
 

Heat pumps for heating and cooling – technology and applications  Page 1 of 59 
09/03/2020 

 

 

 

 

 

 

 

 

 

 

 

 
 
Online course 
 
Heat pumps for heating and cooling – 
technology and applications 
 
 
 
 

 

 

© Renewables Academy (RENAC) AG  

This copyrighted course is part of the series of online study programmes offered by the Renewables 

Academy AG. The course materials are provided exclusively for personal or curriculum and course-related 

purposes to enrolled students and registered users only. Any further use of this material shall require the 

explicit consent of the copyright and intellectual property rights holders, Renewables Academy AG. This 

material or parts of it may neither be reproduced nor in any way used or disclosed or passed on to third 

parties. Any unauthorised use or violation will be subject to private law and will be prosecuted. 

Berlin, 2020-03-09 



 

Heat pumps for heating and cooling – technology and applications  Page 2 of 59 
09/03/2020 

Table of contents 

1 Introduction to the course .................................................................................................... 4 

1.1 Learning objectives of the course ........................................................................................... 4 

1.2 Introduction to the course ...................................................................................................... 4 

2 Definition of a heat pump, its components and its working cycle ........................................... 5 

2.1 What is a heat pump? ............................................................................................................. 5 

2.2 Coefficient of performance and energy efficiency ratio ......................................................... 8 

2.3 Heating .................................................................................................................................. 12 

2.3.1 Example ......................................................................................................................... 13 

2.4 Cooling ................................................................................................................................... 15 

2.4.1 Example ......................................................................................................................... 16 

2.5 Chapter endnotes .................................................................................................................. 18 

3 Introduction to the parameters related to environmental and financial performance .......... 19 

3.1 Operational Expenditure (OPEX) and Capital Expenditure (CAPEX) ..................................... 19 

3.2 Economic trends regarding economies of scale .................................................................... 21 

3.3 Chapter endnotes .................................................................................................................. 23 

4 Existing heat pump technologies and their applications....................................................... 24 

4.1 Heat pump technologies ....................................................................................................... 24 

4.2 Systematic overview of different heat pump system applications ....................................... 26 

4.3 District heating and cooling systems ..................................................................................... 28 

4.4 Heat pumps for the industrial drying and washing process .................................................. 30 

4.5 Heat pumps for the water heating process (using waste heat from a refrigeration system) 
and the pasteurisation process ......................................................................................................... 32 

4.6 Advantages and disadvantages ............................................................................................. 34 

4.7 Photovoltaic self-consumption in combination with residential/industrial purposes .......... 35 

4.8 Chapter endnotes .................................................................................................................. 37 

5 Heat pumps and their application in different climate zones ............................................... 38 

5.1 Climate zones ........................................................................................................................ 38 

5.2 Seasonal Coefficient of Performance (SCOP) and Seasonal Energy Efficiency Ratio (SEER) . 40 

5.3 Heat pump applications in different climate zones .............................................................. 41 

5.4 Calculation for SCOP .............................................................................................................. 43 

5.5 Calculation for SCOP and SEER .............................................................................................. 45 

5.6 Example Calculation of an SCOP............................................................................................ 46 

5.7 Chapter endnotes .................................................................................................................. 48 



 

Heat pumps for heating and cooling – technology and applications  Page 3 of 59 
09/03/2020 

6 Refrigerant fluids ............................................................................................................... 49 

6.1 Natural and synthetic refrigerant fluids ................................................................................ 49 

6.2 The global warming potential (GWP) of refrigerant fluids .................................................... 51 

6.3 Recovering/recycling/environmentally friendly disposal ...................................................... 52 

6.4 Chapter endnotes .................................................................................................................. 53 

7 Summary of the course ....................................................................................................... 54 

7.1 Summary ............................................................................................................................... 54 

7.2 References (cited) ................................................................................................................. 55 

7.3 Further reading (recommendations) ..................................................................................... 55 

8 Additional glossary terms ................................................................................................... 56 

 

  



 

Heat pumps for heating and cooling – technology and applications  Page 4 of 59 
09/03/2020 

1 Introduction to the course 

1.1 Learning objectives of the course  

Learning objectives: upon completion of this course, you should be able to: 

• describe a heat pump, including its components and working cycle 

•  classify different heat pump working modes  

• evaluate efficiencies, to compare technologies and use cases 

• explain and evaluate economic and environmental parameters  

• describe different heat pump technologies, and their applications in terms of their 

performance and use in different climate zones 

• classify refrigeration fluids according to their application, global warming potential, and 

method of disposal 

1.2 Introduction to the course  

A heat pump raises temperature from a low level to a higher level, in a continuous cycle. To do this, the 

pump uses the energy transfer between two systems, depending mostly on the temperature difference 

between those systems. It is much easier and quicker to heat an object when either it is closer to the 

source of heat or the heat source itself is warmer. Heat pumps were further developed with renewable 

energy in mind, and the possibility to use renewably produced electricity is one decisive advantage 

heat pumps have over conventional heating systems (such as those running on oil or gas heating). Heat 

pumps are technological systems, which increase the thermal level of a working fluid with the help of 

a mechanical compressor, driven by e.g. electric energy.  

The course “Heat pumps for heating and cooling – technology and applications” starts with a detailed 

introduction to heat pump terminology, and the functionality of heat pumps in cases of heating and 

cooling. It continues with an introduction to the parameters related to environmental and financial 

performance. Building upon this, an overview of the existing heat pump technologies and their 

applications is provided. Finally, the heat pumps and their application in different climate zones are 

discussed in Chapter 5, with a final overview of refrigerant fluids and their 

recovery/recycling/environmentally friendly disposal. 
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2 Definition of a heat pump, its components and its working cycle 

2.1 What is a heat pump? 

Learning objectives: upon completion of this page, you should be able to: 

• define and describe a heat pump and how it works  

• explain the function of a heat pump’s individual components 

• explain the thermodynamic cycle  

A heat pump is a cooling/heating machine, which raises heat from one thermal source to a thermal 

sink, increasing the energy level during transference. One of the source/sinks is commonly the 

environment and the other is the place where the energy is required for use. Heat pumps can be motor-

driven via electricity, gas, oil, or steam turbines (e.g. for large installations) as their source of energy.  

When heating is needed at a thermal level energy is taken from the heat source, and transferred to a 

working fluid, the temperature level of which then increases and is subsequently the heat is transferred 

from the working fluid to the heat sink, e.g. for heating processes and domestic hot water in buildings.  

Thereby heat pump installations can be operated with the following sources of heat: 

• groundwater 

• soil 

• ambient air 

• surface water 

• wastewater and sewage water 

• waste heat 

• mine water 

Energy transfer processes happening around heat pumps can be explained as being four different 

processes that are all contained in a closed loop, which drives the machine. 
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Figure 1: Use of energy in a heat pump cycle (Source: Fraunhofer, IEE) 

How does it work? 

Energy transfer processes happening around heat pumps can be divided into four concatenated 

working cycles - two cycles surrounding one closed cycle, which primarily drives the machine. The two 

surrounding cycles are in charge of transporting energy to/ from the heat pump from a source/ to a 

sink.  

1. The evaporator: is a heat exchanger that heats liquid refrigerant with energy from an 

environmental heat source. The refrigerant evaporates, and this evaporation energy is 

absorbed as latent heat (i.e. heat, which does not increase, or decrease in temperature). The 

fluid leaves the evaporator in gas form, to be compressed later on, because even one drop of 

liquid could break the compressor. To enable energy transfer, the evaporator’s thermal level 

must be below external temperatures. 

2. The compressor: compresses the refrigerant to increase its temperature, as it is not yet 

sufficient to heat a building directly. The pressure rises to increase the condensation 

temperature, and thus the temperature also increases, resulting in more heat. The pressure is 

increased by a compressor, which absorbs and compresses the gaseous refrigerant. This 

requires additional energy (e.g. electricity). If it is a suction gas-cooled compressor, this energy 

(engine heat) is not lost; instead, it is absorbed into and heats the refrigerant to be compressed. 

3. The condenser: is where the heating water (in water-based condensers) cools down the hot 

gaseous refrigerant and causes it to condense. The heating water becomes hot enough to heat 

the building. To exchange energy, condenser temperatures must be above those of the sink. 

4. The expansion valve: is where most of the refrigerant enters in a liquid state, but it is still at a 

high pressure. The expansion valve reduces the pressure, and the cycle begins again with the 

complete refrigerant liquid. 
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Use of energy in a heat pump cycle. (Source: Fraunhofer IEE) 

 

 

Figure 2: Functional principle of the electric heat pump. (Source: RENAC) 

Conclusion:  
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The higher temperature difference between the required flow temperature and the heat source, the 

harder a heat pump needs to work. Therefore, the temperature difference between the heat source and 

the heat sink should be as small as possible. 

A heat pump consists of the following components: 

• a compressor 

• a condenser 

• a thermal expansion valve 

• an evaporator 

2.2 Coefficient of performance and energy efficiency ratio 

Learning objectives: upon completion of this page, you should be able to: 

• define the Coefficient of Performance (COP) and Energy Efficiency Ratio (EER) 

• define the relationship between the two main heat pump parameters 

• interpret the variation of both COP and EER, depending on temperature 

As shown in the following graph, the heat pump is involved in three main energy transferences. There 

is energy, which increases the thermal level of the heat pump fluid, Qc, there is thermal energy flow, 

which delivers energy at a high thermal energy level, QH, and means either that the system is losing 

energy or its energetic level is decreasing. Finally, there is an energy vector, which enters the system, 

WHP, this time in electrical/mechanical form, which drives the compressor to increase pressure and 

temperature within the gas zone.  

When balancing the heat pump, the sum of the three powers should be zero. Consequently, the heating 

power delivered at a high temperature should be the sum of both the power input at the compressor 

and heating power transferred in the evaporator.  

