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Abstract 

 

ABSTRACT 

In the residential sector in Europe the main part of the final energy consumption is spent on 

space heating.  Additionally, not even one quarter of the total energy used for heating and 

cooling in the EU comes from renewable sources. Therefore, the reduction of the emissions 

for heating has the greatest influence on the decarbonization of the residential sector which 

is important for achieving national and international climate goals. 

One way to address these issue is the application of heat pumps. With increasing use of 

renewables in electricity generation heat pumps become a key technology for the 

decarbonization of the energy system. Since there are different technologies depending on 

the type of energy source (air, water, ground) and distribution (water, air) HPs offer a variety 

of combinations. The aim of this thesis is to evaluate the total cost of ownership for providing 

space heating and cooling as well as domestic hot water using different heat pump 

technologies for typical residential end users in EU27+UK, Iceland, Switzerland, and Norway.  

Therefore, a methodology is established that allows the calculation of the capital expenditure 

as well as the operating expenditure. For this purpose the cost structure for heat pumps is 

identified. A literature research is performed on heat pump technologies, building information 

(heating and cooling demand, U-Values) as well as consumer behavior (space per person, 

domestic hot water demand) and economic values (labour cost, electricity price). In the 

following step the collected data is used to design a calculation tool for evaluating end users’ 

costs.  

A comparison of the annual cost of ownership is made for different heat pump types, different 

European countries and different end user types for providing heating and cooling services 

and the influencing parameters are analyzed. The results show a wide variation of the 

influencing factors for different countries. Those can be split into technology specific, building 

specific, end user specific, and country specific factors. In general it can be said that the energy 

cost for heating accounts for the biggest part of the annual cost of ownership. Despite their 

high Capex, Ground/Water heat pumps tend to cause the lowest annual cost. 
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Kurzfassung 

 

KURZFASSUNG 

Der Großteil des Endenergieverbrauchs im europäischen Wohnungssektor wird für die 

Beheizung des Wohnraumes verbraucht. Zudem stammt nicht einmal ein Viertel der gesamten 

Energie, die in der EU zum Heizen und Kühlen verwendet wird, aus erneuerbaren Quellen. Die 

Reduktion der Emissionen für das Heizen hat den größten Einfluss auf die Dekarbonisierung 

im Wohnsektors und stellt einen wichtigen Faktor für die Erreichung nationaler und 

internationaler Klimaziele dar. 

Eine mögliche Lösung dieses Problems, ist der Einsatz von Wärmepumpen. Mit zunehmendem 

Einsatz erneuerbarer Energien in der Stromerzeugung werden Wärmepumpen zu einer 

Schlüsseltechnologie für die Dekarbonisierung des Energiesystems. Da es je nach Art der 

Energiequelle (Luft, Wasser, Erdreich) und Verteilung (Wasser, Luft) unterschiedliche 

Technologien gibt, bieten WP eine Vielzahl an Kombinationen. Ziel dieser Arbeit ist es, die 

Gesamtkosten für die Bereitstellung von Raumwärme und -kälte sowie Warmwasser unter 

Verwendung verschiedener Wärmepumpentechnologien für typische private Endverbraucher 

in der EU27+Großbritannien, Island, der Schweiz und Norwegen zu untersuchen. 

Dafür wird eine Methodik etabliert, die sowohl die Berechnung der Investitionsausgaben als 

auch der Betriebsausgaben ermöglicht. Hierzu wird die Kostenstruktur für Wärmepumpen 

identifiziert. Es erfolgt eine Literaturrecherche zu Wärmepumpentechnologien, 

Gebäudeinformationen (Heiz- und Kühlbedarf, U-Werte) sowie dem Verbraucherverhalten 

(Flächenbedarf, Warmwasserbedarf) und wirtschaftlichen Werten (Arbeitskosten, 

Strompreise). Im folgenden Schritt werden die gesammelten Daten verwendet, um ein 

Berechnungstool zur Bewertung der Kosten für Endbenutzer zu entwerfen. 

Die jährlichen Kosten für verschiedene Wärmepumpentypen, in verschiedenen Ländern und 

für verschiedene Endverbrauchertypen werden verglichen und die Einflussparameter 

analysiert. Die Ergebnisse zeigen eine große Variation der Einflussfaktoren in verschiedenen 

Länder. Diese können in technologiespezifische, gebäudespezifische, endbenutzerspezifische 

und länderspezifische Faktoren unterteilt werden. Generell lässt sich sagen, dass die 

Energiekosten im Heizbetrieb den größten Anteil der jährlichen Gesamtkosten ausmachen. 

Trotz ihrer hohen Investitionskosten verursachen Erdwärmepumpen tendenziell die 

niedrigsten jährlichen Kosten. 
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1 INTRODUCTION 

More than 75% of the greenhouse gas emissions in the EU are caused by the generation and 

use of energy [1]. In the residential sector in Europe, the main part of the final energy 

consumption is spent on space heating. Furthermore, due to the climate change and the 

thereby rising temperatures, the need for cooling in residential buildings is expected to be 

increasing. 

Climate goals were set in order to reduce the emissions and national and international climate 

agreements were established. The European Green Deal from 2020, which was revised in the 

Fit for 55 package in 2021, defines the goals of the European Union (EU) .The Austrian National 

Energy and Climate Plan (NEKP) from 2019, is the national plan of Austria to achieve the set 

goals from the Paris climate agreement.  

The most significant targets of the EU for 2030 are: 

- 55 % reduction in greenhouse gas emission compared to 1990 [2] 

- 40 % share of renewable energy [2] 

- 32,5 % improvement in energy efficiency [3] 

Furthermore, the long-time goal is to be climate-neutral by 2050 on the EU level [2] and 2040 

on a national level. 

To obtain the goals the EU´s heating and cooling system must be decarbonised. In 2020 only 

23% of the total energy used for heating and cooling in the EU was from renewable sources. 

Wherby Sweden had the greatest share with 66,4% and Ireland the least with only 6,3% [4]. 

The development of the electricity production in the EU from 2000 to 2019 reveals a gradual 

increase in the amount of energy produced by renewables and biofuels [5]. With increasing 

use of renewables in electricity generation, one way to address these issues in the residential 

sector is the exchange of existing fossil dominated heating systems with heat pumps (HP).  

1.1 Space heating and cooling in the residential sector 

Figure 1-1 shows the percentage of the final energy consumption in the EU in 2019. With a 

share of 26,3% the residential sector plays an important part in the decarbonization of the 

energy system, especially the space heating. With 63,6% it represents the main part of the 

energy consumption in households, together with the hot water generation, which needs 

14,8%. At the moment, space cooling only takes up 0,4% [6] ,but the development of the 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:European_Union_(EU)
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heating degree days (HDD) and cooling degree days (CDD) from 1979 to 2020 indicate a rising 

share for space cooling and a decrease of HDD caused by the progressive climate change [7].  

1.2 Cost of different heating technologies 

Figure 1-2 shows the comparison of the levelized cost of heating (LCOH) for 8 different heating 

technologies in France. The costs are separated in Capex (Capital expenditure) and Opex 

(Operational expenditure). Table 1-1 compares the technologies with the highest and lowest 

LCOH in six European countries. The different fuel cost of the four fuels, electricity, pellets, oil 

and gas is one reason for the different results in the countries. For example, in Germany, 

where air-air HPs have the highest and oil condensing boilers the lowest LCOH, the end price 

for electricity (333,91 USD/MWh) is approximately five times higher than the end price for oil 

(65,09 USD/MWh). In comparison to Sweden where oil condensing boilers have the highest 

LCOH and ground-source heat pump the lowest, the difference in the end price for oil (140 

USD/MWh) and electricity (195,14 USD/MWh) is less big [8]. 

