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Sammanfattning 

Byggnadssektorn har den näst största outnyttjade och kostnadseffektiva potentialen för 

energibesparingar efter själva energisektorn. Energieffektiviseringar har därför en avgörande 

roll för att uppnå de potentiella energibesparingarna inom denna sektor. Trots detta möter 

energieffektiviseringsåtgärder inom bostadssektorn många utmaningar som hämmar dess 

utveckling. De främsta hindren för husägarna har varit tillgång till kapital, höga 

räntekostnaderna samt att det saknas lämpliga finansieringsmekanismer som främjar 

initiativet att göra bostadssektorn mer energieffektiv. Syftet med denna avhandling är därför 

att analysera svårigheterna och eventuella fördelarna för banken vid finansieringen av 

energieffektivitetsåtgärder för småhus. Målet är att ge användbar kunskap till banken om 

investeringar inom energieffektivisering för att bättre kunna bedöma riskerna med dessa 

investeringar samt kunna utveckla lämpliga finansieringsmodeller för dessa åtgärder. 

Detta har utförts genom en fallstudie hos Swedbank i Sundbyberg, Sverige. Studien bestod av 

både kvantitativ och kvalitativ datainsamlingsmetod. Den kvalitativa metoden har använts för 

att analysera räntesättningsprocessen och för att förstå hur energieffektiviseringar påverkar 

husvärderingen. Den kvantitativa metoden användes för att identifiera de mest 

rekommenderade åtgärderna för småhus. Detta för att sedan kunna beräkna och analysera 

lönsamheten av dessa åtgärder utifrån ett ekonomiskt och miljömässigt perspektiv. 

Resultaten av denna studie tyder på att investeringar i energieffektiviseringsåtgärder har unika 

egenskaper som skiljer sig från andra blancolån, så som kostnadsbesparingar, ökat 

fastighetsvärde samt minskning av miljörisker. Dessa egenskaper bör integreras i den aktuella 

räntesättningsprocessen för att kunna främja implementeringen av 

energieffektiviseringsåtgärder. Resultaten visade även att de flesta åtgärderna hade låg eller 

negativ nettokassaflöde under de första åren. På kortsikt blir det därför svårt för hushållen att 

se den ekonomiska lönsamheten av dessa investeringar. Banken kan främja investeringar i 

energieffektiviseringsåtgärder genom att justera den nuvarande finansieringsmodellen för att 

bättre passa egenskaperna av dessa typer av investeringar.  

Nyckelord: Energieffektivitet, hållbarhet och bankutlåning, finansieringsmekanismer, 

fastighetsvärdering. 
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Abstract 

The building sector has the second largest untapped and cost-effective potential for energy 

savings after the energy sector itself. Energy efficiency improvements have therefore a 

fundamental role in achieving the potential energy savings in this sector. Yet, energy 

efficiency improvements in the residential sector face numerous challenges that hamper the 

development of this sector. The main barriers facing homeowners have been the access to 

capital and high interest expenses. There are also no appropriate financing mechanisms that 

promote the initiative of making the residential sector more energy efficient. The aim of this 

thesis is hence to analyze the difficulties and the potential benefits related to financing energy 

efficiency measures in one- and two-dwelling buildings. The objective is to provide useful 

knowledge for the bank about the nature of energy efficiency investments in order to better 

assess the risks and construct suitable financing models for these measures.  

This has been done by conducting a case study at Swedbank in Sundbyberg, Sweden. The 

research design consisted of both a quantitative and qualitative data collection methods. The 

qualitative method was used to understand the process of setting the interest rate of a loan and 

to understand how energy efficiency measures affect the value of a house. The quantitative 

method was used to identify the most recommended measures for one- and two-dwelling 

buildings in order to calculate the viability of the energy efficiency measures in terms of 

economic and environmental aspects.   

The results indicate that energy efficiency investments have unique characteristics that differ 

from other unsecured loans, such as cost savings, increase the value of a house and reduce the 

environmental risks. These characteristics should be integrated into the current interest rate 

pricing model in order to promote the implementation of energy efficiency measures. The 

results also indicate that most of the measures provided low or negative net cash flow in the 

first few years. This makes it difficult for households to see the economic viability of energy 

efficiency investments in the short term. Banks can promote investments in energy efficiency 

measures by adjusting the current funding model to better suit the characteristics of these 

types of investments.  

Key-words: Energy efficiency, sustainability and bank lending, financing mechanisms, 

property value. 
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GLOSSARY 

Basel 1 - A set of international banking regulations put forth by the Basel Committee on Bank 

Supervision, which set out the minimum capital requirements of financial institutions with the 

goal of minimizing credit risk. Banks that operate internationally are required to maintain a 

minimum amount (8%) of capital based on a percent of risk-weighted assets. 

 

Basel 2 - A set of banking regulations put forth by the Basel Committee on Bank Supervision, 

which regulates finance and banking internationally. Basel II attempts to integrate Basel 

capital standards with national regulations, by setting the minimum capital requirements of 

financial institutions with the goal of ensuring institution liquidity. 

Basel 3 - A global regulatory framework established by the Basel Committee. Basel 3 

agreement for the banking sector includes guidelines on e.g. capital adequacy, leverage ratio 

and liquidity regulation. Basel 3 is a further development of the second Basel.  

Loan to value ratio, LTV - The ratio of the amount of money borrowed over the appraised 

value of the home expressed as a percentage 

Unsecured loans - A loan that is issued and supported only by the borrower's 

creditworthiness, rather than by a type of collateral. 

Mortgage cap - On 1 October 2010, the Financial Supervisory Authority introduced a 

mortgage cap. It basically means that new loans with housing as collateral, must not exceed 

85 percent of the market value.  

Capital Requirements Directive, CRD – Is an EU Directive that specifies EU requirements 

on the size of the capital base which credit institutions need to meet any losses that a credit 

institution may suffer from (the capital). The requirements are based on the Basel 2 rules. 

Discount Rate - The discount rate refers to the interest rate used in discounted cash flow 

(DCF) analysis to determine the present value of future cash flows. The discount rate in DCF 

analysis doesn’t only take into account the time value of money, but also the risk or 

uncertainty of future cash flows; the greater the uncertainty of future cash flows, the higher 

the discount rate. 

Energy efficiency, EE - Is a way of managing and restraining the growth of energy 

consumption. Something is more energy efficient if it delivers more services for the same 

energy input, or the same services for less energy input. 

Energy conservation - Refers to reducing energy consumption through using less of an 

energy service. Energy conservation differs from efficient energy use, which refers to using 

less energy for a constant service. 

http://en.wikipedia.org/wiki/Energy_consumption
http://en.wikipedia.org/wiki/Efficient_energy_use


 

 

Energy performance certificate, EPC -Tell how energy efficient a building is and give it a 

rating from A (very efficient) to G (inefficient). EPCs let the person who will use the building 

know how costly it will be to heat and light, and what its carbon dioxide emissions are likely 

to be. The EPC will also state what the energy-efficiency rating could be if improvements are 

made, and highlights cost-effective ways to achieve a better rating.  
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1. INTRODUCTION 

The aim of this section is to provide a brief introduction to the underlying background and the 

problem formulation as well as present the objective and research question of this study. 

Finally the delimitations and the disposition of the study are presented. 

1.1 Background 

The European Union came to an agreement at the European Council in 2007, that by the year 

of 2020 the European countries shall have reduced greenhouse gas emissions by 20%, 

increased the share of renewable energy to 20% and made a 20% improvement in energy 

efficiency (EE) (European Commission, 2010). The energy saving potential in the building 

sector has been widely recognized, especially through the refurbishment of existing buildings 

(Bio Intelligence Service et al., 2013). According to the European commission (2013), the 

building sector accounts for approximately 40% of the final energy consumption in the 

European Union and represents the second largest untapped and cost-effective potential for 

energy savings after the energy sector itself. The Swedish Parliament has also established a 

goal to reduce the energy consumption in the building sector by 50% until 2050 (Stockholm 

action plan, 2012). EE improvements have therefore a fundamental role in achieving the 

climate targets (European Commission, 2014), however EE improvements face numerous 

barriers that hamper the development of this sector.  

The biggest barriers facing consumers wanting to implement EE measures in their houses is 

the access to capital (Brownlee, 2013). The initial investments for the EE measures usually 

require loans, which banks often consider as high-risk loans and therefore only lend out as 

unsecured loans with high interest (Bierth et al., 2010; Brownlee, 2013; De T’serclaes, 2007). 

The higher investment costs can therefore be the determining factor as some of the 

homeowners cannot get the necessary loans or fear that interest costs will significantly reduce 

the capital saved (Environment and Health Administration, 2012). The high interest rates have 

made it more difficult for households to get EE measures to become profitable in the short 

term (Ljung, 2012). 

Traditional lenders such as banks are not normally used to assess the risk of investments in 

EE, and may therefore be reluctant to provide financing. Furthermore, EE investments are 

often perceived as risky as the actual energy savings might be difficult to forecast 

(Economics, 2012). However, a well-regulated and transparent banking system can provide 

the debt finance that is a critical element to implement sustainable development goals. Banks 

can provide “sustainable” or “green” lending all across the spectrum of economic activity - 

not only through large infrastructure projects - which is instrumental in the pursuit of EE 

goals. An increasing amount of banks are trying to get a clearer understanding about how to 

raise their net positive impact on the environment and society, specifically by providing 
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financial solutions for greening processes and activities across all sectors of the economy 

(UNEP et al., 2015).  

The experience from several projects has revealed that it requires significant effort in terms of 

time and capital to set the right institutional framework and enabling environment to convert 

the EE potential into real investments. This can be done through innovative structuring and 

financial engineering of deals that help address the risks and barriers of EE investments. 

Banks need therefore to understand the nature of the EE businesses, the opportunities and 

risks, in order to develop suitable financing products, marketing strategies, develop suitable 

assessment methods and determine reasonable default projections. The success factor to these 

programs is to provide the participating institutions i.e. banks with clear incentives to actively 

participate and to demonstrate the viability of this market (Sarkar & Singh, 2010). 

1.2 Problem Formulation  

The potential of EE in the building sector has not been fully captured even though there are 

numerous EE measures in the market that can make a house more energy efficient. The main 

barriers for the consumers have been the access to capital and high interest expenses. On the 

other hand, traditional lenders such as banks are not used to assess the risk of EE investments 

and have therefore no appropriate financing mechanisms that promote the initiative of making 

the residential sector more energy efficient. Furthermore, EE investments are usually 

perceived as risky as the actual energy savings might be difficult to forecast. Therefore, it will 

be of interest to investigate the benefits of EE investments for a bank in order to provide an 

understanding about the nature of EE investments and demonstrate the viability of this 

market. 

1.3 Objective and Research Questions 

The objective of this study is to analyze the difficulties and the potential benefits of financing 

EE investments in order to provide knowledge to the bank that is crucial when evaluating the 

risks and when constructing financing models for these measures. 

The thesis focuses on answering the following research question: 

 How can financial institutions promote energy efficiency measures in the residential 

sector while still maintaining profitability? 

 

The research question has been broken down into the following sub questions: 

 How viable is the EE measures in terms of economic and environmental aspects? 

 How would a financing model be constructed for the energy efficiency measures? 



3 

 

1.4 Delimitations 

In order to have narrow focus and conduct in depth analysis, it is vital to have delimitations.  

