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Abstract  

This report is based on a project which aims to evaluate the costs for the heat pump system from the 

perspective of Swedish insurance companies, users and environment. There are different thoughts today 

about the costs for the heat pump systems and the goal with this project is to analyze the costs for the 

heat pump and the cost for electric heating. 

The method of the project could mainly be divided into two parts. The first part will calculate the cost of 

faults divided with the market value for the heat pump system. The second part will use life cycle cost 

analysis, LCCA, to compare the heat pump system with the electric boiler. Data used in the calculations in 

the method is collected from insurance companies and by interviewing experts in the subject. 

The result from the study using LCCA proves that the heat pump system in relation to the electric boiler 

is more profitable from the perspectives of users and environment. The reason behind this is the amount 

electricity used during the whole lifetime of both systems. At least three times less electricity is demanded 

from the heat pump system and the user will therefore save money if choosing the heat pump. In the 

same way the environment gets less affected by the smaller amount of demanded electricity.  

However, from the insurance companies’ perspective, the electric boiler is to be preferred, due to high 

fault costs for the heat pump compared to the electric boiler. For example, the brine to water heat pump 

has a cost of faults at 3100 kr per year, comparing to the electric boiler which has almost no cost of faults 

at all. The discussion made will present potential reasons and thoughts regarding the outcome of the study. 

It also includes an analysis where alternative models are discussed and tested from different approaches. 
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Sammanfattning 

Denna rapport behandlar ett projekt som handlar om att utvärdera kostnaderna av ett värmepumpssystem 

utifrån tre perspektiv: svenska försäkringsbolag, användare och miljö. Det finns idag delade meningar vad 

gäller kostnaderna av ett värmepumpssystem och målet är att analysera dessa kostnader med samma typ av 

kostnader för elpanna. 

Metoden kan överlag delas in i två delar. Första delen beräknar felkostnaden dividerat med 

marknadsvärdet för värmepumpsystemet. Andra delen använder livscykelkostnadsanalys för att jämföra 

värmepumpen med elpannan. Data som användes i beräkningarna i metoden samlades från 

försäkringsbolag och genom intervjuer med experter i ämnet.  

Resultatet från studien visar att värmepumpsystemet är mer fördelaktigt från användares och miljöns 

perspektiv. Anledningen till detta ligger i mängden elektricitet som används av de båda systemen under 

hela livslängden. Minst tre gånger mindre elektricitet krävs av en värmepump, jämfört med elpannan, och 

användaren sparar därmed mycket pengar om denne väljer värmepumpen. På samma sätt påverkas miljön 

mindre av användningen av värmepumpen. 

Dock är elpannan att föredra framför värmepumpen från försäkringsbolagens perspektiv. Detta beror på 

att felkostnaden, som försäkringsbolagen får stå för, är mycket högre för värmepumpen än för elpannan. 

För bergjordsjö-värmepump till exempel, är kostnaden för fel cirka 3100 kr per år, samtidigt som den är 

försumbar för elpannan. Diskussionen presenterar potentiella anledningar och tankar bakom resultatet. 

Där görs även en analys där olika typer av modeller diskuteras och prövas från olika perspektiv.   
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Nomenclature  

Sign Designation    Unit 

        :  Total cost of faults for heat pump in Swedish market [SEK] 

       : Deductible cost   [SEK] 

       : Cost of faults every year   [SEK] 

           : Total investment costs   [SEK] 

          : Total operation costs   [SEK] 

        :  Total salvage costs   [SEK] 

   : Coefficient of performance   - 

 : Depreciation rate   - 

 : Discount rate 

       : Electricity demanded   [kWh/year] 

   :  Engaged electrical energy   [W] 

      : Electricity used in a heating system  [kWh/year] 

    : CO2 emission per produced kWh electricity  [kg/kWh] 

        : Total CO2 emission for a heat pump system  [kg/year] 

 : Cost of faults divided with market value for heat pump - 

 : Lifetime of a heat pump   [year] 

  : Swedish market value for heat pump  [SEK] 

         Number of faults 

    : Total number of heat pumps in Sweden  

  : Electricity price   [SEK] 

   : Price for heat pump   [SEK] 

        : Price for installation   [SEK] 

        : Heating ratio of total electricity demand - 

          : Hot water ratio of total electricity demand 

  : Net cash flow at time t   [SEK] 

 : Time of the cash flow   [year] 

    :  Obtained thermal energy   [W] 
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Common used expressions  

LCCA:  Life cycle cost analysis 

kr:  Swedish crowns, SEK 

Parameters and variables 

The used parameters and variables in the method of this study are presented in table 1.  

 

Parameters Variables 

                

                   

              

            

            

       

     

           

       

      

          

   

     

          

          

            

  

Table 1. Parameters and variables 
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1. Introduction and problem formulation 

1.1 Background 

The climate and environmental changes have made us start to think in a more sustainable way. We need to 

change our behaviors and the way we act to cope with the upcoming challenges. Energy supply has never 

been more important.  

As a consequence of the environmental awareness, we have started to look after green alternatives 

concerning energy supplying, not least when speaking about houses and buildings. A common green 

alternative for this is the heat pump system. On the current market there are different types of heat pumps, 

where air to air, air to water, exhaust air and brine to water are the most common ones. (SVEP, 2013a) 

During the last years, the heat pump system has been more common, especially in Sweden. Today, 20% of 

all smaller family houses in Sweden have an installed heat pump. Sweden also has 50 % of the total 

European heat pump market. Predictions tell that the number of heat pumps in houses and building will 

increase. (Folksam, 2009; Energimyndigheten, 2009) 

Geothermal heat pump (ground-source based brine to water heat pump) is the fastest growing application 

regarding renewable energy. (Lund, Sanner, Rybach, Curtis & Hellström, 2004; Milenic, Vasiljevic & 

Vranjes, 2010) Figure 1 in Appendix 1 shows the increasing numbers of heat pumps sold in Sweden. 

(SVEP, 2013b) 

The Swedish insurance company Folksam published an article in 2010 which claimed that the total 

amount of heat pump faults in Sweden had increased a lot during the last years. From year 2008 to 2009 

the number of faults reported to the Swedish insurance companies increased by 66 %. They interpreted 

that the reason behind the increased amount of faults were the low quality of the system and its 

components. Lower quality means that the heat pump breaks much easier and often. The big amount of 

faults leads to high costs for the insurance companies. (Folksam, 2010)  

Are the costs actually as high as the insurance companies claim? How is the cost of faults for the heat 

pump system compared to the common alternatives such as electric heating? How high is the cost of 

faults in relation to the market value of the heat pumps? How much do a heat pump cost during its 

lifetime compared to an electric boiler? 

1.2 The heat pump system 

The principle of the heat pump is based on a circulating refrigerant, which transfer heat while changing 

different phases (Wu, 2009). The main components for a heat pump unit are:  

 Circulation pump  

 Evaporator  

 Compressor  

 Condenser  

 Expansion valve 

The system starts by pumping heat from an external heat source. The heat is then used to boil the 

refrigerant in the evaporator by adjusting the pressure. The refrigerant changes to gas phase and goes into 

a compressor, where the pressure increases. By this, the gas temperature also increases. The gas then goes 

into a condenser, which is the heat pump system’s heat transferring part.  
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The gas gives heat to the heating system and condenses back to liquid form. The pressure lows in an 

expansion valve and the liquid then transfers to the evaporator. Depending on heat pump system, the heat 

source and the refrigerant differ. The whole process is illustrated in figure 1. 

The heat pump can not only provide heating, but also cooling and hot water (Lund, Sanner, Rybach. 