Table 1-1: Comparison of the technologies with the highest and lowest LCOH of six different European 

countries [8] 

Country Highest LCOH Lowest LCOH 

Denmark Oil condensing boiler Pellet Stove 

France Pellet boiler (automated feed) Ground-source heat pump 

Germany Air-air heat pump Oil condensing boiler 

Italy Oil condensing boiler Pellet Stove 

Sweden Oil condensing boiler Ground-source heat pump 

United Kingdom Pellet boiler (automated feed) Gas condensing boiler 

Figure 1-1: left: Share of the final energy consumption in the EU and right: share of energy consumption in 

households [6] 
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Figure 1-2: Levelized cost of heating over lifetime of different technologies in France in USD/MWh [8] 
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2 TASK ASSIGNMENT  

The aim of this thesis is to evaluate the total cost of ownership for providing space heating 

and cooling as well as domestic hot water using different HP technologies for typical 

residential end users in EU27+UK, Iceland, Switzerland, and Norway. Therefore, a 

methodology has been established that allows the calculation of the total costs of ownership 

(excluding the cost for recycling), including Capital Expenditure (Capex) as well as the 

Operating Expenditure (Opex). The methodology is accounting all relevant parameters that 

influences the cost including country specific factors like the electricity price, labour cost or 

the climate conditions. The calculation is partly based on the developments within the EU 

project “Overview of Heating and Cooling: Perceptions, Markets and Regulatory Frameworks 

for Decarbonisation” [9], which is described in chapter 3.1. 

The thesis has been organized in the following way:  

• Chapter 3 contains the state of the art of this topic, including a description of the 

project the thesis is partly built on, and a literature research on heat pump (HP) 

technologies, as well as existing cost calculators. The project tool is designed to 

compare the cost of ownership of two different heating and cooling technologies, HPs 

and district heating and cooling (DHC) and  takes different consumer and building types 

under consideration, which are described in subchapter 3.1. A short explanation of the 

principle of operation of a HP, as well as different types and efficiency parameters is 

given in subchapter 3.2. At the end of this chapter some national and international 

heat cost calculators are listed and compared to this work. In the following step the 

collected data is used to design a calculation method for evaluating the annual total 

cost of ownership for HP applications.  

• In chapter 4 the cost structure of heat pumps is identified and explained and the 

calculation method for HPs is described including a table of sources for the data sets 

used in the tool. The result of this thesis is a comparison of the Capex and Opex of HPs 

for providing heating and cooling services for different European countries and end 

user types.  

• In chapter 5, calculation scenarios are described to compare the costs of different 

consumer and building types, as well as country clusters. The results are analysed and 

the influencing factors are identified. 

• Finally, the last chapter 6 sums up the main findings and gives an outlook. 

  



 

PAGE | 5 

3 THEORETICAL BACKGROUND  

This chapter gives an overview of the project on which the thesis is partly based on, as well as 

the project tool. In subchapter 3.2 the basics of the operation of HPs, different types and their 

efficiency is explained. Additionally, in subchapter 3.3 an overview of existing heat cost 

calculators is given.  

3.1 Project Tool  

Within the project “Overview of Heating and Cooling: Perceptions, Markets and Regulatory 

Frameworks for Decarbonisation” [9] a tool for calculating the cost of heating and cooling for 

HPs and DHC of the EU 27 + UK, Norway, Switzerland, and Iceland has been developed and 

this thesis is partly based on this tool. The HP calculation method is described in chapter 4. 

Figure 3-1 shows the connection between the project tool and the HP calculation method. The 

project tool gives input data to the HP part such as the consumer and the building information. 

The HP tool then calculates the Opex, Capex and annual total cost of ownership for different 

types of HPs. The output data from the HP tool is transferred back to the main tool, where the 

costs are compared with the cost of DHC.  

 

 

 

 

 

 

 

 

The following chapters describe the data form the project tool which is relevant for the HP 

tool. 

3.1.1 Clusters of countries 

The calculation tool is able to calculate the cost for 11 different countries, which requires a 

big amount of background data for each country. Due to the fact, that not all of the necessary 

data is available for all countries, clusters of similar countries were determined to fill in missing 

data. The five clusters conjoin countries with similar climate characteristics and are shown in 

Figure 3-2. 

Project Tool HP Tool 

Consumer and Building 

Information, Country 

Cluster 

Opex and Capex for 

heating and cooling 

Figure 3-1: Connection between the project tool and the HP calculation method 
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Figure 3-2: Clusters of countries 

3.1.2 Consumer information 

The different construction types of buildings as well as the consumers way of living can have 

an influence on their energy consumption. Hence, the tool takes different building types and 

consumers characteristics into account. Table 3-1 lists the information relevant for the 

following calculations.  

Table 3-1: Building information 

Characteristics Sub-Categories 

Building Density City, Suburb, Rural 

Building Type  Single Family House (SFH), Terraced House (TH), Multi Family 
House (MFH), Apartment Block (AB) 

Construction Period <1945, 1945-1969, 1970-1979, 1980-1989, 1990-1999, 2000-
2010, >2010 

Renovation Status Advanced Refurbishment, Usual Refurbishment,  
No Refurbishment 

Household Size 1 Person, 2 Persons, 3 Persons, 4 Persons, 5 Persons, 6+ Persons 

Tenure Status Owner, Tenant 

 

With all these different characteristics four typical consumers for each of the five clusters and 

for the EU27+4 have been developed based on correlation of the characteristics. Table 5-1 of 

chapter 5 shows the four different typical consumers of the countries of EU27+4. 
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Table 8-1 contains the unit and source of all the used consumer and building data for the 

typical consumers. The main source is Eurostat, which is the statistical office of the European 

Union [10]. 

3.1.3 Subsidies 

Due to the fact, that the cost of fossil technology is still lower than renewable options (see 

chapter 1.2), many countries provide subsidies for HP technologies, which can reduce the 

annual cost. These can be loans, tax reduction, grants or feed-in tariffs [11]. 

To this point no subsidies or special HP tariffs for electricity are considered in the calculation. 

The tool only gives a suggestion about which subsidies could be offered in the selected 

countries. This decision was made because of the high fluctuation of such offers.  

3.1.4 Input data 

In order to start a calculation in the tool, the minimum input data of the user is the country 

and the purpose of the system (heating or heating and cooling). Either one of the four typical 

consumers can be chosen, or a customized consumer can be created for whom the 

characteristics can be selected. The rest of the necessary data for the cost calculation is either 

filled in based on statistic values or optional input data of the user.  

Optional input data of the user: 

- Size of the dwelling 

- Size of the building 

- Number of dwelling units in 

building 

- Capacity of heating system 

- Specific energy demand for space 

heating 

- Capacity of the cooling system  

- Specific energy demand for space 

cooling 

- Share of the floor space for cooling 

- Option to include DHW  

- DHW demand per person 

- DHW capacity 

- Type of HP 

3.1.5 Output data 

The output of the tool is the annualised Opex and the Capex, as well as the total annual cost 

of ownership for heating and cooling including taxes. It considers different types of HPs, as 

well as DHC and gives an overview of possible subsidies for the selected country. 

3.2 Heat pump properties  

The following chapter describes the function of heat pumps for providing heating and cooling 

services as well as different HP types and efficiency values. 
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3.2.1 Principle of operation 

Figure 3-3 shows the operation scheme of a reversible heat pump in heating and cooling mode 

which consists of a source, a sink and the heat pump system itself. The operation of a heat 

pump consists of four steps. 