Financial institutions consist of several institutions such as commercial banks, investment 

banks, insurance companies etc. This thesis is limited to mainly focus on banks as they are the 

leading institute that finances mortgage loans and the EE measures are in turn related to 

homeowners with mortgage loans. 

The main research question aims to investigate how financial institutions can promote EE 

measures in the residential sector. There are many ways to promote EE measures, but this 

study has chosen to focus on the method of interest rate setting as it has a large impact of the 

profitability of the EE investments which in turn can inhibit the development of this sector.    

There are many different houses within the building sector. This study will only focus on one- 

and two-dwelling buildings due to the complexity of the ownership structure in the multi-

family residential sector and other buildings, where the decision making lies on the 

community of owners. As the prices of one- and two-dwelling buildings vary in different 

cities, this study will only examine one- and two-dwelling buildings in the capital of Sweden, 

Stockholm, in order to provide consistent results. 

The EE measures can vary in terms of investment costs where there are EE measures that do 

not require financing, for example switching to energy efficient light bulbs. This study will 

only focus on measures that require financing from a bank, which often are measures that are 

related to thermal comfort. This study will only focus on existing one- and two-dwelling 

buildings with the potential to reduce energy consumption and not on newly constructed 

houses as many of these are already built with new heating systems that do not require any 

upgrading. 
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1.5 Disposition 

The introduction has covered the subject of the research, the reason to why it is of interest, the 

objective of conducting the research and the research questions. The following chapter will 

discuss the method of how the research question was approached and how the overall research 

was conducted. This is followed by a literature review that was necessary to cover the subject 

and answer the research questions. Thereafter an overview of the residential housing stock in 

Sweden was made in order to identify the potential of the market. In the next chapter, the data 

about a typical house is presented as well as the results from Marginal Abatement Cost 

Curves (MAC curves) and the sensitivity analysis. This is followed by an analysis of the 

results together with the empirical and literature findings. Finally a conclusion is drawn and 

followed by a discussion about the limitations and contributions of the research, implications 

on sustainability and future research. The disposition is illustrated in Table 1. 

Table 1. Disposition of the report including the main topics in each chapter. 

 

Conclusion 

Implications on sustainability Limitations and Contributions Future Research

Analysis

Financing Energy Efficiency Energy performance and property value The viability of EE measures

Energy Efficiency in a typical single-family house

Data of the selected house   Selected measures Calculations MAC curve result Sensitivity analysis

Overview of Residential Housing Stock 

Overview of Residential Housing Stock

Theoretical framework

Financing Energy 
Efficiency

Bank lending Energy performance and property values Energy prices The MAC curves

Methodology

Data Collection
Methodological 

Approach
Data analysis Research Design Ethical aspects Quality of Research

Introduction

Problem Formulation Objective and Research Questions Delimitations Disposition
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2. METHODOLOGY 

The purpose of this chapter is to present the choice of the methodological approach and the 

methods used for this thesis. The chapter starts with presenting the choice and the 

classification of the research and thereafter the used methods for collecting the data and data 

analysis. This is followed by a discussion about the quality of the research in terms of 

reliability, validity and generalizability. 

2.1 Choice of Methodological Approach 

Since this study investigates how financial institutions can promote EE measures in the 

residential sector while still maintaining profitability, the chosen methodological approach 

was a case study. A case study does not have a particular definition, but it has been used 

within many areas in order to explore a single phenomenon (the case) in a natural setting by 

using various methods to obtain in-depth knowledge (Collis & Hussey, 2014), which is the 

case for this thesis. The case study was conducted at Swedbank as they are one of the largest 

banks in Sweden and has one of the largest mortgage institutions. It was therefore of interest 

to examine one of the market leading banks and understand the pricing processes of different 

investments. 

A research can be classified according to its purpose, process, logic and outcome (Collins & 

Hussey, 2014). When classifying a research according to its purpose, the research can be 

categorized into four different types, namely exploratory, descriptive, analytical or predictive. 

An exploratory research is conducted into a research problem when there are very few or no 

earlier studies that can be referred to for information. The aim of this type of study is to look 

for ideas and patterns than test a hypothesis. A descriptive research goes further into 

examining an issue than exploratory research. The purpose of conducting a descriptive 

research is therefore to describe the phenomena as it exists. Analytical or explanatory research 

is a continuation of the descriptive research and aims to analyze and explain why and how a 

phenomenon is happening. A predictive research goes even further than an explanatory 

research and aims to generalize from the analysis through predicting certain phenomena 

(Collins & Hussey, 2014). According to the objective of this study, and that this research aims 

to provide answers to “how”-related questions, which is of an explanatory/analytical nature, a 

case study was the suitable methodology (Yin, 2009). It is explanatory as the research aims to 

analyze the difficulties of financing EE measures and it will be built on existing literature in 

order to understand, analyze and explain how the phenomenon is happening. 

In order to classify the research according to its process, there are two types of research: 

qualitative and quantitative. A qualitative research is based on collecting qualitative data 

(interviews etc.), and then analyzing the data using interpretative methods. The quantitative 

research is instead based on collecting quantitative data (archive, published source etc.)  
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and/or quantifying qualitative data, and then analyzing it through statistical methods (Collins 

& Hussey, 2014). In order to address the research questions, multiple research methods 

(qualitative and quantitative) have been used for the data collection. In order to understand 

how EE measures affect a house’s value and get a rich and contextualized understanding 

about the financing processes, a qualitative approach was an appropriate method to use. The 

purpose of this approach is not to examine whether the information is of general validity, but 

to get a deeper understanding of the complexity of the problem being investigated (Holme, 

1997). In order to gather data about the EE measures, a quantitative data collection was 

conducted. It was considered as more suitable approach as the purpose was to identify the 

possible EE measures for one- and two-dwelling buildings. 

In order to classify the research according to its logic, the research can be categorized into two 

types of research: deductive or inductive research. A deductive research describes a study 

where a conceptual and theoretical structure is developed which will then be tested through 

empirical observations. In other words, the deductive method refers to moving from the 

general to the particular. The inductive research describes a study where the theory is 

developed through observation of an empirical reality. The inductive research is therefore 

opposite to the deductive method, where general inferences are induced from particular 

instances (Collins & Hussey, 2014). Since the research will firstly focus on the viability of EE 

measures in terms of economic and environmental aspects and thereafter focus on how a 

financing model should be constructed for these measures, the study will follow an inductive 

approach as the research goes from specific instances to more general principles. 

To classify the research according to its outcome, the research can be categorized into two 

different research types: Applied or basic research. An applied research is a study designed to 

apply its findings to solving a specific and existing problem while the basic research describes 

a study designed to make a contribution to theoretical understanding and general knowledge 

rather than solving a specific problem (Collins & Hussey, 2014). Since this study aims to use 

the findings to solve the financing issue regarding EE retrofits, the research can be classified 

as applied. The methods used will be discussed in the coming sections. Another method that 

was considered was benchmarking. The benchmark would provide the researchers an insight 

to how other banks support EE in existing housing. However, lack of time and uncertainty 

about the possibility to find a suitable bank that responds resulted in the method being 

discarded. The duration of this study was nineteen weeks. 

2.2 The Research Design 

The research design is a logical sequence that connects the empirical data to a study’s initial 

research questions and finally to its conclusion (Yin, 2009). The study was initiated by 

creating a problem formulation, the purpose and the research questions that would shape the 

research design. The problem formulation was shaped through discussion with representatives 
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from the department of Group Operational Sustainability at Swedbank. The problem 

formulation was then discussed with a supervisor from the department of Sustainability and 

industrial dynamics at KTH. In addition to this, an initial pre-study in the literature was made 

to get an overview about what has been done regarding the research subject. This stage gave 

the researchers a guideline over the information that needed to be covered and with that the 

literature review was initiated. During the literature review, it became clear that there was a 

knowledge gap in the literature that needed to be fulfilled empirically. The knowledge gap 

was the combination of all aspects related to financing EE investments, such as banks’ 

benefits and risks, the viability of EE measures and a sensitivity analysis of the results in 

relation to the bank and the homeowners. Due to the complexity of the problem, the 

researchers had to combine and collect various materials from different stakeholders. The 

empirical data was therefore collected through interviews and publicly available data, which 

is also known as archival data.  

Throughout the entire study, an iterative process was conducted where the problem 

formulation, the objective, the research questions and the literature review was improved after 

new findings from the empirical study. The process of the thesis writing was progressing 

simultaneously throughout the entire research time as the data was collected and the analysis 

was developed, see figure 1.               

  

 

 

Figure 1. Shows an illustration of the research design. 
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2.3 Data Collection  

In order to fulfil the purpose and answer the research questions of this study, several methods 

for gathering the data have been used. The data was collected through literature review, 

interviews with Swedbank and real estate brokers, and archival data collected from National 

Board of Housing and Swedish Energy Agency Energy Calculator. 

2.3.1 Literature Review 

The literature review provides an analysis of what is already known about the phenomenon 

that is to be studied and also identifies gaps and deficiencies in the existing body of 

knowledge (Collis & Hussey, 2014). The literature review has been the foundation to better 

understand the investigated subject as well as to support the analysis and the findings. 

Throughout the entire study the literature review has been a continuous process in order to use 

it as a base in the analysis. The purpose of the literature review has been mainly to gather a 

comprehensive overview of the existing knowledge within the area of financing energy 

efficiency, bank and sustainable lending and the effect of energy efficiency on the value of a 

house.    

The data collection of the literature was mainly from sources such as scientific articles, books 

and relevant documentations. The literature review has been collected from different 

databases such as KTHB, Harvard Business Review, Emerald, Google Scholar, Sciencedirect 

and others. The main key words used for the literature search: “Energy efficiency”, 

“Sustainable and Bank lending”, “Energy Conservation”, “Retrofit financing”, “Interest rate”, 

“Financing mechanisms”, “Property value” and “Residential buildings”. Those keywords 

helped the researchers to identify the frequently cited authors and articles relevant to this 

study.  

2.3.2 Interviews  

One of the primary sources for collecting data was through semi-structured interviews, which 

was the qualitative part of the data collection. A semi-structured in-depth interview consists of 

open-ended questions with other questions emerging from the dialogue between the 

interviewer and the respondent. This approach of conducting interviews is mainly used in 

qualitative research (DiCicco-Bloom & Crabtree, 2006). In order to understand the process of 

setting the interest rate of a loan, three interviews were conducted with experts within the 

lending products and real estate department at Swedbank. Another interview was made with 

the same department of lending to discuss the results obtained from the quantitative study. 

This interview helped the researchers to interpret the results from the bank's perspective. 

Group Lending is responsible for all lending products including product management, 

development and delivery as well as governance of the whole lending process from start to 

end. Furthermore, seven interviews with real estate brokers were conducted in order to 
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understand and estimate how much the value of a house changes through EE measures. These 

interviews were collected through semi-structured in-depth interviews. The interviewee’s 

names are anonymous in order to protect their identities. The interviewees are listed in table 2. 

Table 2. The list of interviewees. 

 

2.3.3 Archival Data 

Another primary source of collecting data was through Energy performance certificates 

(EPCs), which is the quantitative part of the data collection. EPC is a tool for assessing the 

energy performance of a building and for informing concerned individuals and the public 

about possible improvements to the building performance. The EPCs for one- and two-

dwelling buildings are required when the house is new, up for sale or rent, or when the 

homeowner so wishes. A Swedish EPC is valid for 10 years and contains information about 

actual energy consumption, radon content, recommended improvements and information 

about what measures have been carried out since the last assessment (Högberg, 2013).  