Curtis & Hellström, 2004). Heat pumps can today be used in everything between residential buildings to 

bigger industrial fields. (Roccatello, 2013) 

  

 

 

 

 

 

 

 

 

 

 

1.3 The electric boiler 

The electric boiler uses electric energy as heat source to heat water. The electricity comes via a water 

immersed resistor or electrode. The electric boiler consists of a bigger tank (approximately with a volume 

on 100-1000 liters) for water. (Mendaza, Bak-Jensen & Chen, 2012) 

 

  

Figure 1. General heat pump system (Roccatello, 2013) 
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2 Project goal and plan 
This project aims to evaluate the cost of faults related to heat pump systems which are reported to the 

Swedish insurance companies. The study will mainly focus on the Swedish insurance companies Folksam 

and Länsförsäkringar, LFAB. Firstly the ratio between the costs of faults divided with the market value for 

the heat pump system will be calculated and evaluated. The study will then use life cycle cost analysis to 

compare the heat pump system to electric boiler. The life cycle cost analysis will compare both heating 

systems from the perspective of insurance companies, users and environment. The following questions are 

the main goal of this project: 

 How high is the cost of faults in relation to the market value and in comparison between the 

types of heat pumps? 

 How sensitive is the ratio between the cost of faults and the market value to changes in the model 

of estimating the market value? 

 Which one of the heat pump and the electric boiler has the lowest costs from the insurance 

companies’ and from the users perspective? 

 Which of the heat pump and the electric boiler is most environmental friendly? 

The final result can hopefully lead to a discussion and beginning of improvement of maintenance and 

operation for the systems from different perspective including the insurance company's perspective. 
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3 Literature survey 
This part of the report is to be given to provide a broader knowledge basis of the issued problem. The 

literature survey is divided into two main parts: a technical introduction and a management part. Firstly a 

description of earlier studies in the subject is to be presented. The chapter then continues with a short 

technical introduction to the heat pump system followed by the differences between the types of heat 

pumps.  

The second part, which is the management part, will focus on the current insurance models for heat 

pumps from the perspective of the Swedish insurance companies: Folksam and LFAB. Further the fault 

identification process, the warranty models in Sweden and the alternative insurance models in other 

countries will be described.  

3.1 Earlier studies in the subject 

The purpose of this part of the literature survey will give a short summary on earlier studies in the same 

subject. These studies are presented in reports that are relevant for this study. 

3.1.1 A comprehensive analysis of faults in Swedish heat pump systems 

Erica Roccatello made an earlier study in July 2013 as a part of a wider project called “Smart fault detection 

and diagnosis for heat pump systems”. The project aims to construct an automatic process of determining 

whether a fault has occurred, and help technicians while repairing the faults. The goal is to make the 

process more efficient, less costly and time consuming. The study made by Roccatello was mainly focusing 

on the most common component faults in the heat pumps and their costs. The data for all faults and their 

costs were collected from some of the largest Swedish manufactures and Folksam. (Roccatello, 2013) 

3.1.2 Improved operation security for heat pumps in residential buildings 

In year 2012 the department of Energy Technology of SP, Technical Research Institute of Sweden made a 

study of the most common failures for heat pump systems in residential buildings. The project was on 

behalf of the research foundation of the Swedish insurance company LFAB and the objective was to 

suggest what actions that could reduce the number of faults and how to improve the reliability of the 

systems. The study was done by using an analysis of the fault and sales statistics together with interviews 

with heat pump manufacturers, service representatives, installers and assessors. (Haglund Stignor et. al. 

2012) 

Other relevant studies in the subject are:  

 Madani H., Rocatello E.  2014. A comprehensive study on the important faults in heat pump 

systems during the warranty period, International Journal of Refrigeration, under review.  

 Madani H., Rocatello E. 2014. Faults and Errors in Heat Pump systems from Insurance 

companies perspective, International Journal of Refrigeration, submitted. 

 Madani H. 2014. The common and costly faults in Heat Pump Systems, International Conference 

of Applied Energy, ICAE 2014, Taipei, Taiwan, ID 894. 

3.2 Different types of heat pump system 

Depending on conditions and needs, different heat pump systems are used. The identified ones relevant 

for this project are: 

 Exhaust air 

 Air to air 

 Air to water 

 Brine to water 
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3.2.1 Exhaust air 

The principle with an exhaust air heat pump is that it takes advantage of 

heat losses; often warm air from buildings as a heat source. Therefore, 

this system is only suitable for buildings that manage to control their 

evacuation of ventilation air. The heat from the exhaust air is however 

sometimes limited. On very cold days, the system cannot provide as 

much energy as demanded and will therefore need another heat source 

to cover up the losses. (Roccatello, 2013) The heated air can both be 

used to heat a radiator or to heat water, but also to heat air that comes 

into the building (Cizmeli, 2013). Figure 2 illustrates a house with an 

installed exhaust air heat pump.  

3.2.2 Air to air 

An air to air heat pump uses the heat in outside air in its system. The 

outside air provides heat to the refrigerant in the system, which 

circulates and provides heat to some type of a heat exchanger, often a 

radiator. This system can only be used as an air conditioning system. 

(Roccatello, 2013) Figure 3 illustrates a house with an installed air to air 

heat pump. 

3.2.3 Air to water 

The principle of an air to water heat pump is the same as the air to air 

heat pump. Instead of providing heat to a refrigerant, the heat source 

contributes heat to a water heating system. The system could for 

example be connected to radiators, which help to provide heat to the 

building. The biggest difference between air to water and air to air is 

that the first-mentioned also can provide heated water. Therefore, this 

type of heat pump system also needs a water tank to store produced 

hot water. (Cizmeli, 2013) Figure 4 illustrates a house with an installed 

air to water heat pump. 

3.2.4 Brine to water 

The brine to water heat pump provides hot water to a water heating system and for sanitary use. The 

principle of this system is characterized by circulating brine, which collects heat from a heat source and 

then provides it to the buildings heating system. The most common heat sources for this system are 

geothermal, ground, lake or sea. These sources have a relatively constant temperature throughout the 

whole year, which makes this system the most reliable. (Lund, Sanner, Rybach, Curtis & Hellström, 2004)  

3.3 COP of the systems 

The work rate of the system is different for each type of system. Electrical energy is used to drive the heat 

pump and therefore the efficiency coefficient for a heat pump could be calculated as the ratio between 

obtained thermal energy and engaged electrical energy (Milenic, Vasiljevic & Vranjes, 2009): 

 

    
    

   
 

  

Figure 2. Exhaust air  

(SVEP, 2013a) 

Figure 3. Air to air  

(SVEP, 2013a) 

Figure 4. Air to water  

(SVEP, 2013a) 
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The     values for different types of heat pump systems are shown in table 2. 

 

Heat pump system COP 

Air to air 1.5 – 3.9 

Air to water 2.0 – 4.0 

Brine to water 3.0 – 5.0 

Exhaust air 2.9 – 3.4 

 

3.4 Insurance models for heating systems in Sweden 

The following part will describe the current insurance model for heating systems in Sweden. Compared to 

other European countries, the Swedish type of insurance model is different. This part of the report will go 

through the general insurance model in Sweden, describe the two insurance companies chosen for this 

study and in last describe the process of fault identification.  

3.4.1 Insurance for heating system as a part of home insurance 

The insurance companies provide a so called “home insurance” for every home. This type of insurance 

includes protection for all the family members and all the assets of the house/apartment. Different types 

of insurance companies offer slightly different types of this insurance, but the main purpose is the same. 

This widely covering insurance is unique for the Swedish market. 

The following part will give a short introduction to the biggest Swedish insurance companies. Further, a 

description of their heating system insurance models will be given. 

3.4.2 Folksam 

Folksam is one of the largest insurance companies in Sweden. The total amount of customers are around 

4 million and the total number of claims per year sums up to around 600 000. Folksam has around 25% of 

the total home insurance market for houses (in Swedish: Villahemförsäkring) (Toneby, 2014)  

The home insurance that Folksam provides is categorized into three levels, where the customers can 

choose the level that suits them. The different levels of insurance consist of add-on insurances and can for 

example cover extra valuable assets. The main factors that the company considers when a customer buys 

home insurance are (Folksam, 2014): 

 Type and total area of home (house, owned, rented or student apartment) 

 Number of family members 

 Current installed security (any alarms, security doors etc.) 

 Total value of home assets 

According to Toneby (2014), the insurance for all types of heating systems is included in their home 

insurance. According to him and Folksam’s current model, the company will therefore consider a home 

with or without a heat pump system the same way. According to him, Folksam’s current model will not 

consider the heating system of a house when pricing the home insurance.  

