November 
2011 (art.nr. 0664).

The Flemish IWT WP-DIRECT project has shown large deviations 
between the tabulated COP values of a heat pump that can be 
purchased and the measured SPF once the heat pump has been 
installed in the building, as shown in Figure 3. One of the main 
conclusions of the project is that a high-quality installation, a  
well-designed system integration and tuning of the control  
parameters are very important. A global system approach  
(taking into account the interaction of heat pump with source, 
emission, building, user and control) is thus crucial when applying 
heat pumps.

Figure 3 Comparison of COP and SPF for different air-water and 
ground-water heat pump systems in Belgium [Hoogmartens et al. 
2011; IWT WP-DIRECT project]7

Economics

For residential buildings, the choice of heating system is not 
straightforward. As shown in Figure 4, there is a great variety in  
possibilities, each with its own specific investment and  
operational cost. Figure 4 depicts a non-exhaustive list of choices: 
air coupled heat pump (ACHP), high temperature air coupled 
heat pump (HT ACHP), hybrid heat pump (HHP), ground coupled 
heat pump (GCHP), ground water heat pump (GWHP), gas  
condensing boiler (GCB), heating oil condensing boiler (HOCB) 
and gas heat pump (GHP). The choice of system depends on a lot 
of local boundary conditions, such as the heating power needed, 
the current and expected energy prices, the presence of a gas  
distribution network, the legal limitation on drilling depth for 
GCHP or GWHP and subsidies by local authorities.
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Figure 4 Investment cost (top) and relative (with respect to a gas  
condensing boiler) operational cost (bottom) for various heating  
systems. The abbreviations are explained in the text.

Figure 5 Annual primary energy use of heat production systems (gas 
condensing boiler (GCB), hybrid (HHP), high temperature (HTHP), 
low temperature heat pump (LTHP)) with radiators in a retrofitted 
building envelope with the 2013 Belgian energy prices. [Heylen et al. 
2014]8

For large buildings such as buildings in the commercial & service 
sector and apartment blocks, the choice of heating system is even 
more diverse. Given the large heat and/or cold demand, it be-
comes economically more favorable to combine multiple heat 
and/or cold production systems and use systems which benefit 
from an economy of scale, such as cogeneration.

Applications

Heat pumps in renovation context

Building retrofits often focus on extra building envelope insulation, 
which aims at reducing the heat losses by about 40%; however, the 
insulation level of newly built houses is not reached and rarely the 
whole heating installation is replaced. A hybrid heat pump system, 
combining a heat pump with a gas- or oil-fired boiler, combines 
the benefits of a heat pump with the benefits of a high-efficiency 
boiler. The potential of air-water heat pumps (low temperature, 
high temperature and hybrid) in a renovation context has been 
studied recently for residential buildings. It was concluded that ret-
rofits of building envelope and heating systems in the residential 
sector have a very large potential for the reduction of primary 
energy consumption. From the energetic point of view, it is al-
ways advisable to first retrofit the building envelope. The heating 
system has to be upgraded by choosing a heat generation device 
that fits the required supply temperature of the emission system, 
where it seems that a heating system with low supply temperature 
gives better results than a high temperature system. Overall, the 
air source heat pump has a large energetic saving potential (see 
Figure 5).

In contrast, the economic potential of air-water heat pumps 
strongly depends on the evolution of the energy prices and in-
stallation prices. This discrepancy between the energetic and 
economic results could be diminished by using a more favorable 
electricity tariff for heat pump owners. Nevertheless, todays the 

gas condensing boiler still seems to be a cost effective choice for 
building owners in Belgium and Germany due to the low gas price 
compared to the electricity price. In France, however, heat pumps 
are a more cost effective investment due to the small ratio of 
average electricity price to average gas price.

Heat pumps as flexible thermal loads in a 
smart-grid context

Heat pumps may play a role in balancing electricity generation 
and demand, as well as managing distribution grid congestion, but 
then heat pumps should be ‘smart’. Today heat pumps have a very 
small share in active demand response (ADR); however, greater 
opportunities may exist once the heat pumps are ‘smart-ready’, 
which means they have the ability to accept dynamic ‘utility’ signals, 
responding quickly and maximizing flexibility of operating times. 

Grid congestion has been reported in electricity distribution  
systems with a high penetration of photovoltaic (PV) systems. 
This saturation is often caused by overvoltage and results in  
curtailing or shutting down of the PV inverters, leading to a loss 
of renewable electricity generation (see Figure 6). As an example, 
in a simulation reference case, inverter shutdown causes a  
distributed electricity generation loss of 4.6% of the ‘initial’ annual 
electric energy generated (kWh) in the neighborhood. These  
losses are much lower than previously reported results under 
similar circumstances, which is due to changed regulations,  
allowing voltage deviations in the distribution grid of up to 10% 
instead of 6% previously. Simulation studies [De Coninck et al. 
2013] have shown that simple ADR strategies can be used to 
shift heat pump operation to times of high PV production (and 
as such avoid inverter curtailing) by storing heat in the domestic 
hot water (DHW) storage tank. This way the energy efficiency of 
nZEB (net-zero energy buildings) neighborhoods can be highly 
improved; however, side-effects such as thermal tank losses, start/

8 Heylen E., Jordens R., Patteeuw D., Helsen L. (2014) The Potential of Air-
Water Heat Pumps in a Belgian Residential Retrofit Context with Respect 
to Future Electricity Prices, SSB Conference, Liege, Belgium
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stop efficiency losses and temperature dependent efficiencies 
need to be accounted for to make a fair assessment. Even with 
very basic control algorithms and small storage tanks of 0.3 m3, 
curtailing losses can be reduced by 74%, which represents a net 
energy saving on a neighborhood level of 3.4%. The net energy 
saving is generally smaller than the reduction in curtailing losses 
because of increased thermal losses. The best results are obtained 
when the whole neighborhood participates in the load shifting, 
including dwellings that never experience curtailing. This can be  
accomplished when the trigger for ADR is a (fixed) injection  
power or a dwelling-dependent voltage limit (which leads to  
better results). Increasing the DHW storage size from 0.3 to 0.5 
m3 always results in higher electricity consumption, regardless of 
the control strategy used. Load matching and grid interaction  
indicators must be used with care. Both the very effective and 
ineffective control strategies can have a high self-consumption and 
self-generation.

Figure 6 Yearly inverter shutdown losses for dwellings (a) according to 
numbering in grid topology (b) [De Coninck et al. 2013]9.

9 De Coninck, R,. Baetens, R, Saelens, D., Woyte A., Helsen , L., Rule-based 
demand side management of domestic hot water production with heat 
pumps in zero energy neighbourhoods, Journal of Building Performance 
Simulation vol:7 issue:4 pages:271-288.

Storage tanks are not the only way to provide thermal  
capacity; the buildings themselves can provide it. An extreme  
example is the use of thermally activated building systems 
(TABS), usually implemented as concrete core activation, which is  
characterized by large thermal inertia. Due to this large thermal 
inertia, a good control strategy is necessary to guarantee thermal 
comfort at the lowest energy cost.