The EPC assessment is carried out by a qualified, accredited assessor on the initiative of the 

homeowner. The assessor then models the energy consumption using values from the building 

inspection, which results in a value for the standardized primary energy consumption of the 

building for average climate and household conditions. The results are reported to 

homeowners and to the National Board of Housing, Building and Planning (NBHBP) 

(Högberg, 2013), which is the source the authors received the data from. The NBHBP is the 

Interviewee         Company              Title 

A1 Swedbank 
Business Developer, Swedish Lending 

Products 

A2 Swedbank Strategic analyst at Group Lending 

B Swedbank 
New production coordinator Real Estate & 

Accommodation 

C Fastighetsmäklarna Real estate broker 

D Fastighetsbyrån Real estate broker 

E Fastighetsbyrån Real estate broker 

F Fastighetsbyrån Real estate broker 

G Fastighetsbyrån Real estate broker 

H SkandiaMäklarna Real estate broker 

I SkandiaMäklarna Real estate broker 

J Swedbank Product Owner Mortgage 
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authority responsible for implementing the EPCs in Sweden. The purpose of the archival data 

was to identify the most recommended measures for one- and two-dwelling buildings in order 

to calculate the viability of the EE measures in terms of economic and environmental aspects.   

2.4 Data Analysis 

2.4.1 Interviews 

The data received from the interviews were firstly transcribed in order to get an overview over 

the content that had been discussed with the interviewees. Transcription refers to the process 

of reproducing spoken words, such as those from an audiotaped interview, into written text 

(Halcomb & Davidson, 1994). The transcribed data was then reduced, which refers to the 

process of selecting, focusing, simplifying and transforming the data in order to collect 

information where relationships of interest exist (Miles & Huberman, 1994; Collis & Hussey, 

2014).  Before and during the data collection stage a theoretical framework was taking form, 

which provided the researchers with necessary categories where the data was fitted and 

discussed (Collis & Hussey, 2014).  

2.4.2 Analysis method of archival data  

The collected data regarding EE measures was applied on a typical house in Stockholm that 

was chosen as an example in order to evaluate the measures from the same baseline. The 

choice of the example house will be discussed in chapter 5. The Energy Agency Calculator 

was used in order to calculate the annual cost and energy savings of implementing different 

measures. The Energy Agency Calculator is a calculation program that shows the reduction in 

household expenses, energy usage and carbon emissions of various measures (Energikalkylen, 

2015). The data was then analyzed through MAC curves, which is a tool used to understand 

and prioritize investment opportunities (Vogt-Schilb & Hallegatte, 2014). MAC curves was 

the most appropriate tool as it takes into account several factors such as initial investment, 

energy prices, cash flows, technical lifetime etc. These aspects were important to evaluate EE 

measures in terms of profitability, conserved energy and payback time.  

The method used to analyze the EE measures is the net present value (NPV), see formula 1. 

The NPV method has been used in order to calculate the difference between the costs (cash 

outflow) and benefits (cash inflow) of each measure in terms of cash today. The NPV of an 

investment is the difference between the present value of its benefits and the present value of 

its costs (Berk & DeMarzo, 2014). 

NPV = PV(Benefits) – PV(Costs) (1) 
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The NPV simplifies decision making as it is expressed in terms of cash today. A positive 

NPV of a project is considered as valuable investment. NPV decision rule is expressed as 

(Berk & DeMarzo, 2014, p.67):  

“When making an investment decision, take the alternative with the highest NPV.  

Choosing this alternative is equivalent to receiving its NPV in cash today.” 

When the NPV is precisely zero, the investor will not gain nor lose by accepting the project 

rather than rejecting it. It does not increase value, but it is not a bad project either because it 

does not reduce firm value (Berk & DeMarzo, 2014). The formula used to calculate the 

profitability of each measure is defined below (2). 

 
1
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i
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    (2) 

Where the Valuei represents the net cash flow that consists of the cost savings, the 

amortization amount and the interest expenses in each year, see formula (3). 

         1   1
i

Value E P D F A I A i B              (3) 

Table 3 below explains all the abbreviations in the formula. 

Table 3. Shows description of all abbreviations used in the formula. 

Abbreviation Description 

I Initial investment [SEK] 

n The total number of periods [Years] 

i The time of the cash flow [Years] 

P Energy price [SEK/KWh] 

D Energy price development [%] 

 ∆𝑬 Saved energy per year [KWh/year] 

R The rate of discount over the length of one period [%] 

B Bank interest rate [%] 

F Inflation [%] 

A Amortization amount per year [SEK/Year] 

 

In the calculations it has been assumed that a homeowner will borrow the entire amount of 

investment to finance an EE measure. Therefore, it has been assumed that the borrower will 

repay the loan during the lifetime of the measure. Since the homeowners fear that the interest 
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costs will severely reduce the amount of the energy cost savings (Environment and Health 

Administration, 2012), it has been assumed that the annual interest expenses together with the 

amortization amount will reflect the yearly cash outflow. The annual energy cost savings 

reflect the cash inflow. In this way, it will be easier to assess the impact of the interest rate on 

the profitability of each measure. A positive NPV of a measure reflects the saved cost amount 

after paying the loan and the interest expenses.  

Discount rate 

The discount rate refers to the interest rate used in discounted cash flow (DCF) analysis to 

determine the present value of future cash flows (Investopedia, 2015). The actual procedure is 

called NPV calculation or discounting and is made by using a discount rate. When the 

discount rate is determined, all future costs and benefits are taken to a present value and 

compared with the initial investment costs. The discount rate should reflect the required return 

that an investor has on an investment. The argument is based on if the energy investment is 

not made, the capital would be used to other investment alternatives. The return from the best 

of these investment alternatives represents the discount rate (Boverket, 2013). Therefore, the 

choice of discount rate is important. 

A household that is planning to make an investment in an EE measure must assess if it is 

profitable to invest in a technology that leads to reduced energy consumption. It may for 

instance involve an investment in triple-glazed windows, replacement of a heating system etc. 

This means that the household must weigh the cost of capital arising from an investment in 

energy efficient technology against the expected value of the energy savings when making the 

investment. In order to assess whether the investment is profitable or not, it also requires an 

understanding of the alternative return that can be obtained from the capital investment. The 

alternative return is often referred to as a discount rate or yield. Given a discount rate the 

household can discount future energy savings and relate these to the initial investment. The 

higher the discount rate is, the less emphasis is placed on the future costs and incomes. A high 

discount rate implies that energy savings must be relatively large for the investment to be 

profitable (Swedish Energy Agency, 2010). For technologies where a large investment cost 

occurs at the start of a project and the benefits accrue over time, they will be more economic 

if the discount rate is lower (Kesicki & Ekins, 2012). 

According to The Economist (2008), homeowners require high discount rates on EE 

improvements. Many argue that high discount rate is irrational where others studies state that 

the high discount rate is caused by the uncertainty and variability of the future savings from 

EE improvements (Kooreman, 1995; Bierth et al., 2010). The uncertainty about the savings 

that result from the investment and the lifespan of EE improvements will apply on the 

discount rate to compensate for the level of risk (Bierth et al., 2010). De T’serclaes (2007) 

states that the overall problem of EE investments is that they do not fit the traditional financial 
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toolbox: of evaluation method of the investment and do not provide standard way of factoring 

in the risk. 

Heier (2013) argues that a homeowner does not have the same economic framework and 

compare rarely profitability against a stipulated profitability requirement in the form of a 

discount rate. The profitability requirements that might exist are instead related to the interest 

rate the house owner pays on a bank loan. Investments in EE measures have usually similar 

risk characteristics as typical private sector investments. In theoretical terms, this assumption 

encourages the use of a 6% discount rate (Howarth, 2004). The interest rate expenses have 

been calculated separately (cash outflow) and will therefore not be reflected in the discount 

rate. In this study, the discount rate will reflect the risks of the investment in terms of 

uncertainty of future savings and the return on alternative investments. The discount rate has 

therefore been tested in rates of 4%, 6% and 8%.  

2.5 Quality of Research 

There are three aspects that have to be taken into consideration in order to increase 

trustworthiness in a study. These three aspects are validity, reliability and generalizability. 

2.5.1 Reliability  

Joppe (2000, p.1) defines reliability as “The extent to which results are consistent over time 

and an accurate representation of the total population under study is referred to as reliability 

and if the results of a study can be reproduced under a similar methodology, then the research 

instrument is considered to be reliable”. In other words, the generated results should be the 

same if other researchers perform the same experiment under the same conditions.  

In this study, the researchers have conducted seven interviews with different brokers in order 

to generate a reliable result of the increased value of detached house. The researchers found 

that seven interviews were enough to provide reliable results, as the results were almost 

similar right from the first few interviews. The researchers have also compared the results 

with previous conducted studies to ensure the consistency of the results. By examining the 

issue from two different sources, the result can be considered as highly reliable.  

In order to create knowledge about the process of setting the interest rate, the researchers have 

conducted interviews with three experts within Swedbank. Three experts can be considered as 

reliable due to the methodology of setting interest rates is predetermined and cannot be 

affected by the respondents. The data was also compared with relevant scientific articles 

about setting interest rates. The data about energy performance was gathered from the 

National Board of Housing and Swedish Energy Agency energy Calculator. In other words, 

the data was gathered from two different sources in order to ensure the consistency of the 

data. 



14 

 

2.5.2 Validity 

According to Joppe (2000, p.1) “Validity determines whether the research truly measures that 

which it was intended to measure or how truthful the research results are”. In other words, 

validity refers to whether the measurements are relevant in the context. The interviews in this 

study were conducted with relevant respondents within respective field. For instance, the 

interviews about the process of setting interest rates were conducted with experts within this 

area. The interviews about the valuation of houses were conducted with real estate brokers.  

The data on energy performance in Stockholm houses was collected from the National Board 

of Housing and Swedish Energy Agency energy Calculator. The data from the National Board 

of Housing has been conducted by experts within energy performance in houses and are 

documented according to Energy Performance Certificates (EPCs) regulations. The data from 

Swedish Energy Agency energy Calculator is a web-based calculator recommended by the 

Swedish Energy Agency to all real estates including one- and two-dwelling buildings. In this 

calculator it is possible to put all the aspects that are relevant to one's own house. 

2.5.3 Generalizability 

Generalizability is concerned with the fact to what extent the results and the study can be 

generalized (Collis & Hussey, 2014). The study was limited to the capital of Sweden, 

Stockholm. The results of the interviews with the brokers regarding the development of house 

prices due to implementing EE measure can therefore not be generalized. The change in house 

prices might vary in different cities and this can therefore lead to different results 

The results obtained from interviews with Swedbank about interest rate setting can be 

generalized to some extent. Swedbank is Sweden’s largest bank in number of customers and 

has also a leading position in other markets such as Estonia, Latvia and Lithuania. Swedbank 

can therefore be considered as a representative of the financial sector in Sweden and the 

Nordic countries. The components within the model of interest rate setting are universal and 

can therefore be generalized. On the other hand, different banks might value the components 

within interest rate model differently.  