- In the evaporator the energy of the source is absorbed by the refrigerant. The 

refrigerant enters the evaporator as a low-temperature liquid and leaves it as a low-

temperature vapor. 

- The compressor raises the pressure of the vapor which causes the temperature to rise 

too. 

- The condenser is a high-temperature heat exchanger in which the refrigerant transfers 

the heat to the sink. Due to the cooling process the refrigerant condenses. 

- To close the circle the expansion valve reduces the pressure which causes the 

temperature to drop. [12] 

 

Figure 3-3: Operation of a reversible Air/Air HP in cooling (top) and heating (bottom) mode [13] 

3.2.2 Types of heat pumps 

Heat pumps can differ in the type of source and sink they use. Figure 3-4 shows 4 different 

types of HPs. The three sources used are air, water and the ground. Air sourced heat pumps 
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can use the energy of outside-air or exhaust-air. They can be installed as mono-block HPs, 

which are entirely inside or outside of the building, or split systems that consists of one unit 

inside and one unit outside of the building. The energy in ground, surface or sea water can be 

used by water sourced HPs. Ground water can be made accessible by two drillings. One is used 

as source and one to reinject the used water into the ground. Ground sourced HPs use the 

energy that is stored in the ground. [14]  

HP can also differ in their operating mode. They can be designed for only heating purposes, 

only cooling purposes or reversible (cooling and heating).  

Some different HP systems are explained in the following paragraph: 

- Air/Air HPs use air as source and as sink and can be reversible, which means they can 

be used for heating and cooling. They are either optimized for air-conditioning and 

extended for heating purpose or are optimized for heating and are additionally able to 

cool. 

- Air/Water HPs are mainly used for DHW and can use outdoor or indoor air as an energy 

source. 

- Water/Water HPs use water as a source and sink.  

- Ground/Water HPs use the consistent temperature level of the ground. The ground 

can be used with vertical drills or with horizontal collectors [14]. 

3.2.3 Efficiency 

The efficiency of heating and cooling systems has a great impact on the Opex. Due to the 

construction of HPs they not only use electricity, but also air, water or the ground as energy 

source which leads to a heating efficiency greater than 100 % related to the electricity used.  

The efficiency of HPs is represented by two figures. The coefficient of performance (COP) is 

calculated by using the equation (3-1) and is defined as the ratio between the useful heat 

transfer 𝑃𝐻𝑃,ℎ  for heating and the required drive energy 𝑃𝑒𝑙  [15]. For cooling and air 

Figure 3-4: From left to right: outside-air HP, water/water HP, vertical drilling ground HP and horizontal 

collector ground HP [14] 
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conditioning the energy efficient ratio (EER) is defined in as the ration between the cooling 

capacity and the required drive energy 𝑃𝑒𝑙 (see equation (3-2)) [16].  

𝐶𝑂𝑃 =
𝑃𝐻𝑃,ℎ

𝑃𝑒𝑙
  [15] (3-1) 

𝐸𝐸𝑅 =
𝑃𝐻𝑃,𝑐

𝑃𝑒𝑙
 [16] (3-2) 

The seasonal coefficient of performance (SCOP) for heating and the seasonal energy efficiency 

ratio (SEER) for cooling purposes describe the average COP or EER during a heating or cooling 

season. The efficiency of a HP can be affected by the design of the HP technology, the climate, 

the temperature of the source , the size and the control system of the HP. [15] 

3.3 Overview of existing heat cost calculators  

Table 3-2 gives an overview of three different heat cost calculators. It shows the costs they 

calculate and for which countries and technologies as well as their source. The IEA calculator 

applies to six European countries and Canada, while the heizkostenrechner.com applies only 

for the German speaking area and the EA only for Austria. 

Table 3-2: Heat cost calculators with their calculation details 

Calculator Cost Countries Technologies Source 

International Energy 
Agency (IEA) 

Fuel price, LCOH, 
Fixed O&M 

France, Germany, 
Denmark, UK, Italy, 
Sweden, Canada 

HP (Ground and air 
sourced), Pellets, Oil, 
Gas 

[8] 

Austrian Energy 
Agency EA 

Yearly cost, Capex, 
Installation cost, 
Fuel cost, Fixed 
O&M 

 

Austria DH, Gas, Oil, Wood, 
Pellets, HP (Ground 
and air sourced) 

[17] 

Heizkostenrechner 
.com 

LCOH, Yearly cost Austria, Germany 
Switzerland 

Gas, Oil, Wood, Pellets, 
HP (Ground and air 
sourced) 

[18] 

 

In contrast to existing heat cost calculators, the tool of the project “Overview of Heating and 

Cooling: Perceptions, Markets and Regulatory Frameworks for Decarbonisation” [9] allows a 

comparison of the cost in all European countries. It also defines typical consumers for different 

countries, which leads to possible further analysis of the European heating and cooling 

market.   
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4 MODEL DESCRIPTION  

The calculation tool of the project “Overview of Heating and Cooling: Perceptions, Markets 

and Regulatory Frameworks for Decarbonisation”, on which the HP cost calculation is based 

on, is described in chapter 3.1. This chapter describes the part of the calculation that concerns 

the HP. 

4.1 Total cost of ownership – cost structure  

For the purpose of establishing a method for calculating the total cost of ownership for HPs a 

cost structure has been developed, shown in Figure 4-1.  The structure applies to both, heating 

and cooling systems. The figure describes the path of the cost calculation, starting with the 

input data of buildings and consumers and ending with the annual cost of ownership for 

heating and cooling in euro per year. The following data is needed for the calculation : 

- heating demand (chapter 4.2.1) 

- cooling demand (chapter 4.2.2) 

- needed capacity for heating (chapter 4.2.3) 

- needed capacity for cooling (chapter 4.2.4) 

- efficiency of the HP  

- cost of electricity 

- cost of labour 

- investment cost 

- cost of maintenance 

- lifetime of the system (chapter 4.2.6.1) 

- standard and electricity value added tax (VAT)  

- rate of interest (chapter 4.2.6.2)  

The result is the sum of the annualized cost for the investment and the yearly cost of running 

and maintenance, which results in the annual cost of ownership for heating and cooling.  
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Figure 4-1: Cost structure for the calculation of the cost of ownership of HPs 

4.2 Heat pump calculation method  

This chapter gives a detailed description of the calculation of the total cost of ownership and 

the needed input data. The HP tool considers three different types of HPs: Air/Air, Air/Water 

and Ground/Water and considers space heating and cooling, as well as DHW. The costs of the 

Ground/Water HP is for a horizontal HP. In case of a vertical one, an additional investment 

cost has to be taken into account.  

4.2.1 Heating demand 

The heating demand is defined as the energy needed per year to heat a building. The specific 

heating demand in kWh/(m²a) of each building type was gathered from Episcope’s TABULA 

[19]. The database considers four different building types, several construction periods and 

three insulation standards for 13 European countries. The construction periods in TABULA are 

not consistent between the countries. For the tool, the periods that appeared most were 

taken. If the data from TABULA was not consistent with the data of the excel tool, e.g., the 

construction period in TABULA is 1985-1995 and 1996-2005 and the period in the excel tool is 

1990-1999, the average of the two values from TABULA is calculated. If this option is not 

possible because no data is given for a certain period, the respective cells were left blank and 
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the cluster average was taken for the calculation. For the countries and buildings that are not 

covered by TABULA, the average heating demand of the respective cluster is taken.  