 

Figure 3: Heat pump heating case. (Source: Fraunhofer IEE) 
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Definition of COP: 

The efficiency of a heat pump is described by its coefficient of performance (COP). The COP describes 

the ratio of the heat output, �̇�𝐻 , to the electrical power consumption1, PHP. The coefficient of 

performance only considers the heat pump unit itself. It shows how a heat pump is significantly more 

efficient than other heating devices (e.g. the efficiency of heat pumps is three to four times higher than 

that of a classic gas boiler). 

𝐶𝑂𝑃 = 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
�̇�𝐻

𝑃𝐻𝑃
 

=
𝑃𝐻𝑃 + �̇�𝐶

 𝑃𝐻𝑃
 =

𝑊𝐻𝑃

 𝑃𝐻𝑃
+

�̇�𝐶

 𝑃𝐻𝑃
 = 1 +

�̇�𝐶

 𝑃𝐻𝑃
 

Where: 

COP  = coefficient of performance [-] 

�̇�𝐻 = heating power [kW] 

�̇�𝐶  = cooling power [kW] 

PHP = Input power [kW] 

Definition of EER: 

A heat pump's energy efficiency ratio (EER) indicates the unit's cooling efficiency. This rating is 

calculated by dividing the unit's cooling power (absorbed heating power) by its electrical 2input power 

consumption.  

𝐸𝐸𝑅 = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
�̇�𝐶

𝑃𝐻𝑃
 

Where: 

EER  = energy efficiency ratio [-] 

�̇�𝐶  = cooling power [kW] 

PHP = electrical input power [kW] 

 

Relationship between the COP and EER: 

As can be seen, when applying the EER definition in the last COP formula, the relationship between 

both parameters is obtained. 

𝐶𝑂𝑃 = 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 1 + 𝐸𝐸𝑅 = 1 + 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

Where: 

 
1 The input power of a heat pump depends on the type of heat pump. The most common heat pump type is an electrical heat 
pump. The definitions in this course are for electrical heat pumps accordingly. In the case of gas engine heat pumps the input 
power would be in the form of fuel.  

2 The input power of a heat pump depends on the type of heat pump. The most common heat pump type is an electrical heat 
pump. The definitions in this course are for electrical heat pumps accordingly 
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EER  = energy efficiency ratio [-] 

COP  = coefficient of performance [-] 

Representation of the COP and EER as a temperature function (the ideal working mode for a heat 

pump) 

The COP and EER have previously been defined as a ratio between the usable effect as a heat pump (or 

chiller) and the power needed to drive a compressor. 

The previous graph shows that the power needed is equal to the difference between the power 

delivered and the power absorbed. So, both efficiencies could be written as: 

𝐶𝑂𝑃 =
�̇�𝐻

�̇�𝐻 − �̇�𝐶

 

𝐸𝐸𝑅 =
�̇�𝐶

�̇�𝐻 − �̇�𝐶

 

Where: 

EER  = energy efficiency ratio [-] 

COP  = coefficient of performance [-] 

�̇�𝐻   = heating power [kW] 

�̇�𝐶  = cooling power [kW] 

In an ideal machine, cooling power and heating power are defined by evaporating and condensing 

temperatures, respectively, so now both efficiencies can be described as a temperature function 

(Carnot efficiency). 

𝐶𝑂𝑃 =
 𝑇𝐻

𝑇𝐻 − 𝑇𝐿
 

𝐸𝐸𝑅 =
 𝑇𝐿

𝑇𝐻 − 𝑇𝐿
 

Where: 

EER  = energy efficiency ratio [-] 

COP  = coefficient of performance [-] 

TH  =  The higher temperature of the heat pump at which heat is transferred to the heat sink [K] 

TL =  The lower temperature of the heat pump at which heat is absorbed from the heat source[K] 

This ideal representation of the efficiencies allows us to understand that both the COP and the EER 

decrease when the respective temperatures are farther apart, and they increase when condensing and 

evaporating temperatures are closer. In addition, it can be said that, for a same temperature difference 

between condensing and evaporation temperatures, both the COP and the EER are higher when the 

average temperature grows. 
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Figure 4: COPmax depending on the heat source temperature (Heat sink temperature = 55°C). (Source: 
RENAC) 

 

Besides the COP the annual COP is an important performance indicator of a heat pump. In contrast to 

the COP which is calculated by the heating power and input power in certain operating points the 

annual COP is calculated by the delivered heat energy and consumed electrical energy over the period 

of one year.  

𝜀 =
𝑄𝐻

𝑊
 

For instance, with an annual COP of 4, an annual heating demand of 10000 kWh can be covered with 

an electrical heat pump which consumes 2500 kWh electrical energy.  

The annual COP is usually lower than the COP and depend on the building type and the type of heat 

source.  

A study investigated the annual COPs of operating heat pumps which showed the following result: 

 

Heat pump Band width of annual COP Mean annual COP 

Brine / Water 3.1 – 5.1 3.88 

Water / Water 3.3. – 4.1 3.71 

Air / Water 2.3 – 3.4  2.89 

Table 1: Annual COP of different heat pump tyes (Source: Miara et. al 2011) 
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2.3 Heating 

Learning objectives: upon completion of this page, you should be able to: 

• describe the function and peculiarity of a heat pump, in the case of domestic heating 

In the case of domestic heating (e.g. the heating or production of domestic hot water in a building), 

temperature levels of 35°C (floor heating systems), 50°C (radiators) and 60°C (domestic hot water 

applications) are necessary. For this, the heat pump increases heat extracted from the environment, as 

described above, e.g. with the use of electricity. As the required temperature levels are close to that of 

the environment (0-10°C), the efficiency of such heat pumps is greater, the closer the flow temperature 

gets to the environmental temperature used, e.g. in the case of floor heating systems. 

It is important to highlight parts of Figure 4, below, when it comes to domestic heating. Although the 

complete machine is used to produce heat, only the components relating to heating use (condenser) 

and driving forces (compressor) are evaluated here. 

Objective: to produce heat at a determinate temperature (condensing heat). The chosen temperature 

should be high enough to drive one of the processes listed below: 

• radiators 

• swimming pools 

• heated floors 

• air heating via fan coils. 

• district heating 

• industrial process  

Driving energy: electricity or mechanical energy drives the compressor.  

The performance evaluation is done with the COP parameter, which only considers the heat that is 

used in the process and how much external energy was needed to drive the process. (The blue triangle 

hides the part of the cycle that is not evaluated for heating performance). 
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Figure 5: Heat pump for the heating case – the grey triangle represents the parts that are 
unimportant for heating. (Source: Fraunhofer IEE) 

2.3.1 Example  

Learning objectives: upon completion of this page, you should be able to: 

• perform a calculation for a heat pump in the case of heating  

• evaluate the results, in terms of performance 

• evaluate heat pump efficiency at different working temperatures (internal/external) 

Calculation method for a heating case: 

When performing a calculation for a heat pump in a heating case, take a look at schemes described by 

the system manufacturers, which represent the energies and efficiencies of heat pumps for different 

sources and sink temperatures, then: 

1. Select a suitable supply temperature (Tsup) to supply the zone with sufficient heat 

2. Read out the maximal power from the heat pump represented in the graph (see Figures 5: 2a 

and 2b), depending on the environmental temperature used and the temperature needed in 

the building 

3. Read out the electric power necessary to operate the heat pump (see Figures 5: 3a and 3b) 

4. Calculate the coefficient of performance: 

𝐶𝑂𝑃 = 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
�̇�𝐻

𝑃𝐻𝑃
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Where: 

COP  = coefficient of performance [-] 

�̇�𝐻   = heating power [kW] 

PHP = electrical power [kW] 

 

5. Calculate how much energy has been taken from the ambient (evaporative) power: 

�̇�𝐸𝑣 = �̇�𝐻 −  𝑃𝐻𝑃 

Where: 

�̇�𝐸𝑣v  = evaporative power [kW] 

�̇�𝐻   = heating power [kW] 

PHP = electrical power [kW] 

Explanatory graphic:  

Technically, a heat pump is always described by curves, which represent its energies and efficiencies 

for different source and sink temperatures.  

As shown in the graph, six different curves represent a heat pump working in heating mode. Three of 

these curves describe the energy delivered to the warm side of the heat pump, i.e. the condenser (left 

diagram), and the remainder represent the electricity input power used to drive the pump (right 

diagram). In both cases, each of the three curves define working cycles for three different condensing 

temperatures. 

In both diagrams, the x-axis represents the heat source temperatures and the y-axis represents the 

power used for the system. 

 

Figure 6: Example graphic of a heat pump for input power and electrical consumption. (Source: 
Fraunhofer IEE) 
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2.4 Cooling 

Learning objectives: upon completion of this page, you should be able to: 

• describe the function and peculiarity of a heat pump, in the case of cooling  

In contrast to the heating cycle, the cooling cycle of a heat pump is used to cool a fluid, or a material 

or an office, depending on the case (for example, a room in a building) by removing heat from it and 

expelling it to another area. Usually, the heat transfer is carried outdoors (for air conditioning) or into 

a room (for refrigeration). A distinction can be made between passive and active cooling. 

Active cooling: 

In the case of active cooling, the evaporator and condenser switch roles. The cold refrigerant absorbs 

heat from the hotter area in the evaporator, so that the room cools down. The refrigerant is then used 

in the compressor, to increase its temperature. Afterwards, it passes through the condenser, and 

transfers heat to the air outside. Finally, the refrigerant expands in order to decrease its pressure and 

cools down to below the space/room's temperature, in order to repeat the cycle.  

Advantages and disadvantages 

A heat pump must be able to switch on the refrigerant circuit, in order to cool a space/room actively. 

However, compared with conventional air conditioning systems, heat pump technology is more 

economical, enables higher performance, and is less expensive. 