The results regarding EE measures cannot be generalized due to several factors. The 

calculations were based on a typical one- and two-dwelling building in Stockholm with 

predetermined assumptions such as the energy performance of the house, living area and 

construction year. Different assumptions could therefore lead to different results. The results 

can also not be generalized geographically due to factors like weather conditions which could 

lead to different results, for instance measures like solar panels could be more profitable in a 

country with more insolation.  
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2.6 Ethical Aspects  

The study was conducted at Swedbank and one of the conditions that had to be fulfilled, if the 

study was to be authorized by Swedbank, was to sign a nondisclosure agreement (NDA). The 

NDA is a legal contract between the researchers and Swedbank. Furthermore, the non-

disclosure of the interviewees’ names was also an important aspect for the researchers. Only 

the researchers are aware of what a specific interviewee has said. Third parties will not be 

able to track an answer back to a certain interviewee. The non-disclosure of the names is also 

applied on the interviews with the real estate brokers. This is why all interviewees have been 

given notations such as “Interviewee C” or “Interviewee D”. 
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3. THEORETICAL FRAMEWORK 

The aim of this chapter is to present relevant findings from the literature review to provide the 

reader an understanding about different aspects of this study. The chapter begins with an 

introduction about relevant barriers of financing EE. Next, findings regarding the lending 

system and interest rate setting are presented. This is followed by finding about the 

relationship between energy performance and property value, EPCs and energy prices. 

Lastly, the method of evaluating different measures is presented. 

3.1 Financing Energy Efficiency  

According to Kaza et al. (2014) EE measures has progressed from the margins to the 

mainstream in recent years, but many households are deterred by large initial costs and longer 

repayment periods. They are therefore missing significant opportunities to implement cost-

effective energy saving measures in their homes. The solution to this obstacle would be 

financing these projects.  

The ability to take advantage of cutting energy costs by making buildings more efficient has 

been around for decades, but to capture the full potential of this opportunity continues to defy. 

EE retrofits require a substantial up-front capital outlay (often for a home-owner of the same 

order of magnitude as the purchase of a car) and meets financing challenges (Sweatman & 

Managan, 2010). As homeowners do not have much interest in switching to a less expensive 

heating alternative, the large investment costs can be the deciding factor where some of the 

homeowners cannot get the necessary loan or fear that interest costs will significantly reduce 

the amount saved (Stockholm action plan, 2012). Ljung (2012) argue that the high interest 

rates have made it more difficult for households to get EE measures to become profitable in 

the short term. 

According to Brownlee (2013) the first and the biggest barriers facing consumers to 

implement EE measurement in their houses is the access to capital.  Energy retrofit 

investments require upfront capital costs that rely on energy cost savings to pay back the 

investments. In order to make the upfront investments many residents require debt financing 

which banks typically lend out only as high interest unsecured loans. In addition, the length of 

the repayment period and attractiveness to the residents depend in significant measure of 

financing costs (Bierth et al., 2010). Brownlee (2013) argues that even if a third-party for 

financing was available, they may be prohibitively expensive. Even when an energy saving 

can improve residents financial situation it is difficult to obtain affordable financing or any 

financing at all especially for lower income household and individuals with weaker credit 

(Brownlee, 2013; T’serclaes, 2007). 
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Even though an extending amount of literature points out the financing barrier for the 

residential EE, little has been done. According to De T’serclaes (2007) commercial banks 

prefer investments that are safe and highest in terms of return on investments. Sweatman & 

Managan (2010) refer also to this barrier and claim that banks want to see stable and 

predictable cash-flows at known and manageable risk. They argue that the main obstacle is 

that banks are so far not technical experts in the EE field and requires a track record of 

performance of EE retrofits in order to become comfortable with and lend against the retrofit 

asset’s energy savings value-stream. According to Economics (2012) the traditional lenders 

such as banks are not normally used to assess the risk of investments in EE, and may therefore 

be reluctant to provide financing. Banks perceive the EE investments as risky and refer to the 

difficulties of forecasting the actual energy savings (Economics, 2012). 

De T’serclaes (2007) claims that commercial banks are naturally keen on all investments that 

are easily replicable, and whose evaluation is standardized. Therefore, EE projects are not to 

meet any of the set criteria defined by financiers and ends up not knowing how to deal with 

those projects. The method for evaluating EE investments is still being debated.  There is still 

no appropriate discount rate for the evaluation of EE investments. The classical evaluation 

approach of EE measure deals with it as a standard investment where it reflects an initial 

financial expenditure followed by subsequent payoff. When following the classical 

investment view it makes sense to apply a high discount rate which reflects the riskiness of 

the future benefit flows. With this view in consideration, it can be argued that investing in EE 

measures actually reduce the risk by limiting the dependence on fuel-intensive technologies 

(De T’serclaes, 2007).  

3.2 Bank Lending  

The bank’s core business is to receive deposits and provide credit. The majority of deposits, 

39%, come from Swedish households. Foreign public accounted for 28% of the deposits and 

Swedish companies for 21%. Lending to the public in Sweden is primarily conducted through 

banks and mortgage institutions. The banks provide loans with different types of security as 

well as smaller unsecured loans. Banks, as well as mortgage institutions, also provide loans 

secured on homes and other buildings. Of total loans to the public, 33% goes to foreign 

borrowers, 32% to Swedish companies and 28% to Swedish households (Bankföreningen, 

2013; Finansinspektionen, 2015). Blöchlinger & Leippold (2006) argue that traditional 

lending practice has been to grant loans that provides a positive NPV and to deny those that 

do not. They claim that loans are often the primary source of credit risk for banking 

institutions. 

The bank charges for the risk taken i.e. a risk-adjusted income or called a risk premium. 

Financial institutions and banks determine to a great extent over which investments should be 

made in society (Törsleff & Silver, 2009). The banks interest rate setting of their deposits and 
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credits are mainly dependent on the rates prevailing on the money market. Other factors that 

affect the interest rate are creditworthiness of the borrower, the risk, the bank's funding costs, 

competition between credit institutions and competition between different saving and loan 

forms (Bankföreningen, 2013).  

3.2.1 The environmental impact of banking 

The banks affect the environment directly through its operations but also indirectly through 

their products and services. The products themselves do not pollute rather it is the users of 

these products who have the major impact on the environment (Thompson & Cowton, 2004). 

The environmental impact of banks’ external activities has therefore been difficult to estimate. 

Moreover, the bank would need to interfere in their clients activities in order to estimate and 

reduce the impact of their products. This is one of the reasons why banks have been reluctant 

to promote the external environmental concerns. 

The environmental relevance for banks came into recognition when several banks around the 

world signed the United Nations Environment Programme’s ‘Statement by Banks on the 

Environment and Sustainable Development’ (UNEP, 1992). The sustainable development has 

been defined as “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (Burton, 1987). The statement of UNEP 

recognizes that sustainable development have to be ranked as the highest priorities of banks as 

they are an important contributor towards its achievement. More precisely, the statement 

commits the banks to use best practices of environmental management in their internal 

operations and integrate environmental risks into the normal checklist for risk assessment and 

management. The potential link between bank lending and the environment are therefore 

recognized through this statement (Thompson & Cowton, 2004).  

There are also driving forces for banks to integrate sustainability within their business and 

corporate policies (Jeucken & Bouma, 1999). The external driving forces could be in form of 

pressure from customers, competitors, governments and society at large. Whether banks are 

responsible for the environmental pollution of their clients or not, the risks of clients are also 

the banks’ risks. An indirect environmental risk could be in form of new environmental 

legislation which could affect customers’ continuity and in turn the banks’ continuity 

(Jeucken & Bouma, 1999). A direct risk could take place when a bank takes possession of 

land that has been used as security for a loan. The land’s value could be significantly reduced 

if it has been contaminated as a result of polluting activities, possibly carried out by the 

parties who owned the land before the defaulting borrower. Finally, there are reputational risk 

in form of customer reaction and public criticism when the banks’ involves indirectly in 

environmental degradation. The above risks which possibly could be opportunities provide 

incentives for the banks to involve the environmental concerns as part of the credit assessment 

process (Thompson & Cowton, 2004). 
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3.2.2 Credit assessment  

Banks have the obligation under the Consumer Credit Act to carry out a credit assessment 

when a customer applies for a loan in order to assess a borrower’s ability to repay the loan 

and to cope with the costs related to the loan (Riksbanken, 2014). The law applies regardless 

of whether the loans granted against safety e.g. a house, or if the loan is granted without 

collateral. In both cases, the aim is to ensure that no money is lent to someone who is unable 

to repay the loan and to prevent the banks to engage in "massive lending" and increase the 

bank's stability (Villaägarna, 2010). 

The bank’s credit assessment is not fixed by law yet. The banks apply therefore different rules 

that are not public, but in most cases internal guide-lines are used. Most of the banks makes 

assessment based on the individual case including non-directly measurable variables, for 

instance if there are other loans in the household, the banks assessment will be affected as the 

requirement on income increases. Other loans that affect the assessment can be student loans, 

consumer loans, second mortgages etc. (Villaägarna, 2010). However, the banks are 

increasingly using credit scoring models to evaluate loan applicants. The objective of these 

models is to minimize the number of incorrectly classified loans and the default rates 

(Roszbach, 2004). Thomas et al. (2002) argue that the purpose of credit scoring techniques is 

to assess the risk in lending to a particular consumer. Blöchlinger & Leippold (2006) claim 

that the banks are mainly using credit scoring models and credit ratings to estimate the default 

risk on a single obligor basis. They argue that if there are many suppliers of loans in the 

market in which, by means of higher default prediction accuracy, one bank could have better 

knowledge of the quality of the loans than the competitors. The information advantage can be 

translated into better profitability figures. 

The banking market is almost similar to an oligopoly market at which they lend to the public. 

The banks’ lending rate is determined as a surcharge on their marginal costs. The factors that 

determine the lending rate are the internal rate of return, the product cost price, the price of 

the calculated credit losses and the price of the capital base cost. The contribution from the 

cost of financing to the lending rate is usually called the internal rate, internally within the 

banks. This constitutes the main part of banks' costs (Karlsson et al., 2009). A bank’s funding 

cost is the price it must pay to replace its liabilities. Banks have several of possible sources of 

funding available, including savers’ retail deposits, investors’ wholesale funding and the 

bank’s capital base (Beau et al., 2014). An increase of the funding costs can reduce a bank’s 

profitability if the bank decides to absorb the higher costs by leaving its loan rates unchanged. 

Otherwise, banks could choose to pass on an increase in funding costs to borrowers by 

increasing the rates charged on new lending. This higher cost of credit may possibly impact 

negatively on overall economic activity and, with higher costs of servicing debt, the number 

of borrowers that will be unable to repay their loans also might increase. This would raise the 

credit losses faced by the bank (Beau et al., 2014). 
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The product cost price refers to staff costs, taxes and other overheads. In addition, the banks 

require a compensation for the risk of credit losses. It is a measure of the expected losses that 

specifies how much the bank expects to lose in its current credit portfolio which must be 

covered through a surcharge of each loan. These expenses are referred to the price of the 

calculated credit losses. 

Another important factor is banks' capital base cost, which follow the statutory capital 

adequacy requirement and the requirements of the rating agencies that the banks at any given 

time should have sufficient equity. The rules governing banks' capital are largely determined 

by the so-called Basel framework. Among other things, these rules provide how much capital 

banks need to hold in relation to the size and level of risk in their assets. Simply put, the risk 

of the assets is measured by multiplying each asset, such as a mortgage, by a risk weight. The 

higher the risk asset is estimated to carry higher risk weight, the more capital banks need to 

hold as a buffer against potential losses on the assets (Riksbanken, 2014). 

3.2.3 Mortgage 

A mortgage differs from other loans where the property stands as collateral, or a pledge, for 

the loan. This means that, when a household cannot make interest and amortization payments 

on its mortgage, a bank has the right to let the property be sold through compulsory auction. 