To receive the annual heating demand in kWh/a, the specific heating demand has to be 

multiplied with the floor space in m². The tool suggests a value based on the selected building 

type and household size. For this, data of the floor space per capita in m² for all countries and 

two building types is used [20]. Regarding the building types the values for single family houses 

are also used for terraced houses and the values for apartment blocks are also used for multi 

family houses.  

4.2.2 Cooling demand 

The source for the specific cooling demand in kWh/(m²a) is the building stock analysis from 

the project Hotmaps [21]. It gives data for all EU27 countries + United Kingdom (UK) and the 

four different building types and all needed construction periods. The missing data is filled in 

with the cluster value for the country. Due to a lack of experience with cooling, especially in 

the residential sector of Europe, there is a lack of data in that area. This leads to a lot of 

estimated data regarding the cooling demand, the installed capacity of cooling systems as well 

as the consumer behaviour. 

In contrast to heating systems, not all of the floor space of a building needs to be cooled. 

Hence, for the calculation of the annual cooling demand in kWh/a, the suggested floor space 

is multiplied with the share of the floor space that has to be cooled in % and the specific 

cooling demand.  

4.2.3 Installed capacity for heating 

The installed heating capacity of the HP depends on the heating load needed to supply the 

building with enough energy. The space heating load is influenced by different building 

structures and climate conditions. U-values of building types and construction periods were 

collected for all construction elements of all EU27 countries +UK from the building stock 

analysis of the project Hotmaps [21]. To calculate an average U-value for the building, the 

building envelope was considered to consist of 30% wall, 20% window, 25% floor and 25% 

roof [22]. The outdoor temperature for defining the heating capacity follows the definition of 

the design outdoor temperature of the DIN EN 1283 [23].  

For the analysis, the daily maximum temperatures for the past 20 years in all considered 

countries, except Iceland, were collected from the AGRI4CAST project [24]. The data used to 

calculate the lowest temperature, which remains for at least two days in a row for ten times 

in the past 20 years . Due to the general availability, values from practical experience for the 

specific heating load in Germany for different dwelling types and construction years were used 
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[25, 26]. Table 4-1 and Table 4-2 show the used data, which was adjusted to the construction 

periods in the tool by calculating the average between two values. With the U-vales (U) of the 

countries and the outdoor temperatures of the countries (TOUT), the heating load of Germany 

(HL(G)) is varied for all countries (HL) by dividing the factors of the country through the factors 

of Germany (U(G)), TOUT(G)) (see equation 2). 

𝐻𝐿 = 𝐻𝐿(𝐺) ∗
𝑈 ∗ (𝑇𝐼𝑁 − 𝑇𝑂𝑈𝑇)

𝑈(𝐺) ∗ (𝑇𝐼𝑁 − 𝑇𝑂𝑈𝑇(𝐺))
 

(4-1) 

The design indoor temperature (TIN) is estimated with 20°C in the calculation. To be able to 

consider the renovation state of the buildings, a renovation factor has been implemented 

using the data of the heating demand. The renovation factor is given by the ratio of the heating 

demand of the not refurbished building and the heating demand of the usual or advanced 

refurbished building for the respective chosen renovation status.  

Table 4-1: Specific heating load for different construction periods [25] 

Construction Period specific heating load [W/m²] 

< 1959 180 

≥ 1959 177 

≥ 1969 163 

≥ 1978 115 

≥ 1984 99 

≥ 1995 67 

≥ 2002 45 

≥ 2009 38 

≥ 2020 10 

 

Table 4-2: Specific heating load in W/m² for different construction periods and building types [26] 

In case of a domestic hot water (DHW) supply, a separate capacity needs to be considered. 

Within the tool, a value of 0,25 kW per person has been added to the space heating load to 

consider DHW [27] . 

 

Construction Period Single Family House Terraced House Multi Family House Apartment Block 

< 1958 180 150 130 120 

1959-68 170 140 120 110 

1969-73 150 125 110 100 

1974-77 115 105 75 70 

1978-83 95 88 65 60 

1984-94 75 68 60 55 

≥ 1995 60 53 45 40 
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4.2.4 Installed capacity for cooling 

The installed capacity for cooling depends on the cooling load of the building. The data is 

gathered from the project Heat Roadmap Europe [28], for all EU27 countries +UK. Due to the 

fact that only one value per country is given, this value is considered the average value of all 

buildings of the country. It is than varied with the values of the cooling demand to consider 

the building types and construction periods by multiplying with the ratio of the respective 

cooling demand and the average of the cooling demands of the country.  

Like the cooling demand, the cooling load is multiplied with the share of floor space which 

needs to be cooled.  

4.2.5 Domestic hot water 

The DHW demand is defined as the energy needed per year to supply the residents with hot 

water. The DHW demand is calculated by relating the DHW consumption of the countries [29] 

to the population of the respective countries [30]. In general, the DHW demand is added to 

the heating demand. 

The DHW is provided by HP, except in the case of an Air/Air HP. In this case, the DHW demand 

is provided by an electric boiler. 

4.2.6 Calculation of Capex 

The main source for the Capex, that is used in the tool is the catalogue “Technology Data for 

heating installations” from Energinet [31], which is an independent public enterprise owned 

by the Danish Ministry of Climate, Energy and Utilities . It provides information on investment 

and maintenance cost of different technologies as well as the lifetime of these technologies. 

The data of the year 2020 is extracted from the catalogue and with the different capacities 

and costs, linear cost functions for each type of HP and for electric boilers has been build. In 

case the data does not fit the linear function, the HPs are split into two categories. One with 

HPs with a heating load under 100 kW and one with a heating load over 100 kW, e.g. see Figure 

4-2. With those the cost for the installed capacity can be found. In order to adapt the Capex 

for the different countries it is split into equipment cost and installation cost. The ratio 

between installation and equipment cost is also found in the Danish catalogue. 
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The equipment cost depends on the installed capacity and type of HP. Based on the sales of 

heat pumps in the year 2020 from the EHPA (European Heat Pump Association, [32]) a 

recommendation for a HP type for each country is given, i.e. most sold type of HPs.  

The calculation of the installation cost considers the different hourly labour cost from 2020 

[33] in different countries. For that, the cost is multiplied with a labour factor, which is 

determined by dividing the labour cost of the country through the labour cost of the reference 

country Denmark.  

At the end of the calculation the equipment and installation cost are summed up and the 

annualized Capex is calculated. The equation (4-2) also considers the lifetime and the rate of 

interest (𝑖) [34].  

𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝐶𝑎𝑝𝑒𝑥 =
𝑖

1−(1+𝑖)−𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 ∗ 𝐶𝑎𝑝𝑒𝑥 [34] (4-2) 

In case of a ground/water HP, a vertical heat collector would cause an additional cost of 

around 6000€ per borehole (hardware and installation) [31]. This cost is not considered in the 

calculation. 

The calculation considers an uncertainty of the Capex of ±20%. 

4.2.6.1 Lifetime 

The lifetime of the technologies describes how long the technology can be used until it has to 

be replaced and is listed in Table 4-3. It is relevant for calculating the annualized Capex (see 

equation (4-2)) . For ground source heat pumps it is considered that the heat collector has a 

longer lifetime than the heat pump as such. Therefore, for the calculation of annualized costs 

y = 437,62x + 5466,8
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Figure 4-2: Linear cost function of the Capex for Air/water HPs. Left: HPs <100 kW, Right: HPs >100 kW 
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the lifetime was doubled (from 25 to 50) and the replacement is only considered with 30% of 

the initial investment [31]. 