Passive cooling: 

Devices, which transfer thermal energy from the heating or cooling circuit directly to the brine or 

groundwater can achieve passive cooling. While the brine then releases the heat to the ground via 

ground collectors, the groundwater absorbs the energy directly before it flows back into the depths, 

heated by an absorption well. In both cases, the compressor is switched off and the heat pump system 

consumes less energy. 

Advantages and disadvantages 

Passive cooling does not require an energy-intensive cooling process and it is especially good at 

conserving energy. Performance quality depends on the temperature of the groundwater. If the brine 

is 7–8°C, performance will be similar to active cooling, and no compression is needed. The higher the 

the earth or groundwater temperature, the lower the performance of passive cooling during summer. 
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Figure 7: Comparison of active and passive cooling via a combination of geothermal heat pumps and 
thermally activated building systems (TABS). (Source: REHVA, 2013) 

2.4.1 Example  

Learning objectives: upon completion of this page, you should be able to: 

• perform a calculation for a heat pump, in the case of cooling  

• evaluate the results, in terms of their performance 

• evaluate efficiency for different working temperatures (internal/external) 

Calculation method for a cooling case: 

When performing a calculation for a heat pump in a cooling case, the process is similar to the previous 

heating case, except that the three curves represented correspond to three different external air 

temperatures, and the temperature of the water which is to be sent to the distribution system is plotted 

on the horizontal axis. The calculation process is as follows: 

1. Select a suitable supply temperature (Tsup) to send sufficient cooling energy to the zone in 

question:  

a. A supply temperature of 7°C is capable of delivering sensible latent cooling 

b. 12°C is chosen only to extract sensible energy 

c. Some countries, like the USA, used to send water around 5°C 

2. Read out the maximal power achievable from the heat pump (chiller) represented in the graph 

(see Figure 6: 2a, 2b and 2c), depending on the environmental temperature used and the 

temperature needed in the building. The power depends on the ambient temperature (three 

different temperatures are represented). 

3. Read out the electricity needed to operate the heat pump in chilling mode  

(see Figure 6: 3a, 3b and 3c) 

4. Calculate the coefficient of performance: 
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𝐸𝐸𝑅 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑟𝑎𝑡𝑖𝑜 = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑄�̇�

𝑃𝐻𝑃
=

𝑄�̇�

𝑄�̇� − 𝑄�̇�

 

Where: 

EER  = energy efficiency ratio [-] 

�̇�𝐶  = heating power [kW] 

PHP = electrical power [kW] 

5. Calculate how much energy was delivered to the ambient (heating power): 

�̇�𝐻 = �̇�𝐸𝑣 +  𝑃𝐻𝑃 

Where:�̇�𝐸𝑣 = evaporative power [kW] 

�̇�𝐻   = heating power [kW] 

PHP = electrical power [kW] 

Explanatory graphic:  

Technically, a heat pump is always described by curves, which represent its energies and efficiencies 

for different source and sink temperatures.  

As shown in the graphs below, six different curves represent a heat pump working in cooling mode. 

Three of these (Figure 7, on the left) describe energy taken from the cold side of the heat pump, i.e. 

the evaporator, and the remainder (Figure 7, on the right) represent the electricity used to drive the 

pump. In both cases, each of the three curves define working cycles for three different ambient 

temperatures. 

In both diagrams, the x-axis represents external air temperatures, and the y-axis represents power 

either used by or supplied to the system. 

 

Figure 8: Example graphic of a heat pump for cooling power and electrical consumption. (Source: 
Fraunhofer IEE) 
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2.5 Chapter endnotes 

[1] Fraunhofer IEE 

[2] REHVA, Advanced system design and operation of GEOTABS buildings (Brussels, 2013).  

[3] ASHRAE: 2016 ASHRAE Handbook—HVAC Systems and Equipment 

[4] Jürgen Bonin, Heat Pump planning handbook.  
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3 Introduction to the parameters related to environmental and financial performance  

 

3.1 Operational Expenditure (OPEX) and Capital Expenditure (CAPEX) 

Learning objectives: upon completion of this page, you should be able to: 

• define and calculate OPEX and CAPEX 

• explain the application of OPEX and CAPEX in practice 

• calculate and evaluate a theoretical example and its results 

Capital expenditure for heat pumps includes: 

• the cost of system design (often hidden) 

• administrative costs: permits, application procedures, etc. 

• the cost of a product or system, including the tank 

• installation costs 

• financial advantages based on the investment cost: loans 

• grants, tax reductions, consulting services, etc. 

 

The typical range of CAPEX for heat pumps includes: 

• System design costs depends strongly on the WP sizing. We cannot deliver a fix or rated 

cost. 

• Ground source heat pump (range: 10 to 100 kW) and tank… 

o for minimal mass flow (3 l/kW):     1,845 to 2,711 €/kW 

o for optimization of operation time (20 l/kW):   1,992 to 2,795 €/kW 

o for blocking time/off-time (60 l/kW):   2,338 to 2,992 €/kW 

• Air/water heat pump (range: 3 to 50 kW) and tank… 

o for minimal mass flow (3 l/kW):     766 to 2,777 €/kW 

o for optimization of operation time (20 l/kW):   877 to 2,988 €/kW 

o for blocking time/off-time (60 l/kW):   1.139 to 3,483 €/kW 

• Installation costs. → There are only little information available. 

o 1.500 €/installation   

• costs for implementing/bringing into service are available (source: Dimplex) 

o excl. warranty: approximately 22,50 €/kW  

o incl. warranty of 5 years: approximately 33,75 €/kW 

• briefing/introduction to customer through expert: 300 € (source: Dimplex) 

Operational expenditure for heat pumps includes the next points as VDI 2067 describes: 

• Service and inspection:  
o 1.5 %/CAPEX for service and inspection 

• maintenance and repair: 
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o 1 %/CAPEX for maintenance and repair 

• System operation/handling: 
o 5 hrs/a for system operation/handling  

▪ specific costs for mechanic/handyman may vary  

▪ assumption: 50 to 70 €/hr → 250 to 350 €/a 

• planning (source: dimplex): 
o 1.100 €/day (incl. taxes of 19%) or 175 €/hr 

Example: Calculation of CAPEX/OPEX for an air/water heat pump for indoor installation 

1) Calculation of investment costs (CAPEX) for the heat pump, including storage tank and heating 

rod for the provision of domestic hot water: 

• equipment price for heat pump (11 kW with A2/W35), supply temperature 55°C  

= EUR 9,000  

• efficient combination storage tank, 600 litres = EUR 2,100  

• electric heating rod, 4-12 kW = EUR 450  

The specification A2/W35 for air-to-water heat pumps means that the output of the heat 

pump has been determined at an outside air temperature of 2°C and a heating water flow 

temperature of 35°C. 

 

CapEx_1 =  EUR 9,000 +  EUR 2,100 +  EUR 450 =  EUR 11,550  

 

2) Calculation of the costs required for project planning, materials such as heat pump 

accessories/storage tanks, bringing the pump into service, and installation:  

• project planning = EUR 500  

• material costs for heat pump accessories/storage tanks = EUR 2.000  

• bringing the pump into service = EUR 600  

• installation costs = EUR 1,500  

 

CapEx_2 =  EUR 500 +  EUR 2,000 +  EUR 600 +  EUR 1,500 =  EUR 4,600  

 

3) Determination of the total investment costs, CAPEXtotal 

CapExtotal =  CapEx_1 +  CapEx_2 =  EUR 11,550 +  EUR 4,600 =  EUR 16,150 

4) Determination of operating costs (OPEX): 

• heated area       = 150 m² 

• annual energy requirement    = 21.375 kWh 

• average annual performance factor of heat pump = 3.5 

• electricity price for heat pump     = 18.00 ct/kWh 

• additional costs      = EUR 60/year 

𝑂𝑃𝐸𝑋 =  21,375 𝑘𝑊ℎ/ 3.5 ∗  EUR 0.18/𝑘𝑊ℎ +  EUR 60/year =  EUR 1,159.44 
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In a study, which investigated the integration of a large-scale heat pump into an existing district heating 

network in Germany, the sensitivity of the levelized costs of heat (LCOH), depending on the investment 

costs, the electricity price, the interest rate and the COP were evaluated. On the one hand the LCOH 

increase with decreasing COP while on the other hand the LCOH decrease with decreasing electricity 

price, investment costs and interest rate. Moreover, the study showed that in the presented case, the 

LCOH are most sensitive with regard to changes in the electricity price and the COP and less sensitive 

with regard to changes in the investment costs and interest rate.  

 

Figure 9: Sensitivity analyses. (Source: Popovski et. Al, 2019) 

 

3.2 Economic trends regarding economies of scale 

Learning objectives: upon completion of this page, you should be able to: 

• name important factors which influence cost development and profitability 

• explain how the concept of ‘economy of scale’ works 

• explain how to optimise CAPEX when planning to install a heat pump 

The EHPA statistics for 2017 [77] report that more than 1.1 million heat pumps were sold that year in 

Europe. Over the last 10 years, sales of heat pumps in Europe have therefore almost doubled. 



 

Heat pumps for heating and cooling – technology and applications Page 22 of 59 
09/03/2020 

        

Figure 10: The number of heat pumps installed in EPHA member countries in 2017 (left), compared 
with the number of heat pump sales over the last 10 years (right). (Source: EPHA, 2019) 

The main factors influencing the economic success of heat pump operations are: 

• the cost of fossil fuels 
• the cost of electricity 
• interest rates 
• the efficiency of the heat pump system (degradation) 
• the simultaneous availability of heat supply and heat demand, plus simultaneous demand for 

heating and cooling 
• investment cost differences  

Operational cost savings become more and more difficult when the energy price is distorted, as many 

governments chose to recover the cost of greening their electricity systems by passing electricity costs 

on to developers. At the same time, cost of fossil fuels does not reflect the negative environmental 

impact of their use. Therefore, the relative cost of heat provision tends to point in favour of fossil fuels. 