3.4.3 Länsförsäkringar 

Länsförsäkringar AB, LFAB is a Swedish insurance company.. The corporation is divided into 23 smaller 

companies, with each of them representing a specific county in Sweden. The total amount of customers is 

around 3.4 million. (Länsförsäkringar, 2013) 

Table 2: COP values (Milenic, Vasiljevic & Vranjes, 2009; SVEP, 2013c) 

cc) 
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LFAB has a home insurance for houses that covers machine damage (in Swedish: maskinskada) on all types 

of heating systems. This current model does not categorize different types of systems and would for 

example consider a home with heat pump, electric boiler or district heating as the same. However, in the 

former insurance model, the heating system was taken into account when pricing the home insurance. In 

the former model, customers with heat pumps for example were given a discount compared to customers 

with oil boilers. The discount was given because of the total heat pump faults cost were lower in 

comparison with the faults costs of the oil boiler. (Partanen, 2014) 

According to Ari Partanen, assessor at LFAB, the company has nearly 30 % of the total Swedish home 

insurance market. 

3.4.4 Process of the fault identification  

When a customer’s heat pump breaks, the process of repairing the system is almost the same for both 

Folksam and LFAB. The heating system is crucial for keeping a desirable indoor temperature because of 

the demand of heat; the customers demand reparation direct after their heat pump gets broken. The 

reparation is done by an installation company and the costs will be sent afterwards to the insurance 

company. The insurance company is mostly contacted by the users after a fault has been repaired. Figure 5 

shows the process of fault identification for the heat pump. 

 

 

3.5 Warranty and number of faults 

NIBE and IVT are the two manufacturing companies in the Swedish heat pump market. They have, since 

2012 extended their heat pump warranty to 3 years. (NIBE, 2013; IVT, 2013) According to Robin Toneby, 

from Folksam, the manufacturing companies have taken more responsibilities regarding heat pump fault 

issues. (Toneby, 2014) 

In NIBEs case the customer can sign an extended insurance up to a total of 12 years. The first 3 years the 

company offers a regular warranty. The customer then have right to sign an extended insurance. This is 

called “Trygghetsförsäkring” and the customers can only sign it if they already have a valid home 

insurance from a separate insurance company. (NIBE, 2013) This type of insurance then covers both the 

depreciation cost and the deductible for the customer. The deductible is the cost that the customer has to 

pay their insurance company when a fault that the insurance company covers has occurred.  

IVT on the other hand has 10 years warranty on most of their heat pumps. The warranty covers all the 

costs the first 3 years, but year 4-6 the warranty only covers the deductible and the depreciation. Year 7-10 

the warranty only covers the deductible and depreciation costs for the heat pump’s compressor faults. 

(IVT, 2013) According to a study made by Erica Roccatello, the compressor faults are then most fault 

reported to Folksam regarding heat pump systems. (Roccatello, 2013) 

3.6 Alternative insurance models for the heat pump system  

As mentioned, the Swedish home insurance is unique. Different countries and insurance companies have 

their own type of insurance models. This part will focus on alternative insurance models for the heat 

pump system. The countries selected are within Europe and among the countries that use heating systems 

the most.  

Customer 
identify 

fault 

Contacting 
installation 
company 

Installation company 
repairs 

Contacting 
insurance 
company 

Costs paid 
by the 

insurance 
company  

Figure 5. Process of fault identification (Folksam, 2014; Länsförsäkringar, 2014) 
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3.6.1 Zurich Switzerland: Insurance model 

Zurich Switzerland, a leading insurance company in Switzerland, divides their insurances into six parts. 

The model works in a way that the company categorizes separate objects into different types of insurances 

to evaluate and calculate the insurance costs. (Zurich Switzerland, 2013) In the case of Zurich Switzerland, 

the model can be illustrated as in figure 6.  

Vehicles & 

travel 

Homes & 

Construction 

Liability & 

Legal 

Events & 

Leisure 

Pension Plans 

& Investments 

Accident & 

Sickness 

Add-on Add-on Add-on Add-on Add-on Add-on 

 

 

The insurance for the heating system will in this case go under “Homes & Construction”. To cover the 

heat pump system the customer will have to buy one “add-on” insurance categorized under “Homes and 

Construction”. (Zurich Switzerland, 2013) The Swedish insurance model does not have these kinds of 

add-ons.  

3.6.2 Tryg Forsikringer: Insurance model 

The insurance model for Tryg Forsikringer, a Danish insurance company is similar to the model of Zurich 

Switzerland. This insurance company offers four different insurances: car, burglary, travel and house 

insurance, all with add-ons. In this case, the heating system will be included in the house insurance as an 

add-on. (Tryg Forsikringer, 2013) 

3.6.3 Allianz: Insurance model  

Allianz, which is one of the biggest insurance companies in Germany and a big international corporation, 

has a private insurance model that is divided into five categorized insurances. In this case: the heating 

system of the customer will be covered in the house and home insurance, as an add-on. (Allianz, 2013) 

 

  

Figure 6. Insurance model (Zurich Switzerland, 2013) 
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3.7 Life cycle cost analysis 
To compare the heat pump system to the electric boiler, a life cycle cost analysis was made. The LCCA is 

a useful method for controlling initial and future cost of a system. This method could be used in different 

objects and industries, for example: buildings, transports and technical systems. To sum all the costs of the 

entire lifetime of one system gives a good overview of what a customer can expect to invest in a heating 

system. (Kshirsagar et. al., 2010) 

One benefit that the general life cycle cost analysis has can be divided into cost from different 

perspectives (Asiedu & Gu, 1998). Depending on what purposes the results have, the LCCA can be 

formed in different ways. The LCCA of a building from a construction company’s perspective for 

example will focus on construction costs. The same building from the LCCA of the customer’s 

perspective will focus on rent and costs associated with using the building. (Kshirsagar, El-Gaft & 

Abdelhamid, 2010) Figure 7 shows one example on the LCCA. 

After calculating values for each part in the LCCA, the values then has to be discounted back to the initial 

net present value to make the investments comparable. (Asiedu & Gu, 1998) 
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Figure 7. Life-cycle stages and costs (Asiedu & Gu, 1998) 
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4 Methodology 
This part of the report is given to describe the methodology which has been followed during the process 

of this study. This chapter will firstly go through the considered system boundaries for each system and 

then describe the model of the methodology more detailed.  

4.1 System boundaries 

When speaking about heat pump system and electric boiler, it is important to define the exact boundaries 

for this study. All calculations and results that will be presented are considered within these system 

boundaries.  

4.1.1 The system boundary of the heat pump system 

 

 

The considered system boundary of the heat pump system in this study for a house is illustrated in figure 

8. All the main components of the general system are considered as a part of the house. Depending on the 

type of heat pump, the two units have different components, but in this study all components will be 

considered within the system boundary. 

 4.1.2 The system boundary of electric boiler system 

 

 

The considered system boundary of the electric boiler in this study for a house is illustrated in figure 9. All 

components of the general electric boiler system are considered as a part of the house. The electric boiler 

is an indoor unit.  

Figure 8. Considered system boundary for heat pump system 

Figure 9. Considered system boundary electric boiler 
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4.2 Model of the methodology 

Figure 10 is a simplified model of the methodology. The methodology started with contacting expertizes 

and collecting data, followed by analyzing the gathered data by calculations and lastly using the results for 

discussions and conclusion.  

 

 

 

4.3 Contacting experts 

During this study, five interviews were made with experts within heat pumps and insurance models. The 

purpose with the interview was to get an overview for the market situation, information about insurance 

models and collect statistics and data. The interviewees are: 

 Robin Toneby, heat pump expert at Folksam 

 Ari Partanen, assessor at Länsförsäkringar 

 Jan-Erik Nowacki, research engineer at Royal Institute of Technology and CEO at Nowab 

 Nelson Sommerfeldt, PhD student at Royal Institute of Technology 

  

Figure 10. Model of the methodology 
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4.4 Collecting data 

To compare the cost of faults for the heat pump system to the electric boiler, data for both systems had to 

be gathered. The data could be divided into: 

 Cost of faults 

 Sales statistics  

 Prices and installation costs 

 Deductible costs for insurances 

 Electricity demand for heating and hot water 

 CO2 emissions for electricity production 

 Future electricity prices 

 Heating system coverage of total heat demand by a house 

 Estimated lifetime of the heating systems 

4.4.1 Cost of faults 

The data of the cost of faults is mainly collected from Folksam and LFAB. This part could be sorted into 

following: 

 Cost of faults of heat pumps from Folksam 

 Cost of faults of heat pumps from LFAB 

 Cost of faults of electric boiler from LFAB 

The data for the cost of faults of heat pumps is categorized into different types; exhaust air, air to air, air 

to water and brine to water. The cost of faults of electric boilers from LFAB is faults that the insurance 

company covered and faults that occurred in houses. Each fault has a corresponding year and total cost. 