Table 4-3: Lifetime of different technologies [31] 

Device Lifetime [years] 

Air/Air HP 15 

Air/Water HP 20 

Ground source HP 

(since the borehole lasts longer than 25 years, its lifetime is doubled in the 

calculation) 

25 

(50) 

Electric boiler 30 

4.2.6.2 Interest rate 

The values for the interest rate are considered in the calculation of the annualized Capex. If a 

loan should be considered to cover the investment costs, a country specific interest rate is 

suggested by the Austrian National Bank for all countries of the eurozone [35]. 

4.2.7 Calculation of Opex 

The Opex is split in cost of energy (cenergy) and cost of maintenance. The maintenance cost is 

extracted from the Danish catalogue [31] and depends on the installed heating or cooling 

capacity of the HP or DHW demand in case of an electric boiler. In case of a reversible HP, the 

bigger capacity is taken. It is calculated with a linear cost function, like the Capex. For the 

calculation of the energy cost the heating/cooling demand (hdemand / cdemand ) for all types of 

buildings and countries as well as the electricity price for households (pelectricity) for each 

country and the efficiency of the HP technologies is needed. The source for the electricity price 

for households is Eurostat [36].The efficiency of the heat pump is an important parameter for 

the calculation of the energy cost. Because of the wide variation of this parameters a lower, 

average and upper value for the SCOP and SEER is considered in the calculation. The lower 

value is the average performance of installed HPs in Europe [32], the average value represents 

the minimum SCOP that is needed to receive the EHPA Quality Label [37] and the upper value 

is representing the best technologies available in the certified product directory from 

Eurovent [38]. For the SEER less data is available. The lower and upper value both represent 

technologies available in the certified product directory from Eurovent [38] and the average 

is built from these two values. Table 4-4 gives an overview of the sources used for the SCOP 

and SEER.  
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Table 4-4: Sources for the SCOP and SEER values 

 Low Estimated High 

SCOP EHPA [32] EHPA Quality Label [37] Eurovent certified 

product [38] 

SEER Eurovent certified 

product [38] 

Average value Eurovent certified 

product [38] 

 

The following formula (4-3) describes the calculation of the cost of energy for the heating 

scenario. For cooling, the same procedure is applied, except instead of the SCOP the SEER is 

used and instead of the hdemand the cdemand is used. 

𝑐𝑒𝑛𝑒𝑟𝑔𝑦 =
𝑝𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

𝑆𝐶𝑂𝑃
∗ h𝑑𝑒𝑚𝑎𝑛𝑑  

(4-3) 

For electric boilers an efficiency of 1 is estimated, therefor the cost of energy is calculated by 

multiplying the DHW demand with the electricity price for households. 

4.2.8 Taxes and annualized cost of ownership  

To calculate the annualized cost of ownership, the annualized Capex, the energy cost and the 

yearly maintenance and fixed electricity cost are summed up and are increased with the 

standard VAT (for Capex and maintenance) and the VAT for electricity (for energy costs and 

fixed electricity costs). The source of the VAT values is the European Commission [39]. The 

costs inclusive taxes (𝐶𝑡𝑎𝑥 ) are calculated as shown in formula (4-4). The VAT is given in 

percentage. 

𝐶𝑡𝑎𝑥 = 𝐶 ∗ (1 + 𝑉𝐴𝑇) (4-4) 

4.3 Data Input 

The following Table 4-5 gives an overview of the design values used in the calculation, their 

unit, a short description and their source. 
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Table 4-5: Values used for the calculation  

Data Unit Description Source 

Heating 
demand 

kWh/a per country, building type, age and 
refurbishment status, for 13 countries 

[19] 

Heating load W for Germany  [25, 26] 

Cooling 
demand 

kWh/a per building type and construction period, for 
EU27 +UK  

[21] 

Cooling load W one value per country, for EU27 +UK [28] 

Outdoor 
Temperature 

K for all countries except Iceland [24] 

Floor space 
per Capita 

m²/pers. for SFH and AB [20] 

U-Values kWh/(m²K) per country, building type and construction 
period 

[21] 

Envelope 
share 

% wall, windows, floor and roof [22] 

Electricity 
price 

€/kWh for household consumers, per country [36] 

Labour cost  €/h per country [33] 

SCOP % per heat pump technology 

Lower, average and high value 

[32, 37, 38] 

SEER % per heat pump technology 

Lower, average and higher value 

[38] 

Cost of 
maintenance  

€ for HPs and electric boilers [31] 

Capex € for HPs and electric boilers [31] 

Lifetime a for HPs and electric boilers [31] 

Interest rate % for countries of the eurozone [35] 

VAT % standard and electricity VAT per country [39] 
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5 RESULTS AND DISCUSSION 

In this chapter the results of the cost calculation for different HP technologies, typical 

customers (TCs) and countries is presented, analysed and the influencing factors are 

identified. Initially, the cost for the four European typical consumers (TC) is calculated using 

Austria as an example. Afterwards, one country of each cluster has been chosen and the cost 

for heating and cooling has been calculated for the average of the four European TCs (see 

Table 5-1) for the three considered HP types. Lastly, the influencing factors are depict for the 

available data of all EU27+4 countries.  

Table 5-1 lists the characteristics of the four European TCs for the EU27+4 countries which are 

used for the following calculations. Those are chosen in order to be able to compare the 

different countries properly since the country specific TCs vary widely between the countries.  

Table 5-1: Typical Consumers for the EU27+4 [9] 

Consumer 
Characteristics 

Typical 
Consumer 1 

Typical 
Consumer 2 

Typical 
Consumer 3 

 Typical 
Consumer 4 

Building Type Apartment 
Block 

Multi Family 
House 

Single Family 
House 

 Apartment 
Block 

Construction Period 1970-1979 1990-1999 1945-1969  1980-1989 

Renovation Status No 
Refurbishment 

Usual 
Refurbishment 

Advanced 
Refurbishmen
t 

 Usual 
Refurbishment 

Household Size 2 Persons 3 Person 4 Persons  1 Persons 

5.1 Comparing the cost for different typical consumers - on the 

example of Austria 

Figure 5-1 shows the cost for the four European TCs and the average for the preferred HP type 

(Air/Water) of Austria. The cost is spilt into six parts: the annual Capex, the energy cost for 

heating, cooling and the boiler as well as the fixed O&M cost which are split into the cost for 

maintenance and the fixed yearly energy cost. The chart also depicts the upper and lower 

values of the total cost of ownership that is considered in the calculation (see chapter 4.2.6 

and 4.2.7). Underneath the bar chart, two radar charts (Figure 5-2) give an overview on the 

main influencing factors of the four TCs and their average. 100% represents the maximum 

value of the data of all available countries in this analysis; whereby 0% equals a value of zero. 

Exceptions are listed in Table 5-2. 

 



Results and discussion 

PAGE | 21 

Table 5-2: Minimal and maximal values for the radar chart 

 0% 100% 

Building Age >2010 <1945 

Refurbishment  No Refurbishment Advanced Refurbishment 

 

 

Figure 5-1: Cost for the four different European TCs in Austria for an Air/Water HP, their average and upper 

and lower uncertainties 

 

Figure 5-2: Values for the four European TCs for Austria and their average compared to the EU maximum 

The distribution of the cost shows a clear pattern to the four TC. Because the preferred HP for 

Austria is an Air/Water HP no costs for the electric boiler are given. The major part is the 

energy cost for heating, followed by the annual Capex. The energy cost for cooling is quite 

small compared to the energy cost for heating. The reason  is the lower specific energy 
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demand for cooling in Austria. Another reason could be the share of floor space which is 

cooled. It is assumed with only 50% of the heated floor space. 