Economy of scale [8] 

An economy of scale is a cost advantage which a company has when production becomes efficient; this 

is the case when costs can be spread over a larger amount of goods. Whether or not a business can 

achieve an economy of scale is related to its size. When the system size increases, the result is lower 

costs per unit. Therefore, purchasing resources in bulk and spreading overhead costs over larger 

networks can achieve lower costs of production. So, larger companies will have more cost savings and 

higher production levels than small companies. But, what does economy of scale mean when it comes 

to, for example, a ground source heat pump? 

The investment costs for a geothermal heat pump are divided into 75% costs for wells and pipes and 

25% costs for the pump. If the system were to double in size, the costs for the wells and pipes would 

also double. However, the costs for the pump would increase by a smaller factor, of 22/3.  

𝐶𝑎𝑝𝐸𝑥2 = 𝐶𝑎𝑝𝐸𝑥𝑟𝑒𝑓  (
𝑆𝑖𝑧𝑒2

𝑆𝑖𝑧𝑒𝑟𝑒𝑓
)

2/3
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At the same time, costs for operation and maintenance are reduced, which are estimated to be 5% of 

the pump’s CAPEX. 

Optimisation of CAPEX when planning a heat pump [8] 

Another possibility for optimising heat pump costs is to adjust the heat load to be delivered. When a 

system is sized to provide all the heating requirements year-round heating dominated climate, large 

and expensive ground loops would be required, that are not used during most of the year. For this 

reason, ground source heat pumps are sized to provide 70-90% of the peak load. This reduces the 

investment costs for wells and pipes by 10-30%. The costs for the pump remain the same. In this case 

it has to be checked whether a peak load boiler is needed in addition to the heat pump system. 

The choice of heat source is also decisive for the operation of the heat pump, and thus for the 

operational electricity costs. The smaller the temperature range for the heat pump, the more efficient 

and cost-effective it can be. 

The last possibility for reducing investment costs is choosing between a horizontal or vertical earth 

collector installations. If pipes are laid horizontally, 50% of the investment costs can be saved. 

 

3.3 Chapter endnotes 

[3] Ifu - Institut für Umweltenergie, CO2 Emissionen Berechnung (Heidelberg, October 2018). 

[4] Öko-Institut 2010, as of June 2010. 

[5] Our World in Data (2017): https://ourworldindata.org/annual-co2-emissions 

[6] Investopia 2019: https://www.investopedia.com 

[7] European Heat Pump Association (EPHA) 2019 Market Report: https://www.ehpa.org 

[8] Jensen, Thor, ‘Improving the Economics of Ground Source Heat Pumps through a Community 

Energy Utility’, ACEEE Summer Study on Energy Efficiency in Buildings (2012), 5-245. 

[10] VDI 2067 [2012-9]: Wirtschaftlichkeit gebäudetechnischer Anlagen - Grundlagen und 

Kostenberechnung. Economic efficiency of building installations - Fundamentals and 

economic calculation.  
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4 Existing heat pump technologies and their applications 

4.1 Heat pump technologies 

Learning objectives: upon completion of this page, you should be able to: 

• describe different heat pump technologies 

• explain their similarities and differences, as well as typical system features 

 

Figure 11: Classification of heat pump technologies. (Source: Nelissen, P and Wolf, S., 2015) 

A compression heat pump:  

• Uses the physical effect of heat from evaporation. In it, refrigerant circulates and, driven 

by a compressor, alternately assumes the aggregate states of liquid and gas.  

• Is driven electrically, or by oil/gas 

 

Figure 12: Functional principle compression heat pump [11] ((1) Due to the heat from the air, soil or 
ground water, the refrigerant begins to evaporate to gas, (2) Under pressure (compression) the gas is 
compressed and thus heated even further, (3) The heat is transferred to the heater, the gas begins to 

condense, (4) The cycle starts again, the gas is liquefied again). (Source: Ihre Wärmepumpe, 2019) 

An absorption heat pump:  
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• Uses the physical effect of the reaction heat when mixing two liquids or gases with one 

fluid or one solid (typically salts, like LiBr or LiCl). This type of pump has a solvent circuit 

and a refrigerant circuit. The refrigerant is repeatedly dissolved (energy is needed) or 

expelled (energy is released).  

 

Figure 13: Functional principle absorption heat pump [11] ((1) The ambient heat causes the 
refrigerant to evaporate to gas (2) The refrigerant is taken up (absorbed) by the sorbent, this 

generates heat for the heating system (3) The heat supply separates the refrigerant from the sorbent 
(4) The refrigerant liquefies, producing usable heat of condensation; the cycle starts again). (Source: 

Ihre Wärmepumpe, 2019) 

An adsorption heat pump:  

• Works via a solid solvent (the ‘adsorbent’), on which the refrigerant (water) is adsorbed or 

desorbed, i.e. the fluid ‘attaches’ itself to the surface of the solid. Heat is added to the 

process during desorption, and removed during adsorption. Since the adsorbent cannot 

be recirculated, the process can only run discontinuously, switching cyclically between 

adsorption and desorption.  

 

Figure 14: Functional principle adsorption heat pump [11] ((1) The geothermal heat causes the 
refrigerant to evaporate to gas (2) The refrigerant binds visibly (adsorbed) to the sorbent. This 

generates heat for the heating system (3) The sorbent is heated and dried. This causes the refrigerant 
to dissolve. (4) The refrigerant liquefies, producing usable condensation heat. The cycle starts again.). 

(Source: Ihre Wärmepumpe, 2019) 

A rotary heat pump [10]: 

• Generates high- and low-pressure ranges via centrifugal forces. The rotary heat pump 

works according to the principle of a counter-clockwise Joule process. An inert gas is used 

as the working medium. The rotation compresses the gas in the outer areas. It emits heat 

at high temperatures of up to 150°C, via a gas-heat exchanger, to the heat sink. Lower 
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pressure is generated in the inner areas, where heat is also absorbed via a gas-heat 

exchanger.  

• Offers the following significant advantages via the Joule process: 

o a high sink outlet temperature of up to 150°C 

o temperature level flexibility  

o higher usable output potential, due to the sliding temperature during heat transfer 

4.2 Systematic overview of different heat pump system applications  

Learning objectives: upon completion of this page, you should be able to: 

• select different heat pump systems for various application purposes: residential, industrial, 

and district heating 

• explain special system conditions, taking the relevant application into consideration  

Residential 

In residential buildings, heat pumps are primarily used for heating. The most frequently used heat 
pumps are electric heat pumps, such as air/water, air/air, and water/water (see 

 

Figure 15).  
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Figure 15: Application of heat pumps in the residential sector (in German). (Source: Schumann, D., 
2019) 

In warmer climates, as well as in non-residential buildings, heat pumps may be used for cooling. The 
following table shows a comparison of different heat pumps, depending on their area of application in 
buildings. Distribution of these heat pumps is according to the energy supply available for heating or 

cooling. 

 

 

 

Energy 
supply 

Heat pump 
system 

Source 
Energy generation 

by means of: 
Supply temperature COP 

H
e

at
in

g 

Ground source 
heat pump 

Geothermal heat 
Deep drilling, earth 
collector, compact 

collector 

35-45°C  
(floor heating, 

radiator) 
60°C  

(domestic hot water) 

4.2-5.2 

Ground water 
heat pump 

Ground water (legal 
approval required), 

mine water 

Suction wells, 
absorption wells 

4.5-5.7 

Air/water heat 
pump 

Ambient air 

Ventilator 
indoor/outdoor 
(consideration: 

noise protection) 

35-45°C  
(floor heating) 

3.2-4.2 

Domestic hot 
water heat pump 

Room air Ventilator 
65°C  

(domstic hot water) 
>3.0 

Gas heat pump 
(adsorption, 
absorption) 

Gas/sun  >70°C >1.6 

 

Table 2: Comparison of different heat pump systems for heating and cooling (Source: effeff.ac) 
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4.3 District heating and cooling systems 

Learning objective: upon completion of this page, you should be able to: 

• explain how district heating and cooling systems work 

District heating and cooling can be provided in various ways. If the available heat source is cold or warm 

enough to cover the demand for cooling or heating, the heat or cold is provided directly via a heat 

exchanger, which separates the supply circuit from the heat recovery circuit. If the temperature of the 

available heat source is not high enough to cover the demand (e.g. for domestic hot water), central or 

decentralised heat pumps may be used, which can provide the required temperature range in an 

energy-efficient way. 

  

Decentralised heating with decentralised heat 

pumps in buildings 

Centralised heating with the help of a central 

energy station 
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Direct cooling with ground water, e.g. mine 

water 

Direct heating for flooring in winter  

Figure 16: Schematic representation of different possibilities for ground heat or mine water, when 

used for district heating and cooling. (Source: Fraunhofer IBP, 2011) 

 

 

Typical heat sources for district heating and cooling heat pumps [15] 

1. Sewage water: 

• The most common type of heat source found in Norway, Sweden, Finland and Switzerland 

• It has a temperature range of between 10°C and 20°C 

2. Ambient water: 

• From seas, lakes and rivers  

• It has a temperature range for the heat source of 2°C to 15°C 

3. Industrial waste:  

• This is produced by various industrial processes 

• It has a temperature range for the heat source of between 12°C and 46°C 

4. Geothermal water: 

• Has a wide temperature range for the heat source, of between 9°C and 55°C 

5. Flue gas: 

• Has a temperature range at the heat source of between 34°C and 60°C 

6. District cooling: 

• Is a heat source from heat pumps that are connected to the return pipe of the district 

cooling network 

• Has the lowest temperature ranges in the survey, of between 0°C and 9°C 
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7. Solar heat storage: 

• Has temperature ranges for the heat source of between 10°C and 35°C 

8. Mine water: 

• Has temperature ranges for the heat sources of between 16°C and 30°C 

For the heat pumps in the survey, the COP has a value of between three and four. This represents the 

average practical SCOP generally achieved throughout one year. (The concept is deployed in the 

following chapter – ‘Heat pumps and their application in different climate zones’).  