The data from Folksam is processed by Roccatello, 2013. In her study, the faults not related to the actual 

heat pump were sorted out. The data from LFAB is not processed. 

4.4.2 Sales statistics  

With help from SVEP and Jan-Erik Nowacki, the sales statistics for heat pumps in Sweden was collected. 

The data includes the total number of each heat pump type sold from year 1993-2013, see figure 1 in 

Appendix 1. However, the data for year 2012 and 2013 is missing the number of air to air heat pumps sold. 

Therefore an assumption that the number of air to air heat pumps sold year 2011 was also sold for 2012 

and 2013. The data is also divided into different capacities; starting from 0-6 up to 101-1000 kW. The 

COP value for each type of heat pump every year is also given in this data. 

4.4.3 Prices and installation costs 

To calculate an average initial cost for the customer, prices and installation costs for both heat pump and 

electric boiler were needed. The data for the heat pump was collected from SVEP and in their annual 

statistics report called Pulsen (SVEP, 2013c). The data for the electric boiler was collected from different 

manufacture companies. The costs are assumed for an average Swedish house (Energimyndigheten, 2012), 

based on area, electricity and heating consumption.  

4.4.4 Deductible for insurances 

The deductible cost is the cost that the customers must pay to the insurance company when a fault occur 

and they want repayment. According to Folksam and LFAB, the deductible cost for respective insurance 

companies’ home insurances is around 1500 kr. 

.  
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4.4.5 Electricity demand for an average house in Sweden 

Data for the energy demand (heating and hot water) for an average house in Sweden was collected from 

Energimyndigheten. The assumed house has a surface on 149 km2 and the demanded electricity is given in 

total kWh, see table 3 in Appendix 2.  

4.4.6 CO2 emissions for electricity production 

To calculate the environmental impact in the LCCA, an observation of greenhouse gas emissions was 

made. In this case, the study was made on the CO2 emissions that occur when producing electricity. The 

emission values depend on the primary energy source. An assumption made is that the electricity comes 

from the Nordic based source Nord Pool. The data of this part was collected from the statistics of Svensk 

Energi (Svensk Energi, 2013). 

4.4.7 Future electricity prices 

The future electricity price for the upcoming 20 years was collected with help from Nelson Sommerfeldt, 

PhD Student at The Royal Institute of Technology (Sommerfeldt, 2014). The predicted values come from 

Sommerfeldt’s research and the estimations are based on expected future electricity demand, but also from 

a history-based forecast.  

4.4.8 Coverage and lifetime of heating system 

The heating system coverage means the proportion of the total energy demanded during a year for heating 

and hot water that the heating system covers. These values and the lifetime of the heating systems were 

collected from SVEPs statistics, Pulsen (SVEP, 2013c). 

4.5 Analyzing data 

The gathered data was used in two main calculations; the cost of faults in relation to the market value for 

the heat pump and the life cycle cost analysis for both heating systems.  

4.5.1 Cost of faults divided with market value 

The estimation of the cost of faults was done by summing all the cost of faults for each year from 2008-

2013 for Folksam and LFAB. By dividing the cost of faults for LFAB and Folksam with the total market 

share for both companies, an estimate of the total cost of faults for the whole Swedish market was 

calculated (see equation 1). The data from Folksam was only available for year 2008 and 2010, while data 

for LFAB was fully available for 2008-2013 When the data was only available for LFAB, the total cost of 

faults for the Swedish market was estimated only by LFABs share, see equation 2. All the calculations 

were done for each heat pump type and for each year individually. 

            
                                  

                           
       

            
                       

                     
     

 

The Swedish market value,    for the heat pumps was estimated by the data provided from SVEP. The 

formula used to estimate the market value is shown in equation 3. Each market value is presented in the 

specific year’s net present value. The formula was repeated for each heat pump type. The depreciation,  , 

was estimated by the average lifetime, provided from SVEP, for each heat pump type,   (see equation 4). 

The heat pump price,       was also provided by SVEP.   is the number of heat pumps sold each year,   

and for each heat pump type,  .  
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The ratio between         and    was then calculated for each year,   and for heat pump type,   as 

equation 5 states. 

     
           

     
        

4.5.2 Life cycle cost analysis 

To compare the heat pump system to the electric boiler, a life cycle cost analysis was made. During year 

2012, 26 % of the total area of all smaller family houses in Sweden was heated by electric boiler. The same 

year the ratio for the heat pump systems was 23 %. (Energimyndigheten, 2013) Due to the high ratio of 

both systems and available data this comparison was most suitable.  

The benefit of using this method is that the LCCA gives an overview of the costs of the whole life cycle 

and costs from different perspectives. The perspectives chosen for this study are insurance companies, 

users and environment. In this study, the considered types of costs were: investment, operating, 

maintenance and salvage costs. Our model for the LCCA in this study is illustrated in figure 11. 

 Insurance companies 

(Folksam, LFAB) 

Users Environment 

Investment   Heat pump price 

Installation 

 

 

Operation  Heating 

Hot water 

 

CO2 emission 

 

Maintenance Fault costs 

 

Deductible  

 

 

Salvage  

 

 

Salvage   

 

 

4.5.2.1 Investment costs 

The investment costs are in this case, the costs that the customers have as an initial outlay to install either 

a heat pump system or an electric boiler. Equation 6 shows that this part is the sum of the price for the 

heating system,     and the installation,            . Table 1 in Appendix 2 shows the total investment 

costs. 

                                 (6) 

Figure 11. Considered LCCA for heat pump and electric boiler. 
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4.5.2.2 Operation costs 

The operation costs for the heating systems in the LCCA consist of the electricity costs in the heating 

system. The two electricity costs are the heating and hot water. Both are covered by the heating system, 

except for air to air heat pump which only covers the heating part.  

The calculations were based on an average house in Sweden. By using the coverage ratios,         , 

           and the      for each specific heat pump, the total electricity used was calculated. The 

dimension of each type of heat pump was dimensioned by Pulsen statistics from SVEP, with a capacity to 

cover the needs of heat for an average house in Sweden (SVEP, 2013c). These amounts of electricity were 

then multiplied with the estimated future electricity prices,    to calculate the total electricity costs and 

operation costs. Table 2, 3, 4 and 5 in Appendix 2 shows the coverage ratios for each specific heat pump 

type, demanded energy for an average house in Sweden, the estimated future electricity prices for each 

heat pump system and the assumed COP values. 

         
           

    
        

                                    

          

                   

Where the coverage ratio,    is either            or             . 

The comparison was then made by replacing the heat pump system with an electric boiler, assuming that 

the electric boiler would be able to cover the as much heat as the heat pump. The electric boiler was 

assumed to have a     of 1. 

4.5.2.3 Maintenance costs 

The maintenance costs, was estimated from the data from Folksam, LFAB and SVEP. The used data was 

for faults that accrued in 2008 and 2010. Due to of lack of data from the statistics of Folksam, other years 

were not included.  

Firstly, the total cost of faults was summed up for 2008 and 2010 separately. This was then divided by the 

market share of Folksam and LFAB to estimate the total cost of faults for the whole market,        . 

        was then divided by the number of heat pumps installed,        in the Swedish market for each 

type,  . The numbers of heat pumps in the market was calculated with help from SVEPs sales data (see 

Appendix 1). All sales from 1993-2008 and 2010 was summed up to estimate the numbers of heat pumps 

in the market. The estimated total heat pumps in the market were then compared with the statistics of 

Energimyndigheten, which were close to each other.  