There are many factors which influence the efficiency of the HP as well as circumstances that 

have influence on the Capex. Therefore, a range for the cost is of importance. The higher the 

cost of ownership, the further the upper and lower possible cost are apart. The reason for that 

is the assumed ±20% for the Capex and the variations of the efficiency values. The latter is 

depending on the amount of energy needed and has an impact on the energy costs.  

TC1 and TC2 are both near the average values in the radar chart, and therefore have similar 

costs. In contrast TC3 and TC4 diverge a lot. Although TC4 has the highest refurbishment, the 

building age still leads to the highest specific heating demand out of the four. The high cost of 

TC4 can be mainly explained with the building type. The floor space per person in SFHs is 

higher than for the other building types. Also, due to a more open building structure the 

energy demand for heating and cooling is higher. The last reason is the high number of people 

in this scenario. 

While the factors of the radar chart of TC4 are nearly similar to TC2, the cost is way lower. The 

household size is the determining factor. It increases the total floor space and thereby also 

the needed energy demand and the necessary HP size.  

5.2  Comparing the cost for selected countries within different 

clusters  

In this subchapter, one representable country of each cluster has been picked based on the 

data available and the average cost over all four European TCs for all three considered HP 

types are calculated. The following bar and radar charts (Figure 5-3 to Figure 5-7) show the 

results. The radar chart shows country specific values instead of consumer specific ones and 

represents the average value over the four TCs. 100% equals the maximum value of all 

countries, while 0% equals zero. The building insulation is given by the U-Value of the building. 

In this case 100% equals zero and 0% the highest U-Value.  
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Figure 5-3: Average cost of ownership over the four European TCs for all three considered HP types and the building 

and country specific values for Belgium (West) 

Figure 5-4: Average cost of ownership over the four European TCs for all three considered HP types and the building 

and country specific values for Austria (Central) 

Figure 5-5:Average cost of ownership over the four European TCs for all three considered HP types and the building 

and country specific values for Sweden (North) 
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Figure 5-6: Average cost of ownership over the four European TCs for all three considered HP types and the building 

and country specific values for Hungary (East) 

Figure 5-7: Average cost of ownership over the four European TCs for all three considered HP types and the building 

and country specific values for Spain (South) 

5.2.1 Discussion on the comparison of HP technologies 

Except for Hungary, the cost of ownership for an Air/Air HP is always the highest and the one 

for the Ground/Water HP the lowest. The reason for that can be the high rate of interest in 

Hungary which influences the annual Capex. Although the Capex of an Air/Air HP is very low, 

the additional Capex for the DHW boiler leads to a rise, but it still remains the lowest. The 

main reason for the high costs is the energy cost for providing DHW. This is caused by the 

lower efficiency of the electric boiler in comparison to HPs. The energy demand for heating is 

lower, because it does not contain the DHW demand in this case. 

In case of Ground/Water HPs, there are no energy costs for cooling because this HP only 

provides free cooling with no additional electricity costs. Due to the high efficiency, this HP 
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has the lowest energy cost for heating and DHW, but also the highest Capex. This can be 

caused by the more complicated process of installing and higher equipment cost. However, it 

still remains the cheapest option. Hungary is an exception and this can be explained by the 

high interest rate. 

5.2.2 Discussion on the comparison of countries  

The charts of the countries are arranged form the highest to the lowest cost of ownership. It 

is noticeable, that Belgium has the highest cost. This can be explained by the significantly 

higher values for the electricity price and the labour cost compared to the other countries as 

well as a high floor space per person. 

The factors for Austria and Sweden look quite similar but the higher interest rate, cooling 

demand and electricity price lead to higher cost in Austria. Even though Sweden would be 

expected to have a higher heating demand, the better building insulation brings it to a nearly 

the same demand as in Austria.  

Hungary and Spain have the lowest costs. In comparison to Sweden, Hungary has higher 

Capex. The reason for that is the interest rate, which is three times higher than in Sweden. 

Even though the energy demands in Sweden and Hungary are close to each other, the 

electricity price in Sweden is nearly double as high as in Hungary which leads to much higher 

energy costs. The fixed O&M cost is higher in Sweden, since compared to Hungary, higher 

capacity HPs are installed due to a higher heating load. 

Spain has the lowest values for the DHW and space heating demand. Although the need for 

cooling in Hungary and Spain is similar, the higher price for electricity in Spain leads to 

significantly higher cooling costs compared to Hungary. 

5.3 Comparison of different efficiencies 

Figure 5-8 shows the upper, average and lower values for the SCOP and SEER for the three 

considered HP types. Due to free cooling in case of Ground/Water HPs, no SEER values are 

specified. The SCOP and SEER have a direct influence on the energy cost for heating and 

cooling services. 

The efficiency values should be viewed critically; hence, a wide range of the values is chosen. 

There are a lot of influences on the performance of a HP, such as the climate conditions and 

the requirements regarding the temperature level. As mentioned in chapter 3.2, reversible 

HPs are either optimized for cooling and extended for heating purpose or are optimized for 

heating and are additionally able to cool. It should be taken into account, that the tool takes 

both, the highest SCOP and SEER, in case of the upper value and the two lowest efficiencies 

for the lower value, into account for the calculation of heating and cooling services. 
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Looking at the average values, which are minimal values to achieve the quality certificate of 

the EHPA [37], and the low values of the SCOP, the Ground/Water HP is the most efficient, 

while the Air/Air HP has the lowest values. Nevertheless, the efficiency of new Air/Air HPs can 

be higher according to Eurovent [38]. In case of cooling the Air/Air HP has the best efficiency 

values.  

In comparison to HPs, electric boilers cause much higher energy costs due to an efficiency 

lower than 1.    

Figure 5-8: Values for the SCOP and SEER of different HP types [32, 37, 38] 

5.4 Comparison of the heating and cooling needs 

 The heating and cooling demands have an influence on the yearly energy costs. Table 5-3 

shows the available data for the specific heating and cooling demand in kWh/(m²a) for the 

EU27+4 from TABULA [19]. For the heating demand the average over the building types and 

refurbishment statuses has been built for all construction periods. Since there are only 

average values for cooling from the project hotmaps [21], only one value is shown per country. 

Table 5-4 shows the U-Vales of different construction periods for the EU27+4 in W/(m²K) 

which are generated with data from the project hotmaps [21] . The values for each, U-values 

and heating and cooling demand, are coloured by a scale, whereby dark indicates a relatively 

high demand/U-value and a lighter colour a relatively low value.  
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Table 5-3: Average specific heating demand over different building types and refurbishment statuses for 

different construction periods and average cooling demand, both in kWh/(m²a)  for the EU27+4 + average 

values for each cluster [19, 21] 

 

For the heating demand the data of 12 countries is not available and filled in by the average 

value for the respective country clusters, which can lead to incorrect demands. Over all, the 

demand decreases the later the building was constructed. In some countries the demand of 

the construction years 1945-1969 are lower than the demand of buildings built before 1945. 

A possible reason for that can be the lack of building materials in the post-war period, which 

leads to less insulation of the building. This can also be seen in Table 5-4 where the U-values 

are also higher during that period.  