 

4.4 Heat pumps for the industrial drying and washing process 

Learning objectives: upon completion of this page, you should be able to: 

• explain the role of heat pumps in the industrial drying and washing process  

• explain how heat pumps are used for the washing process 

The drying process is a very important industrial process. The most common dryer type is one in which 

the air is heated with steam, gas or hot water, and then circulated over the wet product. 

Example – a dehumidifying kiln:  

• Air picks up moisture from the wet product (blue arrows, 3), e.g. wood  

→ Humidity increases, and the energy contained in this stream may make it a useful heat 

source  

• The aim is either to exhaust this humid air, or to dehumidify it 

• The heat pump (1) extracts heat from the humid air  

→ Air cools down and is dehumidified (2) 

• Extracted heat can be increased in temperature (4) and used to heat the dryer (7) 
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Figure 17: Example – a dehumidifying kiln. (Source: David et al., 2017) 

 

Washing processes [17] 

• Washing processes involve pouring hot water, sometimes mixed with a solvent, over a 

product 

• Washing installations are often equipped with an air discharge fan, in order to prevent any 

vapour forming in the installation  

• The discharged air, with a high humidity ratio, is blown into the ambient, maintaining the 

inside the washing machine under pressure. 

• The heat pump uses heat from the discharged air to heat the water for washing  
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Figure 18: Schematic picture of the washing process. (NIGOS Elektronik, 2019) 

 

4.5 Heat pumps for the water heating process (using waste heat from a refrigeration system) and 

the pasteurisation process  

Learning objectives: upon completion of this page, you should be able to: 

• explain the heating of process water using waste heat from a refrigeration system 

• explain the pasteurisation process 

Water heating process - using waste heat from a refrigeration system [17]: 

• The food industry produces products that need to be cooled or frozen before transport 

and/or consumption/utilisation  

• Hot water is needed, both for the process itself and for the purpose of consequent cleaning 

• Waste heat from a refrigeration system temperature = 25-30°C  

• An add-on heat pump uses waste heat from the condensing side of the refrigeration 

system to heat water to temperatures of <80°C  

→ this increases the pressure of the refrigerant, from the refrigeration system, in order to 

achieve high condensation temperatures 
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Figure 19: Heating process for water, using waste heat from a refrigeration system. (NIGOS Elektronik, 
2019) 

Pasteurisation [17] 

• For pasteurisation, a product temperature of >70°C is needed 

• Afterwards, the product is cooled down 

• The product temperature thus varies from cold (before pasteurisation) to hot (during 

pasteurisation), and back to cold again (after pasteurisation)  

• The temperature of compressed gasses from the refrigeration installation condensation = 

25-30°C. The heat pump compressor increases the pressure of the gaseous refrigerant 

further, so that the condensation temperature becomes >80°C. The heat released at the 

refrigeration system condenser can thus supply heating for pasteurisation. After the 

refrigerant has condensed in the refrigeration system, its pressure is reduced inside an 

expansion element, after which the refrigerant is sent back into the original cooling cycle. 
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Figure 20: The pasteurisation process (NIGOS Elektronik, 2019) 

4.6 Advantages and disadvantages 

Learning objectives: upon completion of this page, you should be able to: 

• compare different purposes for heat pumps  

• explain the advantages and disadvantages of using different heat pump technologies and 

layouts to satisfy a number of pre-determined purposes 

The following table shows the advantages and disadvantages of different heat pump systems for 

heating applications. 

 

Heat pump system Advantage Disadvantage 

Ground 

source/Water heat 

pump 

• High annual coefficient of 

performance 

• Constant temperatures 

• Expensive 

• Complex drilling for installation 

• Official approval is required for 

drilling 

• Increased space requirement - for 

earth collectors 

• Efficiency depends on soil/water 

conditions 

Air/water heat 

pump 

• Low-cost 

• Easy installation 

• No approval is required 

• Low annual coefficient of 

performance, in some climates 

• Dependent on the outside air 

temperature 

• Efficiency is not constant 

throughout the year, and is 

especially low on cold days when 

most heat is needed 
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Domestic hot water 

heat pump 

• Central hot water preparation at 

low operating costs 

• Can be optimally combined with 

a photovoltaic system for private 

use of solar power 

• Hot water and heating are 

separate systems 

• Additional electricity costs for the 

extreme hot water temperatures 

supported by the electric heating 

element  

• The electricity for the heat pump 

can be switched off for 1 to 4 hours 

a day  

Rotary heat pump 

• Flexibility of temperature level, 

between -20 to +150°C 

• Better COP due to variable 

temperatures during heat 

exchange 

• High investment costs 

 

Table 3: The advantages and disadvantages of different heat pump systems 

 

4.7 Photovoltaic self-consumption in combination with residential/industrial purposes 

Learning objectives: upon completion of this page, you should be able to: 

• explain heat pump application in connection with photovoltaic self-consumption 

• derive heat pump application limits, in this context 

The integration of renewable energy into power generation has increased significantly over the past 10 

years, worldwide. In particular, the share of wind power, solar PV, bio-power, geothermal, CSP and 

offshore wind power recorded strong growth. This means that around 26% of the electricity generation 

was produced by renewable energies in 2018 (see Figure 21).  

Electricity production based on renewable energy is not constantly available; instead, it depends on 

local climatic conditions and is thus less stable, compared to the energy produced by conventional 

power stations. However, energy storage technologies (EST) can enable the effective integration of 

renewable energy. With EST, electrical energy can be stored during times when production from wind 

and solar power generating units exceeds consumption; it can then be returned to the grid when 

production falls below consumption. Thereby, the aim of using electricity for heat generation (so-called 

sector coupling) is to gradually replace fossil energies by using renewable energy sources, and to 

stabilise the grid by adjusting demand to align with a fluctuating power supply.  

For this reason, new approaches providing demand-side flexibility are becoming increasingly 

important. Such approaches include: 

 

• thermal energy storage and batteries 

• control strategies – demand-side management  

• new business models combining storage and control 

• modern conventional power plants, capable of ramping up very quickly 
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Heat pump-based heating systems can be connected to electric grids by means of thermal energy 

storage. The following solutions show how heat pumps and an electrical grid based on renewable 

energies can work successfully together [20]: 

• Heat pumps include a water tank for storing domestic hot water, and there may be a 

second tank to store heat or cold for distribution later on [18] 

• Heat pumps, in combination with the thermal mass of a building, can be heated up by using 

floor or wall heating systems, which shifts demand [19] 

• If the heat pump system is equipped with a battery, its charge can be used to run the heat 

pump at night - for cooling and heating 

 

Figure 21: Global power generating capacity, subdivided into non-renewables, hydropower and wind 
power, etc. (2008-2018). (Source: T. Nowak, 2018) 

The application limits of sector coupling can be found within both supply and demand. On the supply 

side, sector coupling is limited because wind and solar power are dependent on the weather, and they 

therefore fluctuate in their delivery, their timescales ranging from minutes, to hours, to a number of 

days. Feed-in fluctuations generated by renewables are one of the key challenges to the stability and 

quality of electrical power grids. When the proportion of renewable energy sources in a grid is 

sufficiently high, the lack of stabilising functionality may cause large fluctuations in power grids. On the 

user side, inflexible devices could limit the efficient use of renewable energy sources. Furthermore, the 

lack of incentives for end users and power suppliers discourages the integration of fluctuating 

renewables.  

Technologies such as electric heat pumps, which convert electricity into heat, have massive potential. 

They can help to replace fossil fuels with renewable electricity. Furthermore, expected price drops and 

surplus electricity from renewable energy could enable opportunities for increased active coupling 

between the electricity and heat sectors. 
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5 Heat pumps and their application in different climate zones 

5.1 Climate zones 

Learning objectives: upon completion of this page, you should be able to: 

• explain certain climate characteristics that influence heat pump performance  

• define climate zones on the basis of the air temperature, available radiation, and heating 

and cooling periods  

The performance of a heat pump is strongly dependent on the temperature level of the heat source 

being used. The delta T between the heat source and heat requirement has an influence on the 

efficiency of the heat pump on the one hand, but also on its area of application for heating or cooling 

on the other. This chapter gives an overview of the different climate zones and their special features. 

The seasonal coefficient of performance (SCOP) and seasonal energy efficiency ratio (SEER) are also 

used to calculate the required seasonal COP and EER. 

 

Figure 22: The different global climate zones. (Source: Meteoblue, 2019) 

• Tropical zone from 0°–23.5° latitude [22]: 

o Includes regions between the equator and the tropics (the equatorial region) 
o Solar radiation reaches the ground almost vertically at noon, during nearly the entire 

year 
o There is a very warm climate and high air humidity 

• Subtropics from 23.5°–40° latitude [22]: 

o The highest radiation is in summer, and there is less moisture  
o Most of the world’s deserts are situated within this zone 

o In winter, radiation decreases significantly → very cool (-5°C)  

https://content.meteoblue.com/en/meteoscool/general-climate-zones/tropical-zone
https://content.meteoblue.com/en/meteoscool/general-climate-zones/subtropical-zone
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• Temperate zone from 40°–60° latitude [22]: 

o Solar radiation reaches the ground at a smaller angle 
o Average temperatures here are much cooler than in the subtropics 
o The seasons and length of daytimes vary significantly over the course of the year 
o The climate is characterised by less frequent extremes of temperature 

•  Polar and subpolar zone (cold zone) from 60°–90° latitude [22]: 

o Less heat is produced via solar radiation 
o Solar radiation reaches the ground at a very flat angle  
o Polar conditions continue throughout the summer months 

 

Figure 23: Global radiation. (Source: Meteoblue, 2019) 

The following table shows a summary of the typical parameters for each climatic zone - such as, average 

temperature, minimum/maximum temperature, solar radiation and humidity. 