This provides the bank the security of receiving the money it has lent, even if the borrower is 

no longer able to repay the loan (Riksbanken, 2014). 

In order to handle the risk linked with a mortgage, several banks divide mortgages into two 

parts, the first mortgage and the second mortgage. Finansinspektionen in 2010 introduced a 

mortgage cap where the first and second mortgage together should not exceed 85% of the 

value of the house. A household must therefore finance the remaining part. Figure 2 illustrates 

how the structure of a mortgage might appear for a household that borrows 85% of the price 

of a house and financing the remaining part, 15%, with its own capital. The exact allocation of 

first and second mortgages differs between different banks where this example illustrates only 

a borrower that borrows 85% of their house’s value (Riksbanken, 2014). 

 

Figure 2.  Example of how a household can finance a housing purchase (Riksbanken, 2014). 
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3.2.4 Unsecured loans  

Other loan products that a bank can provide are unsecured loans. Unlike mortgage loans that 

are issued and supported by borrower’s creditworthiness and the house as collateral, the 

unsecured loan is only supported by the borrower’s ability to repay the loan, creditworthiness. 

In order for the borrowers to be approved for an unsecured loan, they have to have high credit 

ratings. This loan has often higher interest rates than secured loans, such as mortgage, because 

it involves higher risk for lenders where it is not guaranteed by any type of property 

(Investopedia, 2015).  

In the Swedish law there is no limit on the size of unsecured loans for the individual borrower 

but it is up to the lender to determine the borrower's payment conditions (Andrén et al., 2003). 

Given that private loans lack formal agreements and collateral, loan can be seen as a kind of 

relationship agreements that are linked to trust between borrowers and lenders. The trust 

between the parties has both advantages and disadvantages that depend on the relationship, 

which in turn reflects how the contract is formed (Dezső & Loewnstein, 2012). 

3.3 Energy Performance and Property Value 

The word value can have many meanings and it is used in a variety of ways (Sayce et al., 

2010). Significant amount of research on the value of sustainability is causing considerable 

confusion in the market by using different concepts of value alternately in an effort to make 

sustainability seem more viable (Warren-Myers & Reed, 2010). The International Valuation 

standards Council (IVSC, 2015, Glossary) define “Market Value” as the following:  

“The estimated amount for which a property should exchange on the date of valuation 

between a willing buyer and a willing seller in an arm's‐length transaction after proper 

marketing  wherein  the  parties  had  each  acted  knowledgeably,  prudently  and  without 

compulsion.” 

Sayce et al., (2010) argues that market value is only one definition where value in its wider 

sense can reflect a number of characteristics which can be said to provide value, monetary or 

psychological, to people. In a perfect market, the price in exchange reflects all these qualities 

accurately. However, the real estate market is rarely perfect and even if the value may exist 

for one party, it will not always be fully reflected by transactional evidence (Sayce et al., 

2010). 

The relationship between EE and residential sale prices dates back to the 1980s where a body 

of work emerged (Fuerst et al., 2015). A large number of studies have found a positive 

relationship between energy-efficiency improvements and residential sale prices (Halvorsen 

& Pollakowski, 1981; Johnson & Kaserman, 1983; Laquatra, 1986; Dinan & Miranowski, 

1989; Gilmer, 1989).    
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More recently, a handful of studies that address and examine the willingness to pay for EE in 

residential dwellings have been published (Brounen & Kok, 2011 and Hyland et al., 2013). 

The Australian Bureau of Statistics (2008) was one of the first investigations that examined 

the effect of mandatory energy labelling on prices in the residential real estate market. The 

data was in the form of a sample on residential sales in the Australian Capital Territory for 

2005 using 2385 transactions and for 2006 using 2719 transactions where the study followed 

standard hedonic procedures. The Australian Bureau of Statistics (2008) estimated the effect 

of EE Rating (EER) on house prices. They estimated a premium of approximately 1% for 

every 0.5 increase in EER rating for 2005 and for 2006 the estimated premium was 

approximately 2% for every 0.5 increase in EER.  

In Switzerland, Banfi et al. (2008) studied households’ willingness to pay for more EE 

buildings. The results reveled that there was a willing from the respondents to pay an 

additional 8% for improved ventilations and 6-7% for facade insulation of the house value. It 

is worth mentioning that householders in the study were asked to choose between 

hypothetical options and their willingness to pay may be different when the decision is real.  

For the Netherlands, Brounen & Kok (2011) found that when examining the effect of energy 

ratings on house prices, large buildings were less likely to have an energy label and that label 

adoption tended to be associated with difficult selling conditions. The authors used a two 

stage selection model to look at the factors that influenced whether or not a home had an 

energy rating, and the effect the rating had on the price of those properties that were rated.  

The authors found that a positive rating had a significant positive effect on the transaction 

price of the property. The homes that were rated with A, B or C label were received as 

“green” and obtained a price premium of 3.7% ceteris paribus. Homes that were labeled with 

an “A” rating received a premium of 10.2% compared with similar homes with a “D” rating.  

Hyland et al. (2013) has conducted a closely related study to investigate the impact of EE 

ratings on capital and rental asking prices for dwellings in Ireland. The study followed a 

standard hedonic technique. The EE rating was only conducted for 5% of the homes that were 

for sale and 2.3% for rental. The selection bias was therefore controlled through Heckman 

procedure. For a sample of 15,060 dwellings on the market between 2008 and 2012, the 

results showed that there were a 9.3% price premium for “A” rated compared to “D” rated 

dwellings, 5.5% for a “B” rating and 10.6% discount for F and G ratings.  

Cajias & Piazolo (2012) investigated the effect of energy consumption on the financial 

performance of residential buildings in German residential markets. The hedonic results 

showed that 1% energy conservation increased market value by 0.45%. Kahn & Kok (2012) 

investigated the value of “green” labels in the California housing market and found that the 

“green” label provided a market premium compared to a comparable home without the label. 

A green labeled home added an average of 9% price premium to sale price versus other 

comparable homes.   
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3.3.1 The Swedish Case  

According to Högberg (2013), Sweden has adopted ambitious EE targets and energy 

standards in building and refers to the relatively strict codes of Boverket, 2009a; Prop. 

2008/09:163 and OECD/IEA (2008). A questionnaire survey of 3059 (response rate of 36%) 

homeowners that were selected by random sampling during the summer of 2008 by Nair et al. 

(2010) indicated that less than 30% of the respondents had planned to undertake building 

envelope measures in the form of new windows and attic or wall insulation in order to 

improve EE within the next ten years. In addition, the survey showed that economic 

instruments could be used to encourage homeowners to adopt building envelops EE measures 

because the respondents gave high priority to investment cost and annual energy cost when 

making such a decision.  

The National Board of Housing, Building and Planning (NBHBP), which is the responsible 

authority for implementing the EPCs, have conducted a preliminary evaluation of the EPC 

system in Sweden (Högberg, 2013). The study was conducted through telephone interview 

with 100 home buyers. 18% of buyers stated that the EPC were important to their choice of 

house, but it was also suggested that the information may have come to their attention too late 

in the process. 60% of buyers were given suggestions on energy savings by the EPC, 20% 

stated that the sellers had already implemented some of the suggestions. 78% had knowledge 

about the proposals previously, 62% perceived the proposals as profitable, and 60% had or 

planned to implement some or all proposals (Boverket, 2009b; Högberg, 2013). 

Högberg (2013) investigated the effect of energy performance on single-family house prices 

using a hedonic price analysis in Stockholm, the capital of Sweden. The results of Högberg 

indicated that home buyers did take into account the information available in the EPCs and 

placed a price premium on EE. 1% marginal effect decreased in standard energy consumption 

was an increase in selling price by an average of 0.044%. However, buyers required a 

discount on the selling price when there were recommendations on EE. Therefore, this gives 

more incentive to the sellers to improve EE prior to selling in order to reap the price premium 

rather than lose the value of the discount.   

Cerin et al. (2014) made a hedonic study on 67 600 houses, encompassing all households sold 

in Sweden during 2009-2010. The study found that there is a strong relationship between 

energy performance and house price per sqm. The houses with low transactions cost per sqm 

perceived 7% price premium while houses constructed before 1960 perceived 2% price 

premium. 

In summary, earlier studies indicate that there is a positive relationship between energy 

performance and selling price. However, when home owners make decisions related to energy 

standards, it is not always clear what mechanisms are at play. The factors that may have a 

possible impact on the decision are primarily energy costs and the initial investment cost but 
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it is worth mentioning that there are other factors that can be included such as uncertain future 

energy prices, ease of finding information and environmental benefits.  

3.3.2 Energy Performance Certificates (EPCs)  

The EU member states were required by the EU directive on the energy performance of 

buildings to implement energy performance certification schemes for residential properties by 

2009 (Cerin et al., 2014). The purpose is to make information about the energy performance 

of buildings more accessible and thereby create conditions for reducing energy consumption. 

Energy Performance Certificates provide information on the building's energy performance, 

ventilation systems and radon measurements. It will also provide guidance for the property 

owner of how the building energy performance can be improved through various measures. 

Energy performance certificates show how much a building consumes in a year and indicates 

a class that allows you to compare with other buildings. All buildings must have an EPC. It is 

valid for ten years and then it must be renewed (Swedish Energy Agency, 2015; Riksdagen, 

2015). 

When the information about the energy performance of properties are absent, the added value 

of a well-insulated building would not be reflected in the transaction price, which can have an 

effect on owners from making energy-saving improvements because they could not perceive 

an added value (Bio Intelligence Service et al., 2013).  

Akerlof (1970) refers to this problem as the information asymmetry where the sellers have 

more knowledge about the quality of a product than the buyer. Since it is impossible for a 

buyer to tell the difference between a good and a bad product, a good product or in this case a 

more energy efficient house must still sell at the same price as a bad one or a house that have 

a higher energy consumption. Therefore, information asymmetries between buyers and sellers 

lead to poor selection and may make it impossible to create an effective EE market. The EPCs 

were intended to solve this issue through making the information about the energy 

performance of buildings more accessible and allow the buyers to compare with other 

buildings (Swedish Energy Agency, 2015). 

Lancaster (1971) proposed a theory on consumer demand based on the principle that all goods 

possess characteristics or attributes that are demanded by the consumers, not the goods 

themselves. For example, consumers do not demand food in itself, but rather the nutrients and 

flavors in the food (Marcin, 1992). Energy labelling schemes provide the basic conditions for 

the buyers to take into account this dimension of a product. It would be more difficult to 

compare products on the energy basis in the absence of labelling schemes (Bio Intelligence 

Service et al., 2013). However, According to European Commission, information will only 

produce a value if energy performance is regarded as a significant attribute by buyers, or if 

sellers anticipate that it will become a salient attribute in the future (DG Energy, 2013). 
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3.4 Energy Prices  

The price of energy is crucial when determining how profitable it is for individuals and 

companies to improve EE. High energy prices provide incentives to reduce energy 

consumption while low leads to the reverse (Swedish Energy Agency, 2010). The cost of 

energy used is the single largest reason for implementing an EE measure.  As figure 3 shows 

the energy prices for domestic customers has been rising steeply after the year 2000, where it 

were relatively stable during the second halve of 1990s. Fuel prices and higher taxes on 

energy have been the main reasons for the rising prices for domestic customers. The Nordic 

Electricity Exchange, Nord Pool, determines the price of electricity in Sweden excluding 

network charges. Nord Pool sets a price, known as the spot price, for electricity on an hour by 

hour basis throughout the year. The price that domestic users pay for electricity is affected by 

the spot price (Swedish Energy Agency, 2012). 