          

              

           
  

              

           

 
      

               

              

           
  

              

           

 
      

          was then assumed to be the expected cost of faults per year for each heat pump type throughout 

its lifetime. 
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4.5.2.4 Salvage costs 

The salvage cost,          was estimated with the help from Jan-Erik Nowacki. The cost is added as a 

total cost in the LCCA. The estimated costs were 8000kr for the heat pump and 6000kr for the electric 

boiler. The salvage cost was then calculated to the net present value. Due to longer lifetime of the electric 

boiler in comparison to the heat pump, the calculation of the net present value was made for 30 years. 

4.5.2.5 CO2 emission 

From the environmental perspective the LCCA is based on the total CO2 emission of the used electricity 

in each heating system. The emission from manufacturing the heating systems is excluded in the 

calculation. Firstly, the used electricity for each heating system,       was multiplied with the amount 

missioned CO2 per produced kWh in the Nordic electricity market,      which was 0,1kg/kWh. This was 

then multiplied with the lifetime of the heating system to calculate the total CO2 emission,         . The 

values of assumed lifetimes for the calculations are shown in table 6 in Appendix 2.  

                                 

4.5.2.6 Net present value 

After detecting all costs for the heat pump, they have to be discounted back to the initial year. This can be 

done by using the net present value. The main idea is to calculate all cash flows in the future years to the 

value of today (year 0). 

The net present value for a cash flow can be defined as: 

     ∑
  

      

 

   

        

Where   is discount rate,   is the year that the cash flow accrued,    is net cash flow at year   and   is the 

total number of periods in years. (Skärvad & Olsson, 2013; Andersson, Ekström, Enqvist & Jansson, 2009) 

4.5.2.7 Discount rate 

The discount rate that was used in the calculations was 2 %, which is the inflation goal for the Swedish 

National Bank. (Riksbanken, 2014)  

4.6 Assumptions 

The main assumptions made during this study are listed as followed: 

 According to Folksam, the company has around 25 % of the house home insurance, which 

should mean that they have 25 % of the heat pump market in Sweden. When the cost of faults 

and market value ratio was calculated this assumption was made. (Folksam, 2010) 

 According to LFAB, the company has around 30 % of the house home insurance, which should 

mean that they have 30% of the heat pump market in Sweden. When the cost of faults and 

market value ratio was calculated this assumption was made. (LFAB, 2010) 

 When calculating the amount of installed heat pumps in Sweden the assumption that all heat 

pumps installed from 1993 is still active. 

 The maintenance cost for the electric heater is negligible, hence they are under 4kr and that is 

probably larger than the margin of error for this project. 

 The assumption that all heat pumps cost the same from 1993 to 2013 was made due to difficulties 

to estimate the price back in time. 
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 Air to air selling statistics from SVEP was missing for 2012 and 2013. The assumption that the 

selling at year 2012 and 2013 was the same as 2011 was made. 

 The maintenance cost that the customers (except the deductible) pay is neglected, due to 

difficulties to estimate that cost. 

 The electricity bought Nord Pool. 

 The deductible cost is 1500kr per fault. 

4.7 Limitations 

The limitations with this study are: 

 Only fault costs from insurance companies Folksam and LFAB 

 No cost of faults during the warranty from the manufacture companies was included in the study 

 No cost of faults (except the deductible) that is paid by the users themselves 
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5 Results and discussion 
This part will present all the results of this study. The results can mainly be divided into two parts. The 

first part will present the results of the calculation of cost of faults divided with the market value for the 

heat pumps in Sweden. The second part will present the LCCA for all heat pumps compared to the 

electric boiler. 

5.1 Cost of faults divided with market value 

The cost of faults divided with the market value for each heat pump type during year 2008-2013 are 

presented in figure 12, 13, 14 and 15. Figure 16 presents the cost of faults divided with market value for 

the whole Swedish heat pump market. The Y-axis represents the ratio between         and    in net 

present value for the given year on the X-axis. Table 3 shows the estimated market value for each heat 

pump type during year 2013. 
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Figure 12. Cost of faults divided with market value for brine to water heat pump, year 2008-2013 

 

Figure 13. Cost of faults divided with market value for air to air heat pump, year 2008-2013 

 



-30- 

 

 

 

 

 

0,0%

0,1%

0,2%

0,3%

0,4%

0,5%

0,6%

0,7%

0,8%

0,9%

2008 2009 2010 2011 2012 2013

C
fa

u
lt

s/
M

V
a
ir

-w
a
te

r 

Year 

0,0%

0,1%

0,2%

2008 2009 2010 2011 2012 2013

C
fa

u
lt

s/
M

V
e

x
h

a
u

st
 a

ir
 

Year 

Figure 14. Cost of faults divided with market value for air to water, year 2008-2013. 

 

Figure 15. Cost of faults divided with market value for exhaust air, year 2008-2013. 
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Heat pump type Market value 

Brine to water 39 billion kr 

Air to air 5 billion kr 

Air to water 8 billion kr 

Exhaust air 10 billion kr 

Total 62 billion kr 

 

5.2 Discussion of the results of the cost of faults divided with market value 

Before discussing the graph, it has to be considered that the total cost of faults for the Swedish market for 

year 2008 and 2010 is estimated from the market share of both Folksam and LFAB. The total cost of 

faults for year 2009, 2011, 2012 and 2013 is estimated by the market share of LFAB, due to lack of data 

from Folksam. However LFAB have a market share of 30%, which should result in a good estimation of 

the total cost of faults for the whole market in Sweden.  

As shown in figure 12-15, the heat pump faults for every type had a relatively big increase during year 

2008-2010. After 2010, the analysis must be done for each heat pump type itself, because the trend of 

each graph is different. From 2010 to today, we can in general see that the cost of faults decreases, with a 

few exceptions. This is in line with what Toneby mentioned in the interview when discussing insurance 

models and the cost of faults. (Toneby, 2014) The discussion will now be made for each type of heat 

pump. 

5.2.1 Brine to water 

In general, the brine to water heat pump has been stable during last three years, from the perspective of 

the cost of faults related to the market value. The highest value of the ratio was during year 2010. The 

reason behind that value could be weather conditions. The winter 2010 was relatively cold and the faults 

could be related to that (SMHI, 2011). This is in line with what Partanen mentioned during an interview 

when discussing the cost of faults from LFAB’s perspective. (Partanen, 2014) After 2010 figure 12 shows 

a decrease and the ratio starts to get relatively constant. 
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Figure 16. Cost of faults divided with market value for total heat pump market, year 2008-2013 

 

Table 3. Estimated market values for each heat pump type, year 2013 
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5.2.2 Air to air 

Compared to the brine to water heat pump, the air to air heat pump, in figure 13, follows a similar trend. 

However, the trend is more distinct. It has a high increase from year 2008 to 2010, which is also the most 

costly year. The highest ratio of cost of faults and market value for all heat pumps were during 2010 for 

this type. The reason behind the high value of the ratio could be, like mentioned for brine to water heat 

pump, the weather conditions. After 2010 the graph shows a big decrease and by 2012 and 2013, the ratio 

is even lower than the value of 2008, which is promising for the future of this type of heat pump. 

5.2.3 Air to water  

Compared to the other types of heat pumps, the trend of air to water is different. The increase from year 

2008 to 2010 cannot only be explained with weather conditions. This because of, as seen figure 14, the 

ratio is still high (and even higher for 2012) after 2010. Reasons behind this trend could be more technical 

issues, which is worth investigating. 

5.2.4 Exhaust air 

As seen in figure 15, the exhaust air heat pump has the most stable trend for the ratio during year 2008-

2013. The trend is similar to brine to water and air to air heat pump, with the highest ratio in year 2010. In 

comparison to the other types of heat pumps, the results in figure 12-15, also show that exhaust air has 

the lowest cost of faults in relation to the market value.  

Overall, when discussing the result it has to be considered that the time span of five years can be too short 

to draw any clear conclusions. To make definitive conclusions, the study has to observe a longer time 

perspective. The present trends could be temporary. Most important: the ratio between the cost of faults 

and market value has to be compared to other heating system and similar industries, for example: 

electronics or cars. 