 Tropical zone Subtropics Temperate zone Cold zone 

Average 

temperature  
>20 to 30°C >20 to 35°C 0 to 20°C -47 to 0°C 

Minimum 

temperature 
0°C -5°C -40°C 

-89°C  

(Antarctica) 

Maximum 

temperature 
up to 40°C 

+66°C  

(Libya, Iran, 

Death Valley) 

+40°C 
+25°C  

(Tundra) 

Solar radiation 
1,600-2,600 

kWh/m²/year 

2,000-2,600 

kWh/m²/year 

600-1,800 

kWh/m²/year 

0-1,400 

kWh/m²/year 

Humidity  70% <30% 30–80% <20% 

Table 4: The climate zones and their characteristics. (Source: Meteoblue, 2019) 

https://content.meteoblue.com/en/meteoscool/general-climate-zones/temperate-zone
https://content.meteoblue.com/en/meteoscool/general-climate-zones/cold-zone
https://content.meteoblue.com/en/meteoscool/general-climate-zones/subtropical-zone
https://content.meteoblue.com/en/meteoscool/general-climate-zones/cold-zone
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5.2 Seasonal Coefficient of Performance (SCOP) and Seasonal Energy Efficiency Ratio (SEER)  

Learning objectives: Upon completion of this page, you should be able to: 

• Define the seasonal coefficient of performance (SCOP) and the seasonal energy efficiency 

ratio (SEER) 

The seasonal coefficient of performance (or, SCOP) describes the average COP throughout one heating 

season. Depending on how it is defined, the SCOP value might include other parts of a heating system, 

in addition to the heat pump. SCOP determines the annual coefficient of performance of a heat pump 

under various operating conditions, weighted according to climate zones. Three climate zones are 

defined in the European Normative which describe the hardness of the climate as ‘colder’, ‘average’ or 

‘warmer’. The number of heating working hours in each of these zones corresponds to 6,464, 4,910 

and 3,590 hours, respectively.  

The seasonal energy efficiency ratio (or, SEER) is used to measure the efficiency of air conditioners. 

The higher the SEER, the more efficient the system. SEER measures how efficiently a cooling system 

will operate over an entire season. In technical terms, SEER is a measure of the total cooling of an air 

conditioner or heat pump during the normal cooling season, as opposed to the total electrical energy 

input (in watt-hours) consumed during the same period. SEER is measured with partial loads (100%, 

74%, 47%, and 21%), which makes it particularly well suited to residential or office use. 

An example of EU heat pump labelling is as follows: 

On the top of the label there are two fields (I and II) where the manufacturer’s name and the heat 

pump model should be written.  

Under this, in a left-hand column, there is a single SEER definition, the categories for which go from 

A+++ to D (see the upper coloured table on the right, in Figure 22). 

In a right-hand column, the efficiency of the heat pump in heating modus for the three normalized 

European winter climates is represented - in orange for warm zones, in green for average climates, and 

in blue for cold climates. As well as the efficiency class, the SCOP value is different for each of the zones. 
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Figure 24: The application of SEER and SCOP to energy efficiency classes [EN 14511] for air 
conditioners, liquid chilling packages and heat pumps for space heating and cooling and process 

chillers, with electrically driven compressors (Source: EU, 2013)  

5.3 Heat pump applications in different climate zones 

Learning objectives: Upon completion of this page, you should be able to: 

• Select appropriate heat pump systems for different climate conditions: hot, moderate, or 

cold climates  

• Assess the advantages and disadvantages of heat pumps in comparison with other 

technologies 

In Europe, the trend is to assign energy sources to actual demand, in terms of the quality of their 

delivery. Combustion processes that provide high temperatures and have high CO2-emissions should 

therefore be used for high-temperature applications, e.g. saunas and domestic hot water. For the 

provision of warmth to heat rooms, however, a temperature of 35°C is sufficient. This temperature can 

be provided by low-temperature sources, based on the geothermal energy or waste heat used by heat 

pumps. The following figure shows optimal matching between demand and supply energy quality. 
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Figure 25: Matching the energy quality of demand and supply (Source: Hepbasli, 2012) 

The use of heat pumps is strongly dependent on the heat source available, as well as on the prevailing 

climatic conditions. In temperate climates (such as in Central Europe) decentralised heat pump supply 

systems that are based on ground heat, ambient air, or ground water are often used. They have the 

advantage of providing heat with high efficiency and low CO2 emissions. Heat pump systems have an 

advantage over conventional heat supply systems (such as oil and gas condensing boilers), because 

they operate independent of fossil fuel, emission-intensive, and imported energy resources. The 

electricity required to operate the heat pump can also be generated and provided from renewable 

energy sources, such as wind, water and solar. Heat pumps are often used either in combination with 

PV-systems for private/residential electricity use, or in combination with solar thermal systems for the 

separate provision of domestic hot water. 

In colder climates heat pumps are often used to supply district heating (such as in the Nordic countries 

of Iceland, Norway and Sweden). Therefore, waste heat from industrial processes is used primarily for 

this purpose. 

In hot climates, heat pumps are used in the domestic sector not for heating, but for cooling - in this 

case, building temperatures should be kept under 26°C and 70% relative humidity (the human ‘comfort 

zone’). Most of the time, hot and humid climates have ambient temperatures of over 26°C and high 

humidity, which means that buildings are being heated via solar radiation and energy exchange with 

ambient conditions. Ventilation also brings heat into the occupied zones, and at night time the 

temperature does not decrease enough to cool down the buildings. Therefore, the only way to cool 

down the occupied zones is to use chillers to dehumidify and cool down rooms. In such climates, 

combining the use of heat pumps with PV systems is recommended.  
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5.4  Calculation for SCOP 

Learning objectives: Upon completion of this page, you should be able to: 

• calculate and evaluate SCOP and SEER for all four previously defined parameters for heat 

pump working efficiency 

• Describe the calculation method of the Seasonal Coefficient of Performance 

The SCOP (Seasonal coefficient of Performance) describes the heat pump’s average annual efficiency 

performance. The SCOP is an expression of the efficiency of a specific heat pump for a specific heat 

demand profile.  

Basically, the SCOP calculation method consists in dividing the heating season into a number of hours 

with different temperatures (called bins), which together are to reflect the variations in temperature 

over a heating season. Furthermore, a heating demand curve is determined for the temperatures, 

providing the heating demand that the heat pump is to meet for each set of temperatures. A COP value 

for each of the bins is found, and together these form the basis for calculating the average COP, i.e. the 

SCOP. 

The calculation of SCOP and SEER for Europe is detailed in the norm [25]. Here, we follow the steps 

required.  
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Table 5: Cooling and heating season bins (j=bin index, Tj=outdoor temp., hj=hours per annum, per bin). 
(Source: Fraunhofer IEE) 

The heating season is defined on the right side of Table 5. A few referenced temperatures are 

underlined, or boxed. These temperatures correspond with the working points -7°C, 2°C, 7°C, and 12°C, 

which are later used to define the COP of our heat pump at these external temperatures, when a 

building is heated to 20°C. The value corresponding to -15°C is also being used to evaluate colder 

climates. 

In Table 5, it can be seen that average climates do not consider values corresponding with external 

temperatures of under -10°C, and that warmer climates do not consider values of under 2°C. 

The columns ‘warmer’, ‘average’ and ‘colder’ define the number of hours that a determinate 

temperature occurs in a normalised year. The same values are plotted here. 

 

Figure 26: Distribution of temperature for the three climate zones: average, warm and cold. (Source: 
Fraunhofer IEE) 

To calculate the SCOP, the COP of the heat pump is tested at (-15°C), -7°C, 2°C, 7°C and 12°C, and the 

remaining COP values are interpolated between the given data, for all temperatures. The testing point 

at -15°C is only relevant for colder climates but not for average climates. When the heating power 

demand is divided by the interpolated and tested COPs the electric power demanded of the buildings 

can be determined, at each temperature, and averaged with the frequency, a temperature appears for 

each of the chosen climate conditions. A yearly averaged COP is obtained and defined as the SCOP. An 

example of the complete calculation is described in EN14825 [27]. 
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5.5 Calculation for SCOP and SEER 

Learning objectives: Upon completion of this page, you should be able to: 

• Describe the calculation method of the Seasonal Energy Efficiency Ratio 

 

Figure 27: Standardized yearly building demand for heating (left) and cooling (right). (Source, World 
Bank, 2017) 

 

The Seasonal Energy Efficiency Ratio (SEER) is defined in the same way as the SCOP, but in this case the 

SEER is defined for a single climatic condition (defined in the previous table, on the left-hand side) and 

evaluated with EER values at 25°C, 30°C and 35°C. One winter climate and one summer climate have 

been chosen for the graphs in Figure 27. The one that fits our case better is chosen, if we do not have 

available data for the building and location being studied. The power of the heat pump is able to create 

at a determinate condensing/evaporating temperature (heating and cooling mode) should be printed 

over this data. 

In our case, demand and production curves, as well as the control points defined for SCOP and SEER, 

are described in Figure 28. For the SCOP, the electrical consumption of the heat pump, which produces 

heating between points B, C, D and E, plus the electricity produced with electrical back up between 

points A, B and C are considered. For the SEER, the electrical consumption corresponds with the area 

under the curve F-G-H. 
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Figure 28: Yearly distribution of building demands as a function of ambient temperature, and heat 
pump and chiller curves for a determinate machine. (Source, World Bank, 2017) 

 

5.6 Example Calculation of an SCOP 

Learning objective: Upon completion of this page, you should be able to: 

• calculate and evaluate SCOP for all four previously defined parameters for heat pump 

working efficiency 

In Belgium, a heat pump is going to be installed, which will deliver energy at 45°C in winter (to keep 

the building temperatures controlled at 20ºC) and in summer (to produce cool air at 12°C).  