The U-values reveal how buildings are constructed in different countries. While the northern 

buildings of Finland and Sweden already had U-values underneath 1 W/(m²K) before 1945,  

cooling

[kWh/(m²a)] <1945 1945 - 1969 1970 - 1979 1980 - 1989 1990 - 1999 2000 - 2010 >2010 Average

Austria 88,2 89,4 89,6 67,2 78,1 72,6 64,3 30,1

Belgium 86,0 94,7 81,0 81,0 69,2 63,4 49,8 28,2

Bulgaria 116,2 86,2 84,9 84,9 84,9 62,9 55,4 42,9

Croatia 49,8

Cyprus 39,8 40,0 39,6 38,5 38,7 32,5 22,5 52,0

Czechia 99,9 96,9 93,5 80,9 75,8 71,5 52,7 31,5

Denmark 94,3 82,5 73,0 57,5 57,3 42,8 28,8 21,0

Estonia 28,0

Finland 26,9

France 73,8 68,9 61,9 43,9 42,5 42,2 28,1 32,6

Germany 83,2 80,1 72,9 65,9 62,6 50,3 44,1 27,1

Greece 68,2 70,8 70,2 63,9 62,9 46,5 33,7 49,9

Hungary 102,4 86,7 85,9 79,8 58,2 53,2 47,3 43,5

Iceland

Ireland 87,5 81,0 55,9 84,0 78,8 67,4 41,9 11,9

Italy 78,7 76,6 65,3 65,3 63,2 42,7 42,7 45,6

Latvia 28,7

Lithuania 30,4

Luxembourg 27,8

Malta 51,7

Netherlands 75,2 71,3 59,6 55,5 48,0 38,6 24,6 17,4

Norway 131,6 139,1 121,3 125,9 121,7 79,8 49,8

Poland 113,2 94,0 80,6 78,0 60,3 54,6 59,4 34,6

Portugal 37,5

Romania 46,3

Slovakia 40,5

Slovenia 86,4 71,0 64,9 63,4 63,4 47,5 47,1 44,6

Spain 8,3 7,7 6,8 4,3 4,3 4,3 2,5 48,3

Sweden 111,6 113,0 96,4 87,5 76,5 76,7 82,3 29,9

Switzerland

United Kingdom 97,1 102,0 99,1 92,0 88,9 69,9 46,2 29,3

Central 85,7 84,7 81,2 64,9 70,3 61,4 54,2 28,6

East 103,6 86,9 82,0 77,4 68,5 56,3 52,4 37,1

North 112,5 111,6 96,9 90,3 85,2 66,4 53,6 25,9

South 48,7 48,8 45,5 43,0 42,3 31,5 25,4 47,8

West 83,9 83,6 71,5 71,3 65,5 56,3 38,1 24,5

heating
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other countries achieved such low values as recently as 1970/1980. Whereby in some of the 

southern countries like Cyprus or Spain, buildings don´t need this much insulation due to warm 

weather conditions.  

As expected the northern countries have the highest heating demands in general, but because 

of their low U-Values the heating demand of buildings after 2010 of the clusters North, Central 

and East are nearly identical. Even considering the low insulation standards, the southern 

countries still have the lowest heating demand, due to the warmer climate. On the contrary, 

the south has the highest cooling demand, followed by the eastern countries. The cooling 

demand in Ireland is even lower than in the northern countries. A reason therefor could be 

the mild climate in Ireland during summertime, whereby the northern countries tend to have 

a short but hotter summer.  

Table 5-4: U-Values of different construction periods of the EU27+4 [21] 

 

Figure 5-9 shows the average HDD and CDD from 2011-2020 of the EU27 [7]. There is a wide 

variation across the EU. Finland, Sweden and Estonia have the highest HDD, which means they 

[W/(m²K)] <1945 1945 - 1969 1970 - 1979 1980 - 1989 1990 - 1999 2000 - 2010 >2010

Austria 1,34 1,64 1,26 0,94 0,54 0,43 0,45

Belgium 2,44 2,58 1,59 1,54 1,12 0,69 0,51

Bulgaria 1,81 1,67 1,54 1,25 1,00 0,71 0,49

Croatia 1,70 1,54 1,25 0,81 0,55 0,38 0,33

Cyprus 2,92 2,05 1,62 1,40 1,29 1,24 1,19

Czechia 1,52 1,48 1,26 1,02 0,73 0,59 0,47

Denmark 1,32 1,17 0,86 0,71 0,59 0,47 0,34

Estonia 0,74 0,56 0,47 0,42 0,39 0,39 0,38

Finland 0,87 0,77 0,68 0,56 0,48 0,43 0,37

France 2,19 2,47 1,60 0,98 0,83 0,54 0,43

Germany 1,68 1,44 1,14 0,77 0,68 0,49 0,45

Greece 2,89 2,61 2,39 2,22 1,80 1,32 1,01

Hungary 1,42 1,34 1,18 1,07 0,71 0,60 0,49

Iceland

Ireland 2,19 2,14 1,98 1,31 0,99 0,70 0,45

Italy 2,12 1,93 1,82 1,37 1,07 0,87 0,69

Latvia 1,39 1,29 1,24 1,15 0,99 0,83 0,63

Lithuania 1,19 0,99 0,79 0,66 0,60 0,53 0,95

Luxembourg 2,19 1,67 1,15 0,81 0,67 0,54 0,52

Malta 2,99 2,33 2,00 1,84 1,76 1,71 0,52

Netherlands 2,07 1,83 1,67 1,04 0,69 0,60 0,53

Norway

Poland 2,12 1,70 1,41 1,21 0,68 0,58 0,51

Portugal 2,76 2,55 2,32 2,20 2,05 1,47 1,01

Romania 1,84 1,69 1,58 1,49 1,42 0,95 0,59

Slovakia 2,19 1,90 1,67 1,38 1,18 0,90 0,59

Slovenia 1,70 1,54 1,25 0,81 0,55 0,38 0,33

Spain 2,99 2,56 2,30 1,51 1,30 1,20 1,09

Sweden 0,86 0,75 0,67 0,60 0,53 0,53 0,38

Switzerland

United Kingdom 2,39 1,96 1,54 1,02 0,84 0,63 0,55
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have greater needs for heating compared to the rest of the EU. Cyprus, Malta and Greece have 

the highest CDD, while Ireland, Finland and Sweden have the lowest CDD (under one). [7] 

 

Figure 5-9: Average heating and cooling degree days from 2011-2020 of the EU27 [6] 

5.5 Comparison of the DHW demand 

The demand for DHW not only depends on the number of people living in the building but also 

on the country of the consumers. Figure 5-10 shows how different the consumer behaviour is 

in the different European countries. With 1,95 MWh/a Denmark has the highest DHW demand 

per person, and Lithuania has the lowest with 0,55 MWh/a. The demand was calculated as 

described in chapter 4.2.5. There is no data available for Iceland and Switzerland.   
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Figure 5-10: Domestic hot water demand In MWh per Capita and year in European countries [29, 30] 

5.6 Comparison of electricity prices and labour costs 

The electricity price has an influence on the energy cost of the HP or boiler and the labour cost 

influences the installation costs. 

 

Figure 5-11 shows how the electricity price for household consumers and the labour cost 

differs within the EU27+4 countries. The highest electricity prices are in Germany with 0.30 

€/kWh followed by Denmark and Belgium. In general, the central and southern countries 

have the highest prices, while the electricity cost in the east and north are the lowest. The 

prices in Bulgaria are only one third of the ones in Germany. 

The labour cost has an even wider variation. As well as the electricity price, the labour cost is 

also cheaper in the eastern countries. The highest costs are in the centre and the north of 

Europe, with Switzerland having over 8 times higher costs than Bulgaria.  

 

 

Figure 5-11: Electricity price for household consumers in €/kWh and labour cost in €/h of the EU27+4 [33, 36] 
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5.7 Comparison of the required floorspace  

The floor space per person influences the heating and cooling demand of a building as well as 

the size of the installed HP. It differs in the European countries and also depends on the type 

of building. Figure 5-12 shows the floor space per person in two different building types [20].  