5.3 Different methods to analyze the market value  

The market value in this study can be estimated in a different way, for example by not taking the 

installation cost into account or having a different lifetime span. The method chosen for calculating the 

market value provides different key values, which is important to notice when comparing the ratio to 

other industries. Different methods can give different results. A sensitive analysis has been made, where 

the parameters in the market value changes.   

The calculated cost of faults divided by the market value for the heat pumps could be used to compare 

with the same key value for other industries. Because the market value is a big part of that result, it is 

important to observe how it reacts when varying the parameters. As described in the method, the original 

model used was based on having depreciation rates which directly depending on the heat pump’s lifetimes.  

The first chosen model for the sensitive analysis is based on LFABs depreciation model for heating 

systems. According to Partanen, the depreciation model LFAB use for heat pumps is like following: two 

years with no depreciation rate, and thereafter 10 % per year for all heat pump types, except for the air to 

air heat pump which has a rate of 15 % per year (Partanen, 2014).  

The second chosen model for the sensitivity analysis is based on the same model from LFAB. However, 

in this case, the installation cost is not included in the calculation. In reality, the insurance companies do 

use the installation cost as a part of their valuation. The reason why the installation costs are excluded in 

the second alternative model is that it will present a result that may suit future comparison better. By not 

including the installation cost, the results will be applicable for comparing to other industries and products 

which has no installation costs.  
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Figure 17-20 shows the cost of faults divided with market value with the first alternative model, based on 

the depreciation rates from LFAB for all heat pump types, during year 2008-2013. Figure 21 then shows 

the cost of faults divided with market value with the same alternative model for the whole heat pump 

market during year 2008-2013 and table 4 shows the estimated market value during year 2013. Figure 22 

shows the cost of faults divided with the market value for the whole market with the second alternative 

model, excluding installation costs, year 2008-2013 and table 5 shows the estimated market value 

excluding installation costs, during year 2013. 
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Figure 17. Cost of faults divided with market value for brine to water with alternative model, year 2008-2013 

 

Figure 18. Cost of faults divided with market value for air to air with alternative model, year 2008-2013 
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Figure 19. Cost of faults divided with market value for air to water with alternative model, year 2008-2013 

 

Figure 20. Cost of faults divided with market value for exhaust air with alternative model, year 2008-2013 
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Heat pump type Market value 

Brine to water 31 billion kr 

Air to air 5 billion kr 

Air to water 9 billion kr 

Exhaust air 7 billion kr 

Total 52 billion kr 

Figure 22. Cost of faults divided with market value excluding installation costs for total heat pump market with second alternative model, year 2008-2013 

 

Figure 21. Cost of faults divided with market value for total heat pump market with alternative model, year 2008-2013 

 

Table 4. Estimated market values for each heat pump type using the alternative model, year 2013 
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5.3.1 Discussion of the alternative models 

The results from the sensitive analysis, seen in figure 17-21, shows a similar trend for the whole heat 

pump market, in comparison to the results from the first method, shown in figure 12-16. However, key 

values of cost of faults divided with the market value are slightly higher for the alternative model. The 

reason behind this is the estimated market value. The alternative model, based on LFABs depreciation 

rates has higher depreciation rates than those used in the first model. This will then decrease the market 

value, which means that the key value will increase. However, as already mentioned, the trend for the heat 

pumps are still the same, for example the alternative models still have a relatively higher cost of faults 

related to the market value during year 2010. By observing the results from table 3 and 4, it can be seen 

that the market value differs with 10 billion kr from the first method to the alternative method. 

The second sensitive analysis was made with the same depreciation rates as in the alternative method. 

However, the installation costs of the heat pump systems were excluded and the results of this method 

can be seen in figure 22. The estimated market value for the second alternative model is shown in table 5. 

By comparing to the earlier values, in table 4, it shows that when excluding the installation costs, the 

market value will decrease with more than a half of the market value when including the installation costs.  

Observing each type of heat pump, it can be seen when comparing table 4 and 5, that the brine to water 

heat pump has the biggest difference in market value. The reason behind this is that the installation costs 

are a big part of the total investment cost. Around 60 % of the total investment cost is installation costs 

for brine to water, while the other types of heat pump has an installation cost of around 30 % or less. The 

results from the second alternative method is, as mentioned, most suitable when comparing key values of 

the heat pumps to other products that do not have installation costs. 

  

Heat pump type Market value 

Brine to water 9 billion kr 

Air to air 4 billion kr 

Air to water 7 billion kr 

Exhaust air 5 billion kr 

Total 25 billion kr 

Table 5. Estimated market values, excluding installation costs, for heat pumps using the second alternative model, year 2013 
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5.4 Life cycle cost analysis of each heat pump type 

This part of the result will present the LCCA for each heat pump type. Firstly, a LCCA template for each 

heat pump type will be presented, including the investment cost, electricity used per year, maintenance 

cost per year and salvage cost. The operation cost is presented as electricity used per year, because of 

different estimated electricity prices per year. The operation cost was calculated by multiplying the 

electricity used per year with the corresponding electricity price each year. The prices used was estimated 

by Sommerfeldt, see table 4 in appendix 2. The cash flows will then be summed for each type of heat 

pump. Each heat pump type is compared to an electric boiler that delivers the same amount of energy.  

5.4.1 Brine to water 

The results for the brine to water heat pump are shown in figure 23- 25. The LCCA template for the brine 

to water heat pump is shown in figure 23. The LCCA template for the electric boiler (in comparison with 

brine to water) is shown in figure 24. The LCCA for brine to water heat pump and electric boiler is shown 

in figure 25. 

Brine to water Insurance 
companies 

Users 

Investment cost at year 0, 
            
Price 
Installation 

Drilling 
 
Total 

 

 

 

 

 
42 000 kr 
42 000 kr 
42 000 kr 

 
140 654 kr 
 

Electricity used per year,       
Heating 
Hot water 

Total 

 

 

 

 

3750 kWh 
1250 kWh 
5000 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 
164 kr 

 

 

 
 

42 kr 

 
 

Salvage cost at final year,          

Salvage 
 

  
8000 kr 

 

 

 

Investment Operating
M: Cost of

faults
M: Deductible Salvage

Brine-water 140 654 kr 191 350 kr 3 113 kr 795 kr 5 491 kr

Electric boiler 37 500 kr 717 563 kr 0 kr kr0 3 312 kr

0 kr

100 000 kr

200 000 kr

300 000 kr

400 000 kr

500 000 kr

600 000 kr

700 000 kr

800 000 kr

C
o

st
 [

S
E

K
] 

Electric boiler Insurance 
companies 

Users 

Investment cost at year 0,             
Price 

Installation 
 
Total 

 
 

 
 

 
30 000 kr 
7500 kr 

 
37 500 kr 

Electricity used per year,       
Heating 

Hot water 
Total 
 

 
 

 
14 250 kWh 
4500 kWh 

18 750 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 
0 kr 

 
 
0 kr 

Salvage cost at final year,          

Salvage 

 

  

6000 kr 

Figure 23. LCCA template for brine to water heat pump 

 

Figure 24. LCCA template for electric boiler compared to brine to water heat 

pump 

 

Figure 25. LCCA for brine to water heat pump 
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5.4.2 Air to air 

The results for the air to air heat pump are shown in figure 26- 28. The LCCA template for the air to air 

heat pump is shown in figure 26. The LCCA template for the electric boiler (in comparison with air to air) 

is shown in figure 27. The LCCA for air to air heat pump and electric boiler is shown in figure 28. 