The following two curves represent the building heating demand for an average climate, and the energy 

production of the chosen heat pump (the first graph), and the COP of the chosen generator 

In order to obtain the electrical demand, we should control how much building heating a heat pump is 

able to deliver, and divide that value by the COP at that temperature. 

For -7°C, the heating demand of the building is 8.5 kW of which the heat pump produces 7.5 kW, with 

a COP of 2.6 that leads to 2.9 kW electrical input power for the heat pump. At this point, a backup 

electrical heater should produce the difference between the building demand and the maximal 

production of the heat pump. The electrical backup heater is assumed to have a COP of 1 which result 

in an additional electrical demand of 1 kW which sums up to a total electrical demand of 3.9 kW  

For 2°C, the building demands less energy than the production potential of the heat pump, so the 

generator should produce only the energy demanded (5.4 kW, with a COP of 3 leads to 1.8 kW 

electricity).  

For 7°C (as in the case of 2°C), the demand of the building is lower than the potential production (3.7 

kW, with a COP of 3.4 leads to   1.08 kW electricity). 
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For 12°C, the demand is 1.8kW, with a COP of 3.6 leads to 0.5 kW electricity. 

 It is assumed that the building demand is represented by the values corresponding to -7°C, 2°C, 7°C 

and 12°C in the percentages 4%, 35%, 22% and 39%, respectively. 

The building averaged demand is:  

8.5 kW * 4% + 5.4 kW *35% + 3.7 kW * 22% + 1.8 kW * 39% = 3.746 kW 

The electrical demand:  

= (2.9 + 1) kW * 4% + 1.8 kW * 35% + 1.08 kW * 22% + 0.5 kW * 39% = 1.2186 kW 

The SCOP = Thermal demand/Electrical demand = 3.07 

 

 

Graphic example of an SCOP calculation. (Source: RENAC) 
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5.7 Chapter endnotes 

[22] Meteoblue: https://content.meteoblue.com 

[23] World Bank, ‘Global Solar Atlas 2017’: https://globalsolaratlas.info 

[24] Fraunhofer IEE, n.d.  

[25] DIN EN14825: ‚Luftkonditionierer, Flüssigkeitskühlsätze und Wärmepumpen mit elektrisch 

angetriebenen Verdichtern zur Raumbeheizung und -kühlung - Prüfung und 

Leistungsbemessung unter Teillastbedingungen und Berechnung der jahreszeitbedingten 

Leistungszahl‘; Deutsche Fassung EN 14825:2018, Ausgabe 2019-07. 

[26] EN 14511: Air conditioners, liquid chilling packages and heat pumps for space heating and 

cooling and process chillers, with electrically driven compressors 
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6 Refrigerant fluids 

6.1 Natural and synthetic refrigerant fluids 

Learning objectives: Upon completion of this page, you should be able to: 

• Name different types of natural and synthetic refrigerant fluids, according to their 

composition 

Heat pumps use a heat transfer medium known as ‘refrigerant’, which is required to move heat from a 

heat source to a heat sink. The refrigerant circulates through the heat pump to absorb, transport and 

release heat. Refrigerants are sub-divided into natural and synthetic types. 

 

Figure 29: Typical pressures and temperatures of industrial heat pumps. (Source: 
industrialheatpumps.nl, 2019) 

Natural refrigerants (e.g. water, air, carbon dioxide, ammonia, and hydrocarbons) are characterised by 
very low global warming potential (GWP), which makes them available to be used with few or no 
environmental restrictions. In addition, natural refrigerants have good transport properties and allow 
efficient thermodynamic cycles. 

 

Ammonia (NH3) (R717): 

• Is used in medium and large-scale applications 

• Is usable for temperatures of up to 90°C 

• Has an efficiency which is comparable to a synthetic refrigerant  

• Is moderately flammable and toxic 

• Requires specific safety precautions   

• Due to its corrosive properties, and different working temperature and pressure, 

ammonia cannot be used to retrofit the heat pumps using synthetic refrigerants, such as 
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R-22 and  

R-134a.  

Carbon dioxide (CO2) (R744): 

• Is non-toxic, non-flammable, and non-corrosive  

• Is generally obtained as a waste product 

• Is a low-cost refrigerant  

• Is a trans critical fluid, for which temperature and pressure can be controlled separately 

• Has a heating COP which is 25–150% better than R-134a 

• Is suitable for high temperature applications, as the lower the temperature in the inlet, the 

better the overall efficiency  

• Must work under high pressure, making it less suitable for large-scale applications (> 1–2 

MW) 

Hydrocarbons (butane, propane, propylene, mixtures, etc.): 

• Are flammable 

• Are already used in domestic refrigerators and small air conditioning applications 

Water (R718): 

• Is easily obtained and does not damage the environment 

• Can only be applied at high temperatures (> 100°C) 

• Has a low density in its gaseous state, meaning that a relatively high compressor capacity 

becomes necessary  

Synthetic refrigerants 

Tetrafluorethan (R134a):  

• Is used for medium-sized to large heat pump systems 

• Has a higher efficiency than R407c and R410a  

• Has a lower efficiency than NH3  

• Is low pressure 

• Has a high volume needing to be swept by the compressor → higher investments are 

needed for installation 

R407c and R410a:  

• Is used for small to medium-sized heat pump systems  

• Is used in installations that provide the dual function of air conditioning and heating 

• R410a is supercritical above a temperature of 71°C 

• R410a is applied in low temperature heat pump systems 
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6.2 The global warming potential (GWP) of refrigerant fluids 

Learning objectives: Upon completion of this page, you should be able to: 

• Name the global warming potential of different types of refrigerant fluids 

Global warming potential (or, GWP) compares the global warming impacts of different gases. It is a 

measure of how much heat the emissions of 1 tonne of a gas will trap in the atmosphere over a given 

period of time, relative to the emissions of 1 tonne of carbon dioxide (CO2). The larger the GWP, the 

more a given gas warms the Earth, compared to equivalent CO2 emissions over the same time period. 

The time period usually used for GWP is 100 years. 

The following two tables show the global warming potential of different refrigerants. The GDP is within 

the range of O GDP to 4,430 GDP, in kg CO2 equivalent, per kg refrigerant. 

 

Refrigerant GWP 

Water (R718) 0 

Ammonia (R717) 0 

Carbon dioxide 

(R744) 

1 

Propane (R290) 3.3 

HFC 134a 1.3 

HFC 404A 3.26 

 

Table 6: The GWP of common natural refrigerants, in kg of CO2 equivalent, per kg of refrigerant. 

(Source: GIZ, 2008) 

 

Refrigerant GWP 

R32 675 

R1234a 4,430 

R404A 3,922 

R407C 1,744 

R410A 2,088 

 

Table 7: The GWP of common synthetic refrigerants, in kg of CO2 equivalent, per kg of refrigerant 

(Source: GIZ, 2008) 
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6.3 Recovering/recycling/environmentally friendly disposal 

Learning objectives: Upon completion of this page, you should be able to: 

• Recognize which refrigerant fluids are currently allowed and which fluids substitute the 

current ones when they are no longer allowed  

The EU F-Gas Regulation - refrigeration, air-conditioning and heat pump contractors [29]   

A major EU Parliament goal in the coming years is to reduce greenhouse gas emissions in the EU states 

significantly.  The most important group of substances covered by the F-Gas Regulation EU 517/2014 

are synthetic refrigerants. These include R134a, R404A, R407C and R410A, which are used in 

refrigeration, air conditioning and heat pump equipment and systems. In contrast, the regulation does 

not apply to natural refrigerants, such as CO2, propane, butane and ammonia, nor to recycled 

refrigerants.   

Bans and restrictions, as of 2020: 

• The prohibition of heat pumps using refrigerants, GWP > 2500, e.g. R404A (GWP = 3922) 

• This prohibition does not apply to recycled refrigerants, which may continue to be used 

until the end of 2029, without restrictions during maintenance and service work on existing 

systems 

• [The climatic refrigerants R134a (GWP = 1430) and R410A (GWP = 2088) are not affected] 

Prohibitions as of 2025: 

• Mono-split air conditioners and heat pumps containing less than 3 kg refrigerant charge 

but not containing refrigerants with GWP > 750 

Reconditioning and recycling [30]: 

Procedure: 

• The quality of reconditioning corresponds to the new product  

• Material recycling: thermal decomposition of the molecules into hydrofluoric and 

hydrochloric acid, which are available for other chemical processes  

• Possible refrigerants: R-134a, R-404A, R-407A, R-407C, R-407F, R-407H, R-410A, R-422A,  

R-422D and R-507 

→ By reprocessing or splitting all refrigerants can be recycled, and thus waste disposal can be 

completely dispensed with.  

→ Prerequisite: no flammable refrigerants, the refrigerant to be processed should be 99% pure. 
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Figure 30: Processing of used refrigerant. (Source: Westfalen AG, 2019) 

 

6.4 Chapter endnotes 

[27] Industrial Heat Pumps Initiative by De Kleijn Energy Consultants & Engineers, The 

Netherlands: http://industrialheatpumps.nl 

[28] PROKLIMA is a programme of the Deutsche Gesellschaft für Technische Zusammenarbeit 

GmbH (GTZ) (2008): Natural Refrigerants Sustainable Ozone- and Climate-Friendly 

Alternatives to HCFCs. 

[29] Günther, M., ,Die neue F-Gase-Verordnung – Ziele, Inhalte, Konsequenzen Synthetische 

Kältemittel werden künftig knapper und teurer‘, BTGA-Almanach, (2015), Seiten 92-94. 