Generally, the floor space per person in a SFH is higher than in an AB. In both, SFH and AB, the 

least floor space is used in the eastern countries. In the central and northern countries the 

floor space is equal for each building type. The southern countries need the most space per 

person in SFH, while the central and northern countries use the most floor space in AB.  

5.8 Comparison of the interest rate 

The interest rate has an impact on the annualized Capex. The data considered in the tool is 

only for the countries of the eurozone, which leads to the assignment of cluster values for 

over one third of the countries. For example, in the cluster North only data for Finland is 

available and no average value can be built which can lead to inaccurate numbers. Figure 5-13 

shows the available data for the interest rate. 

Figure 5-12: Floor space per person in m² for SFH and AB in the EU27+4 [20] 

Figure 5-13: Interest rate in the countries of the eurozone [35] 
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5.9 Comparison of influencing factors within a cluster 

Figure 5-14: Comparison of influencing factors of countries within the clusters South and West 

Figure 5-15: Comparison of influencing factors of countries within the clusters North and Central 

Figure 5-16: Comparison of influencing factors of countries within the cluster East 
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Figure 5-14 to Figure 5-16 show five radar charts whereby the countries of one cluster are 

each in one chart. No cluster values are used in these graphic accounts. They only show 

available data. The selection of the shown values equals the one in chapter 5.2 and the values 

are the average over the four TCs. 

Generally, a clear pattern appears for the countries within one cluster, there are only few 

outliers. Examples for such outliers are the floor space in Croatia, the cooling demand in the 

Netherlands or the electricity price in Denmark and Germany. It can be said that the 

composition of the clusters appears to be reasonable. Countries that are not part of the EU 

(Norway, Iceland, Switzerland and the UK) have the least data availability, whereby the UK has 

the best availability out of the four because of their resent exit from the EU.  

When comparing the clusters with each other the South and the West seem to be similar. 

Whereby the South has slightly higher values for the interest rate and the cooling demand and 

lower values for the space heating and DHW demand as well as the building insulation and 

labour cost. Also, the Central and the West look similar. Except the average values in the 

Central are slightly higher than the one in the West. The Central and the North have the 

highest values in all categories except in the interest rate and the cooling demand. The East 

has the lowest values regarding the labour cost and electricity prices but the highest ones 

regarding the interest rate.  
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6 SUMMARY AND FUTURE OUTLOOK 

In this thesis, the cost structure of HP applications has been identified and a calculation 

method has been established for the total cost of ownership. It considers the use of different 

HP technologies for providing space heating and cooling as well as DHW services. The method 

applies for residential end users of the EU27+UK, Iceland, Switzerland, and Norway. The result 

is an evaluation of the costs and their influencing factors in different countries, for three 

different HP types and for different TCs. This chapter gives a short summary of the main 

results; furthermore, it gives a future outlook. 

6.1 Summary of the calculation results 

The comparison of the costs in Austria shows that the building structure and size has a high 

impact on the cost. The uncertainty of the calculation deviates about +40% and -30%. This is 

because the uncertainty of the SCOP for HPs is not deviated evenly. The average cost is not 

calculated with the average of the upper and lower values for the efficiency but the value 

needed to achieve the EHPA quality label. The application of more efficient HPs leads to a 

massive reduction of the energy cost for heating and cooling.  

The comparison of different HP types shows that the Ground/Water HPs have the highest 

Capex but in an annual consideration are the best option. Compared to an Air/Water HP they 

are around 10% cheaper. In contrast, if the supply with DHW is required, Air/Air HPs are the 

most expensive choice. The reason is the additional need of an electric boiler. Compared to 

an Air/Water HP the expense for an Air/Air HPs is 25% higher. The installation of 

Ground/Water HPs is not always possible due to the needed space. In this cases Air/Water 

HPs are the better choice. 

Chapter 5.2 depicts how different factors have an influence on the example of five different 

countries. The location of the building has big impact on the needs for heating and cooling. 

The U-values show that new buildings have a very good insulation. In older buildings the cost 

for heating can be reduced by renovation. This can reduce the heating demand by around 55% 

compared to no refurbishment. The comparison of the influencing factors in one cluster shows 

how well the countries fit into the clusters and compares the clusters with one another.  

6.2 Summary of the influencing factors 

The influencing factors can be spilt in five groups. Factors that depend on the HP type, the 

building structure, the consumer behaviour and on the country. The latter are mostly 

influenced by the economic situation in the country.  Table 6-1 summarizes the main cost 

drivers for HP applications and the cost type they influence.  
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Table 6-1: Overview of the influencing factors 

Depending on Factor Influence on Impact on  

Technology specific 
data 

Efficiency, SCOP and 
SEER  

Opex 
Energy cost heating, cooling 
and boiler (if required) 

Building specific 
data 

Heating demand Opex Energy cost heating 

Cooling demand Opex Energy cost cooling 

Building Insulation Opex and Capex 

Demand for space heating 
and cooling 

Installed capacity for heating 
and cooling 

Consumer specific 
data 

DHW demand Opex 
Energy cost heating and 
boiler (if required) 

Floor space per person Opex and Capex 

Installed capacity 

Energy costs, Maintenance 
cost, Fixed electricity cost  

Country specific 
data 

Electricity price Opex 
Energy cost heating, cooling 
and boiler 

Labour cost Capex Installation cost 

Interest rate Capex 
Installation and equipment 
cost 

6.3 Improvement and expansion  

The established tool is able to calculate the total cost of ownership of different HP types for 

31 countries. However, there are still things to improve and ideas on how to expand the tool.  

One point to address is the availability of data. Due to a lack of experience, data for cooling is 

not available or often based on calculated and not on measured data. More data on the 

consumer behavior in case of cooling applications could help make the calculation more 

accurate. Secondly, the tool should consider data of more countries and different sources for 

the interest rate.  

In order  to make the results more relevant, a comparison with other renewable and fossil 

technologies would be helpful. Also, a comparison of the CO2 emissions of these technologies 

and the implementation of subsidies could lead to important conclusions such as how polices 

and subsidies on renewable options could help to increase their use.    

6.4 Conclusion 

To achieve the climate goals the use of key technologies, such as the HP, needs to be 

increased. The result of this thesis shows that there are many influencing factors for heating 

and cooling applications. This leads to a wide amount of different cost drivers and a variation 
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of consumer needs. As mentioned in the introduction, in some countries fossil options are still 

more affordable than renewable ones. An affordable application of renewable options is 

important to reduce emissions. This can be achieved by changing policies and improving the 

availability of subsidies. 

In general, the cost for heating can also be reduced by the installation of more efficient 

equipment and the renovation of old buildings. This would also lead to a reduction of the total 

energy consumption.  

Regarding the future development, cooling will be an important subject in the next years. An 

interesting aspect is the development of the CDD from 1979 to 2020. There appears to have 

been a distinct increase in the CDD which leads to a higher need for cooling applications [7]. 

For that, more data regarding consumer behavior could help to create more efficient cooling 

applications.  
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8 APPENDIX 

Table 8-1: Sources of consumer and building data 

Data Unit Year Source 

Tenure Status % 2018, Iceland 2017 [10] 

Building Density % 2018, Iceland 2017 [10] 

Building Type % 2018, Iceland 2017 [10] 

Construction Period % 2016 [40] 

Household Size % 2018, Iceland 21017 [10] 

Low Social Status % 2018, Iceland 2017 [10] 

GDP per capita € 2018 [10] 

Heating Degree Days Degree-days 2019 [10] 

Cooling Degree Days Degree-days 2019 [10] 

 

 

 