 

Figure 3. Energy prices in the residential and service sector, 1996–2011 (Swedish Energy Agency, 2012). 

The retail price for electricity in Sweden can be divided into taxes including statutory charges, 

distribution charges and the actual electricity, see Figure 4. The taxes are the energy taxes, 

vat, electricity certificate fee, cost of emission allowances, as well as some smaller agency 

fees. Electricity supply fee is paid to the owner of the electricity networks in one area and 

usually consists of a fixed annual connection fee plus a variable cost per kWh delivered in the 

lines (Energiutskottet, 2013). 

Figure 4 shows the total electricity price trend from 1970 calculated for one- and two-

dwelling buildings with electric heating (20000 kWh/year, variable price, current prices). The 

electricity that the Swedish consumers paid during the last 40 years has been taxed more and 

more. More recently, the cost of electricity certificates and emission are included in price of 

electricity. In real prices, electricity prices have risen faster after the reregulation 

(Energiutskottet, 2013). 
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Figure 4. Total electricity price trend from 1970 for one- and two-dwelling buildings with electric heating (20 

000 kWh/year, variable price, current prices) (Energiutskottet, 2013). 

The impending transformation of the European electricity supply, which is 70% are produced 

by fossil fuels, which can have major consequences for the Swedish electricity prices despite 

the fact that the Swedish electricity supply is practically fossil. The European energy policy 

prioritizes the climate and security of supply. Paradoxically, Swedish consumers suffer from 

higher taxes and charges on carbon emissions through electricity market marginal cost 

pricing, which means that the price is usually determined by the price of fossil-based power, 

even though Sweden has a closest fossil-free power generation. The effect can be further 

accentuated as the Nordic electricity market is increasingly integrated into the European 

higher prices (Energiutskottet, 2013). 

The energy price forecasts for heating and district heating used in calculations has been 

developed by the Swedish Energy Agency and extends up until 2042 that is 27 years into the 

future. The projections are contained in Annex 1. Table 4 shows the energy rates for the years 

2015, 2020, 2030 and for the 2040th. The energy price used in the calculation will follow the 

current levels recommended in the Energy Agency Calculator which is 1,4 SEK/kWh 

(Energikalkylen, 2015).  

Table 4. Energy Agency's Energy forecasts for electricity and district heating. 2012 prices including moms 

(Swedish Energy Agency's forecasts in ”Långsiktsprognos, 2012”and ”Långsiktsprognos, 2010”). 

 Electric heating District heating 

Year SEK/kWh SEK/kWh 

2015 1,53 0,826 

2020 1,58 0,923 

2030 1,746 1,011 

2040 1,876 1,115 
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3.5 The Marginal Abatement Cost Curves 

The marginal abatement cost (MAC) curves are defined as a set of options that are available 

to an economy in order to reduce pollution. It is a valuable tool to understand the emission 

trading, drive forecasts of carbon allowance prices and prioritize investment opportunities 

(Vogt-Schilb & Hallegatte, 2014).  MAC curves can be used by different actors for different 

purposes. It can be used by entrepreneurs to analyze and identify low carbon options that 

could entail business opportunities in order to improve their competitiveness. It can also be 

used by researchers who construct and analyze MAC curves in order to get a better 

understanding of the relationship between the emission reduction required and concrete 

actions that can support this reduction (Tilburg et al., 2010). MAC curves can be considered 

as a new tool for the assessment of climate change. 

The curve has been used in various studies in order to assess the potential of the EE of 

different economic sectors and industries, see e.g. (Sathaye, 2011; Xu, 2011; Lutsey, 2008; 

Hasanbeigi et al., 2013). The curve shows the energy conservation potential as a function of 

the marginal cost of conserved energy (Hasanbeigi et al., 2013). MAC curves could be used to 

analyze the possible abatement options related to specific allowance price. The curves have 

also been important in the USA and the European Union as a tool to assess the costs of 

emission reductions, which support recommendations by many non-governmental 

organizations like the World Bank (Levihn et al., 2014). 

MAC curves have also been used to evaluate the climate change mitigation in Brazilian 

buildings sector (de Melo et al., 2013) and assessment of cement sector in China (Yang et al., 

2013). Another use of MAC curves is analyzing the attractiveness of energy efficient 

appliance options in households (Garg et al., 2014). The assessment of abatement potential 

and costs of air pollutants is another area of application of MAC curves (Kesicki & Strachan, 

2011). It is also common with negative MC as investments may provide a positive financial 

return (Levihn et al., 2014). The application of it started back in the 1970s, when the global 

economy was affected by the oil crises. It was called Conservation Supply Curves (CSC), and 

is basically the same as the MAC curves but evaluated the cost of conserved energy instead of 

conserved tCO2 (Meier, 1982; Stoft, 1995).  

The abatement is defined as a reduction in emissions or energy usage below some baseline 

level (Baker & Barron, 2013). MAC curves reflect the marginal costs relative to a baseline 

which reflects the technology choices as well as behavior under ‘business as usual’ 

circumstances. The baseline comprises the current energy consumption or an arbitrary amount 

(Meier, 1982). There are two different approaches to derive MAC curves, namely expert-

based and model-based approach (Levihn et al., 2014; Kesicki & Strachan, 2011).  
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3.5.1 Expert-based approach  

One option of the expert-based approach MAC curves could be based on the individual 

assessment of abatement measures. This implies assessing the cost and energy reduction 

potential of each measure in isolation, and thereafter ranking the measures according to their 

cost from cheapest to most expensive (Kesicki & Strachan, 2011).  All the relevant literature 

agrees on that the main definition of the expert-based approach is based on individual 

estimations of specific alternatives (Levihn et al., 2014).  

Vijay et al. (2010) classify this approach as a bottom-up. The bottom-up perspective provides 

a quick and intuitively appealing approach of identifying and prioritizing abatement options 

(Baker & Barron, 2013). The expert-based approach answers questions about the market 

adaptability to policy and evaluating the best options for future actions and investments 

(Levihn et al., 2014). Baker & Barron (2013) claim that this perspective is often preferred by 

individual firms that lack market power and are facing a time horizon that is ranging from 

year to decades  

The curves list the potential conservation measures and/or low-emissions technologies in 

order from the lowest to highest cost per unit of emissions abated (Baker & Barron, 2013), see 

figure 5. 

 

 

The x-axis presents the emission abatement level or the energy conserved where the y-axis 

stand for the marginal abatement cost, see figure 5.  The area of each bar represents the total 

cost of implementing each technology (Baker & Barron, 2013). MAC curves determine the 

marginal abatement cost and can also be used to calculate the average cost as well as the total 

abatement cost by calculating the integral (Kesicki & Strachan, 2011).      

Figure 5. Shows bottom-up MAC curves (Baker and Barron, 2013). 
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The bottom-up model represents a subsystem of the economy, such as the electricity sector, 

but does so in elaborate technological detail. The greatest strength of Bottom–up models is 

the richness of their representation of the technology where it allows simulating the actual 

sector in a partial equilibrium setting (Tuladhar et al., 2009). One example of the Bottom-up 

MAC curves earlier application was an estimation of the electricity savings potential for the 

Chinese iron and steel industry (Hasanbeigi et al., 2013). 

3.5.2 Model-based approach  

The model-based approach implies using a systems approach based on an energy model. This 

model will perform many runs with different CO2 tax levels and also to record the reduction 

of the corresponding CO2 emissions. These models can be differentiated further into bottom-

up models like energy system models, and top-down models which could be computable 

general equilibrium models (Kesicki & Strachan, 2011). The time horizon and the size of the 

planning problem determine the choice of which perspective are most appropriate (Baker & 

Barron, 2013).   

The top-down MAC curves captures the structural options available to society on a long-term 

basis. This perspective is therefore preferred by social planners with a much longer time 

horizon of generations (Baker & Barron, 2013). The curves are mainly generated through 

repeated runs of a model such as integrated assessment model (IAM) and EPPA (Emission 

Prediction and Policy Analysis) which is intended to find the optimal emissions level under 

different carbon taxes (Baker et al., 2008). This provides an estimation of the MAC curves, 

see figure 6.   

 

Figure 6. The emissions abatement problem. MAC is the marginal abatement curve; MDC is the marginal 

damage curve (Baker & Barron, 2013). 

The top–down model usually represents the entire economy at a macro level (Levihn et al., 

2014) and lacks therefore the necessary technological detail (Kesicki & Strachan, 2011). This 

is because the model is not designed to represent technologies from an engineering 

perspective (Tuladhar et al., 2009). The top-down approach is mostly about the market 
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respond to exogenous pressures, for instance an expected or pending policy intervention and 

its implications for a system (Levihn et al., 2014). 

3.5.3 Challenges and Limitations 

Kesicki & Ekins (2012) claim that it is important to ensure the quality of the assumptions and 

the used method that generate the cost curves. This is due to MAC curves are being used in 

major debates like climate policy and therefore it is essential to ensure that the data used is 

robust. Kesicki & Strachan (2011) point out the weaknesses of the expert-bases curves and 

argue that expert-based curves do not capture system-wide interactions, neglect behavioral 

aspects, subject to an inconsistent baseline and double counting of reduction potentials. 

Kesicki & Ekins (2012) emphasize the importance of publishing the underlying assumptions 

together with the analysis to show the sensitivity of the results. This will increase the 

understanding of the curves and can be used with confidence. Baker & Barron (2013) argue 

that a modeler needs to be aware of the underlying assumptions in order to produce a useful 

result.  

Other critics have argued that expert-based MAC curves are not able to take into account 

interactions between abatement measures (Kesicki, 2010). For instance, if two measures A 

and B are both implemented, the combined measure AB might save less energy than the sum 

of the two individual measures’ savings (Stoft, 1995; Levihn et al., 2014). Kesicki & Ekins 

(2012) claim that it is not clear to what extent the interactions between the abatement 

measures are considered. Different options could target replacing the same baseline 

technology (Tilburg et al., 2010). Levihn et al., (2013) claim that the original CSC literature 

took option interaction into account through an iterative process in which the lowest-cost 

option always would be chosen. They argue that the costs of all available options were 

recalculated in every step and the new lowest-cost option was added to the curve. 

According to classical economic theory, if there is a measure that provides negative cost i.e. a 

saving, it would be conducted without need of regulation. The analysts that generate the 

bottom-up MAC curves argue that there are behavioral barriers that inhibit implementation of 

these negative-cost measures and that these barriers are often not included in the 

implementation cost (Baker & Barron, 2013). 

Kesicki & Strachan (2011) argues that MAC curves do not take into account non-financial 

costs such as monitoring for the installer, disruption costs or the need of moving from the 

house temporarily. They claim that several energy-efficiency investments require great 

repayment which only often is paid back through reduced expenses in energy over several 

years. This implies that many low-income households will not have the required capital to 

implement these measures.  

Kesicki & Ekins (2012) argue that the discount rate is another factor that has an effect on the 

negative abatement costs. Its main objective is to compare benefits and costs that occur in 
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different time periods. They claim that higher discount rate results in more attention to the 

costs and financial gains that occur in early phases. Individual and companies in general do 

not have the opportunity to borrow at a low rate as the government can.   