[30] Westfalen AG: https://westfalen.com 
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7 Summary of the course 

7.1 Summary 

In this course, the participant gains a complete overview of the operating principles for heat pumps 

used for cooling and heating, their possible applications, and their environmental impact. The 

participant also gains knowledge of refrigerant recycling and cost considerations. The participant 

should be able to describe and design a heat pump - in theory, as well as in practice. It should be 

possible for the participant to select a suitable heat pump for their own particular application and 

climatic conditions. With the help of cost calculation and the comparison of environmental impacts, it 

should be possible for the participant to choose the best heat pump for their needs. 

In the outline of the EU F-Gas Regulations, the participant has also been made aware that the use of 

certain refrigerants will not be permitted in future. In addition, the participant has learnt how the 

recycling of refrigerants will become more important in future, and that this is therefore a crucial 

consideration when selecting a heat pump. 

Future trends show further growth in the heat pump market (see below). The market leaders are air 

source heat pumps, which are primarily used in East Asia (Fact.MR, 2019). The heat pump industry is 

influenced by the continuous improvement of electricity generation from renewable energies and the 

research of future heat pump implementations in the field of sector coupling. According to initial 

forecasts, the heat pump market is expected to grow by around 12% by 2029. The introduction of 

environmentally friendly alternatives to conventional heaters, in order to reduce CO2 emissions, also 

favours the use of heat pumps. The increasing implementation of stringent guidelines to limit 

greenhouse gas emissions (such as the EU F-gas regulations) around the world is likely to create new 

growth opportunities for heat pump manufacturers. 

 

Figure 31: The global heat pump market (Source: Fact. MR, 2019) 
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7.2 References (cited) 
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Potential for Renewable Energy Storage Systems on Small Islands, Energy Procedia, Volume 46, 2014, 
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7.3 Further reading (recommendations) 

 

1. British Petroleum, ‘BP Statistical Review of World Energy’, 64th edition, (June 2015), available at 

www.bp.com/statisticalreview : 

- A good set of data on the reserves, production rate, prices and trading of different resources, 

such as oil, natural gas and coal; it also contains consumption data on nuclear power, hydro 

power, and renewable energy electricity.  

- Updated annually, it covers many countries. 

2. EEA Report No 21/2018; Fluorinated greenhouse gases 2018 - Data reported by companies on the 

production, import, export and destruction of fluorinated greenhouse gases in the European 

Union, 2007-2017; ISSN 1977-8449. 

3. European heat pump association, ‘Information about European heat pump market, emissions, 

technologies etc.’: https://www.ehpa.org/market-data/ 

4. „The IEA examines the full spectrum of energy issues including oil, gas and coal supply and demand, 

renewable energy technologies, electricity markets, energy efficiency, access to energy, demand 

side management and much more“: https://www.iea.org/tcp/hpt/ 

5. Australian Alliance for Energy Productivity (A2EP), ‘HIGH TEMPERATURE HEAT PUMPS for the 

Australian food industry: Opportunities assessment’ (August 2017):  

- Further examples of industrial heat pumps 

6. Directive 2010/30/EU of the European Parliament and Council on the indication (by labelling and 

providing standard product information) of the consumption of energy, and other resources, by 

energy-related products. 

7. Regulation (EU)2016/2281, with regard to eco-design requirements for air heating products, 

cooling products, high temperature process chillers, and fan coil units. 

 

  

http://www.bp.com/statisticalreview
https://www.ehpa.org/market-data/
https://www.iea.org/tcp/hpt/


 

Heat pumps for heating and cooling – technology and applications Page 56 of 59 
09/03/2020 

8 Additional glossary terms 

 

Term 

(can be left 

blank in the 

case of an 

abbreviation) 

Abbreviation 

(if applicable) 

Definition Source 

Air-based 

distribution 

system 

 The heat distribution system using air to 

distribute the heat/cooling in the house – 

blown or forced air through ducts or grilles or 

wall hung a/c units. 

https://www.ehpa.org/tec

hnology/glossary 

Air source 

(mono-bloc) 

 Heat pump unit with the refrigeration cycle 

contained within one unit 'monobloc' which 

is then connected by piping to the heat 

distribution system. No refrigerant flows 

outside of the monobloc casing – just water, 

making installation possible by a plumber. 

https://www.ehpa.org/tec

hnology/glossary 

Air source (bi-

bloc or split)  

 Heat pump unit with the entire refrigeration 

cycle being 'split' between separate outdoor 

and indoor units – which are connected using 

piping filled with refrigerant. Installation 

requires a refrigerant engineer 

https://www.ehpa.org/tec

hnology/glossary 

Air-to-water 

heat pump  

ASHP Uses heat from the ambient air, they may be 

monobloc units or split. Air/water systems 

are always connected to a hydronic heat 

distribution by definition. 

https://www.ehpa.org/tec

hnology/glossary 

Air-to-air / 

Reversible  

AAHP Air-to-air heat pumps use air for both the heat 

source and the heat sink. They are either 

developed from traditional air-conditioners 

extended to provide also heating 

functionality or they are optimized for 

heating and can then also be used for cooling. 

They are always split systems with a separate 

outdoor and indoor unit connected by pipes 

containing refrigerant. Generally these 

systems have to be installed by qualified 

refrigeration engineers and are sold through 

a cooling/refrigeration channel. 

https://www.ehpa.org/tec

hnology/glossary 

Coefficient of 

Performance  

COP The COP is the ratio of useful heat produced 

to drive energy of the heat pump. 

https://www.ehpa.org/tec

hnology/glossary 



 

Heat pumps for heating and cooling – technology and applications Page 57 of 59 
09/03/2020 

Compressor 

(Fixed speed)  

 A compressor that can only run with one 

speed and thus constant capacity. To vary the 

capacity over time, the compressor is 

switched on or off (on-off operation). 

https://www.ehpa.org/tec

hnology/glossary 

Compressor 

(variable/modu

lating speed)  

 The compressor speed can be controlled 

(varied) to change the heating capacity of the 

system. The main types used are inverter 

compressors, digital scroll compressors and 

multiple compressors. 

https://www.ehpa.org/tec

hnology/glossary 

Inverter 

compressors  

 controls the speed by changing the frequency 

of the power input. 

https://www.ehpa.org/tec

hnology/glossary 

Digital scroll 

compressors 

 technology operates on the principle of 

loading and unloading of scrolls i.e. the scrolls 

are engaged and disengaged periodically to 

get durations of “full capacity” and “no 

capacity”. Time average of the loading and 

unloading state results in variable capacity 

output to vary the compressor speed. 

https://www.ehpa.org/tec

hnology/glossary 

multiple 

compressors  

 can be used in to provide extended variable 

output. A stepwise capacity variation can be 

achieved by starting/stopping additional 

compressors. 

https://www.ehpa.org/tec

hnology/glossary 

Exhaust air 

heat pump  

 Exhaust air heat pumps use energy from 

indoor air to provide heating, sanitary hot 

water. They can either use indoor air or be 

connected to a forced ventilation system. 

Most often, these systems are used for 

sanitary hot water preparation, not heating, 

due to limited heating capacity, but 

increasingly being marketed as a heating 

solution. 

https://www.ehpa.org/tec

hnology/glossary 

Ground-to-x 

heat pump, 

geothermal 

heat pump 

(closed loop)  

GSHP Uses heat from the ground, either via drillings 

(vertical) or via horizontal collector. Either 

pure water or brine (water-glycol mixture) is 

circulated in the heat exchanger. Naming 

variation depend on the medium used for 

energy dissemination including ground-to-

water, or ground-to-air heat pumps. Direct 

expansion systems (DX) circulate a refrigerant 

in the collector. Direct expansion-water units 

use a hydronic heat distribution system. 

https://www.ehpa.org/tec

hnology/glossary 
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Hydronic 

(water based) 

distribution 

system  

 The heat distribution system is water based – 

e.g. the heat pump is connected to radiators, 

underfloor heating, fan convectors/fan coils. 

https://www.ehpa.org/tec

hnology/glossary 

Sanitary hot 

water heat 

pump  

SHW Sanitary hot water heat pumps use mostly air 

to produce hot water (up to 65°C). They can 

use indoor or outdoor air to achieve this 

purpose. They are either built as compact 

units with an integrated tank or they are 

connected to an external hot water tank. 

https://www.ehpa.org/tec

hnology/glossary 

Seasonal 

Performance 

Factor (SPF)  

 The SPF is the average COP taken over a 

heating season. 

https://www.ehpa.org/tec

hnology/glossary 

Thermally 

driven heat 

pump  

 Heat pumps that come in different variations 

using gas as auxiliary energy. They can either 

use gas to run a gas motor (gas motor driven) 

and operate as conventional compression 

unit. They can also use a thermal process 

(adsorbtion or absorbtion) as an alternative 

to mechanical compression. 

https://www.ehpa.org/tec

hnology/glossary 

VRF systems 

(multi-split)  

 Air conditioning heating and cooling 

technology. One outdoor unit (condenser) 

connected to multiple indoor units, all of 

which may operate independently, i.e. 

providing heating and/or cooling at the same 

time. VRF systems are a more sophisticated 

version of the minisplit HVAC system used 

throughout the world. They distribute the 

refrigerant instead of piping hot water and 

chilled water to each fan coil unit (FCU) or air 

handling unit (AHU). By supplying different 

amounts of refrigerant to evaporators, the 

systems may provide simultaneous heating 

and cooling 

https://www.ehpa.org/tec

hnology/glossary 

Water-to-water 

heat pump 

(open loop)  

WHSP Uses heat from a water source such as a well. 

Typically water is pumped from the source in 

an open system through the heat exchanger 

and returned to the source. In case of water-

to-water heat pumps, they are often 

monobloc units with hydronic distribution. In 

case of water-to-air heat pumps, air is used as 

the heat distribution medium 

https://www.ehpa.org/tec

hnology/glossary 
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