 

Air to air Insurance 
companies 

Users 

Investment cost at year 0, 

            
Price 
Installation 
Total 

 

 

 

 

 
16 000 kr 
8000 kr 

24 000 kr 

Electricity used per year,       

Heating 
Hot water 

Total 
 

 

 

 

3971 kWh 
0 kWh 
3971 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

160 kr 

 

 
36 kr 

Salvage cost at final year,          

Salvage 
 

  
8000 kr 

 

 

 

  

Investment Operating
M: Cost of

faults
M: Deductible Salvage

Air-air 23 832 kr 75 004 kr 1 602 kr 364 kr 6 563 kr

Electric boiler 37 500 kr 255 015 kr 0 kr kr0 3 312 kr
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Electric boiler Insurance 
companies 

Users 

Investment cost at year 0,             

Price and installation 
Installation 
Total  

 

 
 

 
30 000 kr 

7500 kr 
37 500 kr 

Electricity used per year,       

Heating 

Hot water 

Total 
 

 

 

 

13 500 kWh 

0 kWh 
13 500 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

0 kr 

 

 
0 kr 

Salvage cost at final year,          

Salvage 
 

  
6000 kr 

Figure 26. LCCA template for air to air heat pump 

 

Figure 27. LCCA template for electric boiler compared to air to air heat pump 

 

Figure 28. LCCA for air to air heat pump 
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5.4.3 Air to water 

The results for the air to water heat pump are shown in figure 29-31. The LCCA template for the air to 

water heat pump is shown in figure 29. The LCCA template for the electric boiler (in comparison with air 

to water) is shown in figure 30. The LCCA for air to water heat pump and electric boiler is shown in 

figure 31. 

Air to water Insurance 
companies 

Users 

Investment cost at year 0, 

            
Price 
Installation 
Total 

 

 

 

 

 
81 000 kr 
27 000 kr 

108 000 kr 

Electricity used per year,       

Heating 
Hot water 

Total 

 

 

 

 

4355 kWh 
1452 kWh 
5806 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

504 kr 

 

 
81 kr 

Salvage cost at final year,          

Salvage 
 

  
8000 kr 

 

 

 

 

  

Investment Operating
M: Cost of

faults

M:

Deductible
Salvage

Air-water 108 006 kr 147 135 kr 6 553 kr 1 048 kr 6 184 kr

Electric boiler 37 500 kr 481 460 kr 0 kr kr0 3 312 kr
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Electric boiler Insurance 
companies 

Users 

Investment cost at year 0,             

Price 
Installation 
Total 

 

 
 

 
30 000 kr 

7500 kr 
37 500 kr 

Electricity used per year,       

Heating 
Hot water 

Total 
 

 

 

 

14 250 kWh 
4750 kWh 
19 000 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

0 kr 

 

 
0 kr 

Salvage cost at final year,          

Salvage 
 

  

6000 kr 

Figure 29. LCCA template for air to water heat pump 

 

Figure 30. LCCA template for electric boiler compared to air to water heat 

pump 

Figure 31. LCCA for air to water heat pump 
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5.4.4 Exhaust air 

The results for the exhaust air heat pump are shown in figure 32-34. The LCCA template for the exhaust 

air heat pump is shown in figure 32. The LCCA template for the electric boiler (in comparison with 

exhaust air) is shown in figure 33. The LCCA for exhaust heat pump and electric boiler is shown in figure 

34. 

 

 

 

 

 

 

  

Investment Operating
M: Cost of

faults

M:

Deductible
Salvage

Exhaust air 64 691 kr 105 245 kr 1 211 kr 328 kr 5 944 kr

Electric boiler 37 500 kr 326 260 kr 0 kr kr0 3 312 kr
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Exhaust air Insurance 
companies 

Users 

Investment cost at year 0, 

            
Price 
Installation 
Total 

 

 

 

 

 
53 000 kr 
11 000 kr 

65 000 kr 

Electricity used per year,       

Heating 

Hot water 

Total 
 

 
 

 
2419 kWh 

1129 kWh 
3548 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

81 kr 

 

 
22 kr 

Salvage cost,          

Salvage 
 

  
8000 kr 

Electric boiler Insurance 
companies 

Users 

Investment cost at year 0,             

Price 
Installation 
Total 

 

 
 

 
30 000 kr 

7500 kr 
37 500 kr 
 

Electricity used per year,       

Heating 
Hot water 

Total 
 

 

 

 

7500 kWh 
3500 kWh 

11 000 kWh 

Maintenance cost per year,  

Fault costs,         

Deductible,         
 

 

0 kr 

 

 
0 kr 

Salvage cost,          

Salvage 

  
6000 kr 

Figure 32. LCCA template for exhaust air heat pump 

 

Figure 33. LCCA template for electric boiler compared to exhaust air heat 

pump 

Figure 34. LCCA for exhaust air heat pump 
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5.4.5 CO2 emission 

The result of the LCCA from the environmental perspective can be seen in figure 35.  

 

 

5.5 Discussion of the LCCA 

This part will focus on discussing the results from the LCCA. Firstly, short comments will be given on the 

data. Thereafter, the results will be discussed separately from the perspectives of insurance companies, 

users and environment. Last, a few recommendations will be given to the current market. 

5.5.1 Investment costs 

The investment costs for the heating system is taken from the data of SVEP. These costs are fixed values 

that represents the cost for an average small house in Sweden. Depending on what capacity that is 

demanded and the chosen heat pump’s manufacture, the cost can vary. 

5.5.2 Electricity price 

The operation cost is a big factor in the LCCA. It mainly depends on the future electricity price, which is 

very hard to predict. Variation of the electricity price will have a big impact on the final result of the 

LCCA. 

5.5.3 Maintenance costs 

The maintenance costs for the heat pump and the electric boiler were calculated in the same way. The 

results show that the maintenance costs for the electric boiler was 6kr in total, which is lower than the 

margin of error in this study. Therefore it was neglected in the LCCA. 

5.5.4 Insurance companies 

The main costs for the insurance companies is the cost of faults. The results of this study show that the 

electric boiler is undoubtedly the most profitable one for the insurance companies. The electric boiler has 

almost no cost of faults compared to the cost of faults that generated by the heat pumps. Therefore it is 

no surprise that the insurance companies prefer that their customers have an electric boiler instead. As 

mentioned in the literature survey, the Swedish model does not make any difference between different 

Heat pump 9500 3971 7548 5323

Electric boiler 36100 13500 23400 16500
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Figure 35. CO2 emission for heat pump in comparison to the electric boiler 
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heating systems when pricing the home insurance. The insurance companies will therefore have lower cost 

and the same revenue if their customers choose to have an electric boiler instead of a heat pump.  

If the insurance companies consider the cost of faults for heat pump too high, they can either go back to 

the former model that LFAB used for home insurance or implement the same insurance models as in 

Switzerland. Earlier when one had to sign a home insurance in LFAB, the insurance company made a 

difference between altered heating systems (Partanen, 2014). Heat pump owners were given a discount 

compared to owners of oil boilers, because the heat pump had lower fault costs. Another solution could 

be to implement the same insurance model as in Switzerland and Germany, where they divide the 

insurances in parts and add-ons can be signed to cover more expensive things. In this case, the add-on can 

be priced differently for each heating system.  

The first solution that differs between the heating systems in the insurance model is probably more likely 

to be implemented. That is because the whole Swedish home insurance model has to change to implement 

the second solution. That is not likely because the insurance for the heating systems is just a small part of 

the total business model for the insurance companies. The first solution will only change the way of 

pricing the insurance model, which is more likely. 

5.5.5 Users 

The main factors for the user of a heating system are the investment and the operating costs. As seen in 

the results, the investment costs are higher for the heat pump (except for air to air) than for the electric 

boiler. Reasons behind this are for example: more components, higher complexity or higher installation: 

for example drilling the holes for the brine to water heat pump and make space in a wall for the air to air 

heat pump. 

Operation costs, which are defined as the cost of the electricity needed, will in this case be higher for the 

electric boiler. The heat pump system demand less electricity for producing the same amount of heat in 

comparison to the electric boiler, which makes the operation costs much higher for the electric boiler than 

for the heat pump. In general, a customer that has a heat pump will pay three times less operation costs 

than when having an electric boiler. The longer the heat pump keeps going in addition to the estimated 

lifetime and the higher the future electricity prices are, the more the user will save. 

The presented operation costs are based on estimated future electricity prices and would therefore give an 

approximation on the real value. The electricity price in the future is very hard to predict and it will also 

have a big impact on the final result of the LCCA. Important to keep in mind is that the higher the 

electricity prices are in the future, the more profitable the heat pump will be compared to the electric 

boiler.  