All the predictions of the future are inherently uncertain. The uncertainty areas such as the 

future state of the technology and economy will have a large impact on MAC curves, which 

makes the curves more sensitive to the assumptions of the baseline (Baker & Barron, 2013). 

Kesicki & Ekins (2012) claim that information failures might lead to inefficient decisions. 

These failures might occur in e.g. the residential sector, due to uncertainty about future energy 

prices, or the search cost of the energy-efficiency measures. Moreover, they emphasize that 

there is a lack of awareness about the potential savings opportunities. Kesicki & Ekins (2012) 

argue also that the current and expected future energy prices could affect the individual 

abatement costs in different ways. For instance, if the demand for oil, coal and gas decline 

while the energy system decarbonizes, this will result in reducing prices and in turn makes the 

emission abatement less economically competitive (Klepper & Peterson, 2003). 

3.5.4 Sensitivity to exogenous input variables 

Fleiter & Eichhammer (2009) argue that conducting sensitivity analysis will provide a better 

idea of the magnitude of this effect. Kesicki & Strachan (2011) agree also and claim that 

using sensitivity analysis, probabilistic or stochastic models should be included in order to 

overcome the shortcomings in MAC curves. Kesicki & Ekins (2012) claim that the abatement 

costs are very sensitive to the assumptions. The main input variables that are relevant for 

MAC curves should be included such as discount rates for the investment calculations, energy 

prices as well as emission factors and CO2 emission certificate prices (Fleiter & Eichhammer, 

2009). 

In summary, there are both strength and weaknesses of the MAC curves. Since this thesis will 

consider measures in houses, the expert-based approach is to be preferred. The main strengths 

of this approach is providing extensive technological details, possibility of taking into account 

technology specific market distortions and is it easy to understand the technology-specific 

abatement curves. The main relevant weaknesses of this approach are no integration of 

behavioral factors, interactions and dependencies between the measures. There is possibility 

of inconsistent baseline and limited representation of the uncertainties and assumptions 

(Kesicki, 2010). 
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4. OVERVIEW OF RESIDENTIAL HOUSING STOCK  

The aim of this chapter is to provide the reader an overview of the residential housing stock, 

the potential in the Swedish market and statistics about one- and two-dwelling buildings in 

Sweden. 

According to Swedish energy agency (2013) there are approximately 1 925 000 one- and two-

dwelling buildings in Sweden where it cover approximately half of the population of Sweden. The 

most common type of housing in Sweden is to live in a one or two dwelling building (Statistics 

Sweden, 2014), see figure 7.  

 

Figure 7. Shows percentage of households and the population living in the most common forms of 

accommodation. (Statistics Sweden, 2014). 

Perhaps the most interesting factor to look at is the construction year of the one- and two-

dwelling buildings, as it says a lot about what types of buildings it is about. Figure 8 shows the 

age distribution of houses in Sweden, both in terms of heated residential floor space and number. 

Apparently, the distribution is relatively similar for both area and number, but the distribution 

suggests something less residential floor space per house than average between 1941-1970 and a 

slightly larger than average, e.g. for houses built after 2001. Based on the classification into the 

year of construction used in the statistics, the largest part of one- and two-dwelling buildings 

houses was built until 1940, but even with a clear peak between 1971 and 1980 (Swedish energy 

agency, 2013). 
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Figure 8. Shows percentage of heated residential floor space and number of houses of each construction year 

(Energy statistics for one- and two-dwelling buildings, 2013). 

Figure 9 represents the average energy consumption for heating and hot water per square meter in 

one- and two-dwelling buildings, divided according to the year of construction. On average, the 

energy used in one- and two-dwelling buildings was 110 kWh per square meter in 2013, which 

is represented by the horizontal line in figure 9. Even in terms of energy use per square meter, the 

difference between the older and more new houses is clear. In a one- and two-dwelling buildings 

built in 1940 or earlier, an average of 136 kWh per square meter during the year was used, while 

the newest one- and two-dwelling buildings built between 2001 and 2012 was about 84 kWh per 

square meter (Swedish energy agency, 2013). 

 
Figure 9. Shows the average energy consumption per square meter (for heating and hot water, excl. Household 

electricity) in one- and two-dwelling buildings in 2013, allocated according to the year of construction (Energy 

statistics for one- and two-dwelling buildings, 2013). 

The distribution of heating method for one- and two-dwelling buildings after the year of 

construction is shown in figure 10. The chart clearly shows that the proportion of houses that only 

heated by electricity (all types of heat pumps included) is highest for houses built in the 70s. 

There is also a clear difference in the distribution of direct acting and water heating electricity, 
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where the proportion of direct acting electricity is by far the largest for the 70-century houses. 

Biomass is commonly used as a heating method in the oldest houses but newer houses that is only 

heated by biofuels alone is unusual. In contrast, the combination of biofuels and electricity are 

relatively common even in new buildings. The proportion of heated house with district heating is 

almost equal regardless of year of construction, but is noticeably smaller in the oldest and the 

newest construction year period (Swedish energy agency, 2013). 

 
Figure 10. The distribution of heating method after year of construction for the entire country ((d) involves 

direct-acting includes air/air heat pumps and (v) water includes air/water heat pumps) ( Energy statistics for 

one- and two-dwelling buildings, 2013) 

During the year 2013, 14.4 TWh of electricity for heating and hot water was used, representing 45 

% of the Swedish households total energy use. Bio fuel (wood, pellets, wood chips and sawdust) 

was the second most common. During the year stood biofuel for 34% of houses total energy, 

equivalent to 11.1 TWh of biofuels. District heating accounted for 17 %, or 5.5 TWh, while 

the energy produced from oil, natural gas/town gas and local heating continued used relatively 

sparingly in one or two dwelling (Swedish Energy Agency, 2013).  
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Figure 11. Shows percentage of the total energy use for heating and hot water in houses per energy 

carrier/energy source in 2006-2013 (Energy statistics for one- and two-dwelling buildings, 2013). 

Figure 11 shows how the share of electricity, biofuels, district heating, oil, natural/town gas 

and heating system used for heating and hot water in houses changed over the years 2006-

2013. Heating types in houses for 2013 have been dominated by electricity, direct acting or 

water-based. Approximately 534,000 one- and two-dwelling buildings or nearly 28% of 

Sweden's total of 1,928,000 houses, heated with electricity only in the year 2013, half of them 

with direct acting electric and half with water-based electricity. Electric heating combined 

with biomass (wood, pellets, wood chips and sawdust) is the second most commonly used 

heating mode. Approximately 396,000 one- and two-dwelling buildings, or 21%, were heated 

with such a combination during the year. 13% of single-family houses were heated with only 

water-based geothermal energy or sea-heat pump while 12% were heated solely by district 

heating (Swedish energy agency, 2013).  
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5. ENERGY EFFICIENCY IN A TYPICAL ONE- AND TWO-

DWELLING BUILDINGS 

The chapter aims to introduce calculations of different measures in a typical one- and two-

dwelling building in Stockholm based on facts from previous chapter. This is followed by 

presenting the assumptions and the obtain result. Lastly, a sensitivity analysis of the result is 

presented. 

5.1 Data of the Selected House    

When the housing stock will be renovated, it is important to focus on the one- and two-

dwelling buildings where the potential for EE is greatest, see figure 7. The largest portions of 

one- and two-dwelling buildings are built before 1940, but in the current situation, it is likely 

that a large proportion of these houses are already renovated to some extent. It is most 

appropriate to focus on houses built between 1971 and 1980 in the first place, partly because 

it is the period with the second highest number of houses and heated area and partly because 

this group is still new enough to contain a significant part of non-refurbished houses. It is not 

possible to choose the interval 1971-1980 in the Energy Agency Calculator. Therefore, the 

interval that has been chosen in Calculator was 1961-1975. According to the energy statistics 

(2013) this range has the largest portion of direct-acting electricity which has the greatest 

potential to shift to better heating systems. According to Statistics Sweden (2014) the average 

number of residents per household in one- and two-dwelling buildings is 2.7 which have been 

used in the Calculator. The average living area in this range is 120-145 m2 with 1/1,5 number 

of floors (Nygren, 2003). The dominating heating systems in these houses are direct acting 

electricity, see figure 10. The main heating used in the example one- and two-dwelling 

building was direct acting electricity which also has the highest energy costs. These houses 

have therefore more incentive to implement EE measures. All the data including the 

assumptions are presented in table 5. The assumptions like indoor temperature, use of hot 

water etc. is based on the average standard of living in Sweden.   
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Table 5. Shows the input data for the selected house in the Energy Agency Calculator (Input data for the 

household electricity use are not included) 

General Information  

Year of construction 1961-1975 

Living area / biarea, sq.m. 120 

Basement area 20 

Atemp, sq.m. 120 

Number of floors 1 1/2 

Open floor plan No 

House type Detached 

Main heating today Direct acting electricity 

Number of people in household 2,7 

Use of household electricity Average 

Municipality Stockholm 

Ventilation type Natural draft 

Chimney (skorsten) Yes, stove / fireplace 

Age of the heating system Less than 25 years 

Wind Area, for additional insulation, sq.m. 84 

Window Area, sq.m. 22 

Use of hot water Average 

Indoor temperature 21 °C 

Average basement temperature  21 °C 

 

The calculations in the Energy Agency Calculator with the data in table 5 provided a total 

energy consumption of 29 500 kWh per year as the house is assumed to be heated by direct 

acting electricity. The heat consumption accounted for 71% (21 000 kWh), the hot water 

consumption was 11% (3 080 kWh) and household electricity consumption accounted for 

18% (5 420 kWh) per year. The following step was to select possible measures for the house. 

The selected measures in this case did not include measures that could have an effect on the 

household energy use or behavioral changes such as changing the temperature in the freezer 

or switch to energy saving light bulbs. 
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5.2 Selected Measures 

The measures have been collected through data from EPCs retrieved from the Swedish 

National Board of Housing and supplemented by other measures proposed in the Swedish 

Energy Agency Calculator. The calculator is a tool for households to use in order to estimate 

the energy reduction of different measures. The measures have been categorized into three 

classifications: reduce energy consumption by for example insulate the wind and/or facade, 

supplement to the heating by e.g. installing air/air heat pump and/or installing solar collector 

for hot water, and the third category was to switch to other heating system such as geothermal 

heating system or district heating.   

5.2.1 Reduce energy use for heating  

Additional insulation wind 

Adding extra insulation to the attic floor is an effective measure that is often simple to 

perform. In the Energy Agency Calculator, the savings is based on additional insulation of 

about 30 cm. The Energy Agency Calculator assumes that the owner has certain insulation in 

the attic already, how much depends on how old the house is (Energikalkylen, 2015). 

Installing solar panels covering 50% of household electricity 

Photovoltaic cells produce electricity through sunlight. The Energy Agency Calculator 

expects a flat rate of about 110 kWh of electricity per square meter solar cell and year. Actual 

production is partly due to the type of the solar cell, how it is angled towards the sun and 

number of sunshine hours (Energikalkylen, 2015). 

The solar cells can be sized so that the electrical power produced is used in the house. If the 

electricity is to be saved, for example, from day to night, it requires some type of energy 

storage, for example a battery. It may also be possible to sell electricity by outputting it to the 

mains. This requires permission of the company that owns the grid (Energikalkylen, 2015). 

Installation of new windows with a U-value of maximum 1.2 

There are two ways to fix the old double glazed windows; either by replacing the innermost 

pane towards a low-energy glass (low-emission glass) or by replacing the entire window 

structure to new windows. The Energy Agency Calculator used a U-value of 1.2 for the new 

windows, where windows with lower U-value saves more (Energikalkylen, 2015). 