A third cost for the user is the cost of the deductible when reporting a fault. This cost is, however, 

relatively low and is sometimes even paid by the manufacturers when extending their guarantee. In this 

study it was assumed that the user pays all the deductible costs due to the difficulties to estimate the 

amount of users that have the extended guarantee. It is noteworthy that the deductible can vary a bit, 

depending on what the users pay the manufacturers to sign the extended warranty.   

5.5.6 Environment  

It is well known that the world needs to lower its greenhouse gases emissions. Since heating is a big part 

of the total energy used in Sweden, it is crucial that the supply always aims to have as little impact on the 

environment as possible. This discussion will focus on the environmental, economic and social 

perspective of sustainable development of study made.    
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From the results of this study, it can be confirmed that the heat pump system is more sustainable than the 

electric boiler, from the electricity usage perspective (see figure 35). The heat pump system demands more 

than three times less electricity for heat production compared to the electric boiler. This will have less 

impact on the environment during the lifetime of the heat pump and the electric boiler. Noteworthy 

though, is that that the electric boiler in general has a longer lifetime. Due to the shorter lifetime of the 

heat pump system, it has to be replaced more often than the electric boiler. This raises the question if 

replacing the heat pump system will lead to more emission in production and during salvage, which is up 

to further investigation.  

From the economic perspective of sustainability, it is crucial to look at the results from a long term 

perspective. Even though having a high initial cost, a heating system can save money in the long run. 

From the results in figure 25, 28, 31 and 34, it can be said that the heat pump, looking at the entire lifetime, 

is more profitable.  

Social sustainable development aims to build a sustainable and dynamic society in long term, where 

fundamental needs are fulfilled. The heat pump system fulfils the same needs as the electric boiler. 

However, the heat pump system surpasses the electric boiler in the long run, from both economic and 

environmental perspective of sustainable development.  

5.5.7 Recommendations to the heat pump market 

In order for the insurance companies to lower their cost they have to make demands on the heat pump 

chain, from the start towards the manufacturing companies to the reparations of the heat pump. They also 

have to collaborate, for example by sharing data and information in order to identify recurrent faults.   

The interview done in this study with experts within the insurance market has shown that a lot of faults 

could be avoided with a proper installation. That is also underlined by SPs report on heat pumps. 

(Haglund Stignor, et. al, 2012) Sometimes the installation is done wrong and the dimension of the heat 

pump does not satisfy the needs of the house. 

Currently in Sweden, there is a lack of refrigerant technicians (Haglund Stignor, et. al, 2012). Only 

refrigerant technicians have the right to repair some parts of the heat pump. This means that other 

technicians when repairing a heat pump sometimes change the whole component instead of only the parts 

that are broken. This leads to unnecessary costs for the insurance companies. To avoid this type of 

situation, the market needs to invest in education of more refrigerant technicians with the right knowledge.  

When installing or repairing a heating system the technicians use an installation and reparation protocol 

that will be sent to the insurance companies as a fault report. (Partanen, 2014; Toneby, 2014) Currently, 

these protocols do not fulfil the demands, due to insufficient information from the technicians. Therefore, 

the most important thing is to require an installation and repairing protocol from the technicians that 

fulfils the criteria of the insurance companies. The insurance companies should favor those technicians 

who take time to fill them out. They should also do sampling to filter out the unreliable technicians. To 

make it possible, the insurance companies could write some demands in the contracts that require a 

refrigerant technician and a full installation and preparation protocol in order for them to cover the costs. 

The demand can change the process of fault identification, see figure 5, in the sense that the user will 

contact the insurance company instantly after identifying a fault. The insurance companies can then 

recommend licensed refrigerant technicians to repairs the fault.   

The solution of the technical issues could also be a system that simplifies the fault detection process. If the 

technicians use the same system to detect and diagnose the faults, it will standardize the process. 

According to Hatef Madani, researcher at Royal Institute of Technology, the university is developing a 

system for heat pump faults called Smart Fault Detection and Diagnosis (SFDD) for heat pumps. The 
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main purposes are to detect and minimize installation errors, avoid unnecessary visual inspections and 

component replacement. 
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6 Conclusions and future studies 
This part will list the conclusions made in this study and give a few suggestions on future studies in the 

same subject. 

6.1 Conclusions 

From the results and the discussion, following conclusions can be made: 

 The cost of faults in relation to the market value for the total heat pump market was undoubtedly 

highest in year 2010 in comparison to other years. 

 Exhaust air heat pump has the lowest ratio of cost of faults related to the market value comparing 

to other types of heat pump. 

 The trend of the curve for the cost of faults related with market value for the total heat pump 

market has the same behavior regardless of which one of the three chosen methods to estimate 

the market value.  

 The heat pump system is more environmental friendly during its lifetime, in comparison to the 

electric boiler. 

 For the insurance companies; the electric boiler is to be preferred, due to lower cost of faults, 

compared to the heat pump system. 

 From the users’ perspective; the heat pump is to be preferred, due to lower total costs, compared 

to the electric boiler, during the lifetime of the heat pump. 

 Observing the total CO2 emissions during the lifetime of the heat pump, the heat pump is 

preferred over the electric boiler from the environmental perspective. 

6.2 Future studies 

The subject of this study is relatively new and more research can be done. Here follows a list of 

recommended future studies:  

 From the first part of the result, where the key value of cost of faults divided by the market value 

for heat pump is calculated, the value can be compared to the same key value for other heating 

systems and other industries, for example district heating, cars and electronics.  

 Due to lack of data, a longer time span should be observed. The same kind of study can be done 

again after a few years to evaluate if the trend of cost of faults related to the market value has 

changed.  

 In the sensitive analysis, a couple of methods to estimate the market value were tested. This can 

be taken even further, by identifying other methods that are based on other assumptions and 

models. 

 This study focused on the heat pump and the electric boiler. However, a LCCA can be made on 

other heating systems, for example district heating. The LCCA can also be made from other 

perspectives than those considered in this study.  

 The environmental perspective of the LCCA can also include other aspects, for example 

emissions and environmental affection during production and salvage.   
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Appendix 2 

 

Heating system                          
Brine to water  42196 kr 84 392 kr 140 654 kr 

Air to air  16 249 kr 7583 kr 23 832 kr 

Air to water 80 514 kr 27 492 kr 108 006 kr 

Exhaust air 53 441 kr 11 250 kr 64 691 kr 

Electric boiler 30 000 kr 7000 kr 37 000 kr 

 

 

Heat pump type                     

Brine to water  95 % 95 % 

Air to air  90 % 0 % 

Air to water 90 % 90 % 

Exhaust air 50 % 70 % 

 

 

 Energy demand 

Heating 15 000 kW 

Hot water 5000 kW 

Electricity 5000 kW 

Total 25 000 kW 

 

 

 

 

Heat pump type COP values 

Brine to water  3,8 

Air to air  3,4 

Air to water 3,1 

Exhaust air 3,1 

 

 

 

 

Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 
Electricity 

price 

1,50 

kr/kWh 

1,57 

kr/kWh 

1,65 

kr/kWh 

1,72 

kr/kWh 

1,80 

kr/kWh 

1,88 

kr/kWh 

1,96 

kr/kWh 

2,02 

kr/kWh 

2,07 

kr/kWh 

 

Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Electricity 

price 

2,10 

kr/kWh 

2,12 

kr/kWh 

2,14 

kr/kWh 

2,15 

kr/kWh 

2,16 

kr/kWh 

2,15 

kr/kWh 

2,15 

kr/kWh 

2,15 

kr/kWh 

2,14 

kr/kWh 

Heat pump type    

Brine to water  19 years 

Air to air  10 years 

Air to water 13 years 

Exhaust air 15 years 

Table 1. Total investment cost for a heating system (SVEP, 2013c) 

 

Table 3. Energy demand for an average house in Sweden (Energimyndigheten, 2012) 

 

Table 4. Estimated future electricity prices (Sommerfeldt, 2014) 

 

Table 5. Assumed COP values for each heat pump type 

 

Table 2. Coverage ratios for heating and hot water for each heat pump type 

 

Table 6. Assumed lifetimes for each heat pump type (SVEP, 2013c) 

 