Additional insulation façade 

If a homeowner will make greater efforts with the facade, it can be profitable at the same time 

adding insulation exterior walls. The extra cost will only be for the insulation and wall studs. 

The Energy Agency Calculator anticipates 7 cm additional insulation. The Energy Agency 

Calculator assumes that the owner's facade is already partially insulated, how much depends 
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on how old your house is. The investment cost is given as an additional cost due to the same 

reason discussed for windows. The investment cost includes only labor and material cost to 

wall studs and insulating materials (Energikalkylen, 2015). 

5.2.2 Supplement to the heating 

Air/air heat pump 

Air / air heat pump is an appropriate supplement for direct electric-heated house, but can 

sometimes be an option even for houses with water-based heating. The savings are greatest in 

houses with open plan i.e. houses that do not have many doors and corridors. The owner can 

expect a saving of 30-50% of the energy for heating. The prerequisite is that the radiator 

thermostats are able to regulate down to the extra heat input so it will not be an increase in 

room temperature (Energikalkylen, 2015). 

Installing solar collector for hot water 

A solar collector system can reduce the need for purchased energy for domestic hot water by 

about half. The house can cover completed during the summer hot water needs, since it 

appears that Sweden has the most sunshine hours. The owner needs a storage tank to handle 

the sun's heat. There are e.g. in the form of water heaters with solar heating loop 

(Energikalkylen, 2015). 

5.2.3 Switch to other heating systems 

To replace the heating system from direct acting electricity implies switching to water-based 

system. The cost of switching to water-based system has been included in all the calculations 

regarding switching to other heating system (Energikalkylen, 2015). 

District heating 

A house owner can choose district heating only if there is where you live. A district heating 

substation takes up very little space in your house. The size is much like a bathroom cabinet 

(Energikalkylen, 2015). 

Geothermal heating 

To be able to drill for geothermal heating, or put tube in a lake for lake heating, it requires a 

license from the municipality. If a house owner is switches from heating boiler, there are 

several things that the owner has to consider in order to compensate as the chimney and boiler 

room gets cold (Energikalkylen, 2015). 

The savings according to the Energy Agency Calculator are calculated at a low temperature. If 

the house currently has a high temperature the owner should make sure that the heat pump can 

deliver heat at higher temperature. The owner cannot expect an equal saving at a low 
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temperature. The owner can instead change to better elements or add extra radiators so that 

the house gets a low temperature system (Energikalkylen, 2015). 

Air/water heat pump 

An air / water heat pump means that one outdoor unit utilizes the heat in the outside air, which 

is then delivered to the house's water based heating systems and hot water (Energikalkylen, 

2015). 

5.3 Calculations 

The data in table 5 was used to calculate the investment cost, changed energy use and change 

in annual cost of different measures, see table 6. The data were processed in the Swedish 

Energy Agency Calculator. Since all houses are unique, it is not possible to make precise 

calculations that describe the energy use exactly on kilowatt-hour. The calculator should be 

considered as a tool to get an overview of the house energy use and a good guidance for 

suitable measures. In order to ensure that the results from the calculator are reliable, the 

results have been compared with the data from EPCs regarding the investment cost, changed 

energy use and change in annual cost.  

Table 6. Shows the investment cost, changed energy use, change in annual cost and the technical lifetime of 

each EE measure. 

Measure 
Investment Cost 

[SEK] 

Changed 

energy use 

[kWh/year] 

Change in 

annual cost 

[SEK/year] 

Technical life 

time [Year] 

Additional insulation wind 10 900 – 18 500 -1 620 -2 270 40 

Additional insulation facade 14 400 – 33 600 -1 310 1 834 40 

Installing solar panels covering 

50% of household electricity. 
152 000 – 225 000 -2 710 -3 800 25 

Install the air/air heat pump 18 500 – 27 800 -6 710 -9 390 15 

Installing solar collectors for hot 

water 
30 000 – 50 000 -1 540 -2 160 25 

Replacement to District Heating 120 000 – 170 000 -154 -14 600 20 

Downhole heat exchangers 

(including ground and sea) 
190 000 – 300 000 -16 000 -22 400 20 

Replacement to Air/Water Heat 

Pump 
160 000 – 200 000 -14 200 -19 900 20 

Windows with a U-value < 1.2 60 000 – 80 000 -3 300 4 620 40 
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5.3.1 Assumptions   

Any analysis that seeks to compare the cost of reducing energy consumption is dependent on 

several input assumptions. As MAC curves are formulated for future years, such as 2040 i.e. 

25 years into the future, and cover many technologies, where some of them are still in 

development and all of them are subject to change, the assumptions are highly uncertain. Such 

assumptions typically represent a particular world view, so even though the MAC 

methodology itself is objective, it is based on several assumptions drawn from a larger set of 

possible assumptions In order to increase the understanding of the curves and produce useful 

results, it is important to publish the underlying assumptions together with the analysis to 

show the sensitivity of the results (Kesicki & Ekins, 2012; Baker & Barron, 2013). This will 

enable the curves to be understood and used with confidence. The assumptions that were 

made when MAC curve was calculated are presented in table 7.  

Table 7. Shows the assumptions used when constructing the MAC curves. 

Parameter Unit  

Inflation % 2 

Discount rate % 4 

Interest rate % 4 

Energy price SEK/kWh 1,4 

5.4 MAC Curve Results  

In order to compare these measures with each other considering their technical lifetime, 

investment cost, changed energy use, change in annual cost, energy price development, 

interest rate and discount rate, MAC curves was an appropriate tool to use due to its ability to 

take into consideration all these aspects, see figure 12. 
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Figure 12. Shows the NPV of different measures and the conserved energy per year. 

Figure 12 shows the total cost (SEK) on the y-axis and the conserved energy per year 

(MWh/year) on the x-axis. The negative total cost means that the total energy cost saving 

during the measure’s lifetime exceeds the initial investment and the interest expenses. This 

means that these measures are profitable for a house owner to implement. Almost all the 

measures show positive NPV and are therefore profitable to implement. The only measure 

that had negative NPV was solar panels due to its high investment and low cost saving. 

Almost all measures showed positive NPV already at year 1 except the solar collector and 

solar panels. The solar collector show positive cash flow after 8 years as part of the loan 

amount has been paid back, which in turn reduces the interest expenses. In order to obtain 

more robust results, a sensitivity analysis is presented in the next section. 

5.5 Sensitivity Analysis 

Conducting sensitivity analysis should be included in order to overcome the shortcomings in 

MAC curves (Kesicki & Strachan, 2011). In order to illustrate the sensitivity of the 

assumptions, the technical lifetime, the interest rate, discount rate and energy prices have each 

been varied, one parameter at a time, holding the others constant. 

5.5.1 Technical lifetime 

In this study, it has been assumed that the measure will operate during the measures lifetime. 

It is therefore important to investigate how the shorter technical lifetime affects the NPV. It 

has been assumed a technical lifetime reduction of 10% and 20%. 
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Figure 13. Shows how the NPV changes in relation to the technical lifetime. 

As figure 13 shows, the decrease in the technical lifetime have let to lower NPV. This is 

because the future savings would be reduced while the borrower will still has interest 

expenses and amortization of the loan to pay. Despite the reduction of 20% of the measures 

technical lifetime, there was no significant impact on the profitability of these investments 

except solar collectors which have little margins and are therefore more sensitive for 

fluctuations than the other measures.         

5.5.2 Interest rate 

 In order to evaluate the impact of the interest expenses on the NPV, it was important to 

conduct a sensitivity analysis of the interest rate. A sensitivity analysis of the interest rate has 

therefore been conducted for rates of 4%, 6% and 8%.  

 

Figure 14. Shows how the NPV changes in relation to the interest rate. 
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As the interest rate increases, the profitability of the measures decreases, see figure 14. With 

6% interest rate, replacement to district heating and wind insulation provide negative cash 

flow the first year while downhole heat exchanger the first two years and thereafter remains 

positive throughout their lifetime. The solar collector provides negative cash flow the first ten 

years while new windows the first six years and thereafter become positive. Air/air, air/water 

heat pump and wind insulation provide positive cash flow from the first year even with 6% 

interest rate. 

With 8% interest rate, replacement to down heat exchanger and district heating provide 

positive cash flow from the fifth year while air/water heat pump from the third year. New 

windows provides positive cash flow from the tenth year while façade insulation from the 

sixth year. The solar collector provides negative cash flow the twelve years and thereafter 

becomes positive. The measures that provide positive cash flow from year one were air/air 

heat pump and wind insulation.  It can be concluded that the major effect of high levels of the 

interest rates occurs in the first years of the measures lifetime. However, higher interest rate 

levels do not have a major effect on the NPV.  

5.5.3 Energy prices 

The energy price forecasts for heating and district heating used in calculations has been 

developed by the Swedish Energy Agency and extends up until 2042 where it has been 

projected and annual increase of approximately 1%. A sensitivity analysis of 1%, 2% and 4% 

increase has been conducted. 

 

Figure 15. Shows how the NPV changes in relation to the energy price. 

As figure 15 shows, the measures become more profitable with higher energy prices. Higher 

energy prices imply that the annual cost savings due to the reduced energy consumption 

increases. With 2% energy price development, the solar collector provides a positive cash 

flow after 6 years while with 4% it becomes positive after 4 years. With 4% energy price 
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development, the solar panels provide positive cash flow first after 17 years but still provide 

negative NPV at the end.  

5.5.4 Discount rate 

Since there are uncertainty about the future savings and that the investment could be used in 

other purposes with greater return. The discount rate has therefore been tested in rates of 4%, 

6% and 8%.  

 

Figure 16. Shows how the NPV changes in relation to the discount rate. 

As figure 16 shows, higher rates of return requirement will entail less cash flow. Higher 

discount rate means basically that the homeowner requires higher return in the investment.   

Discount rate of 6% implies that the net cash flow decreases between 20% - 39% while using 

discount rate of 8% reduces the net cash flow between 23% - 66%, see table 8. 

Table 8. Shows the relationship between the discount rate and the net cash flow. 
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6. ANALYSIS AND DISCUSSION 

The purpose of this chapter is to analyze the previously presented findings from the literature 

review about the barriers of financing energy efficiency and the relationship between energy 

performance and property value in relation to the empirical findings. 

6.1 Financing Energy Efficiency  

In the current situation, homeowners who have low LTV ratios have the possibility to take a 

loan on their houses i.e. using their houses as collateral and get the same interest terms as the 

mortgage (Interviewee B). Those homeowners with weaker credits or with high LTV ratio 

(85%) cannot use their houses as collateral because it is impermissible to borrow more than 

85% according to the Swedish general guidelines for credit institutions (Riksbanken, 2014). 

However, there is another possibility to get the capital needed by borrowing money through 

unsecured loans. The unsecured loans are only supported by the borrower’s ability to repay 

the loan i.e. creditworthiness (Andrén et al., 2003). The unsecured loans have often higher 

interest rates than secured loans as it involves a greater risk for lenders where it is not 

guaranteed by any type of collateral (interviewee B).  

In addition to the security issue, the banks conduct calculations on customer's current 

repayment ability when the loan is issued and it is assumed that it will hold over time by 

assuming that the borrowers will keep their jobs even in the future (Interviewee B). This 

indicates that future cash flows, which the loan will entail, are not taken into consideration. 

This financing method is therefore not suited for EE measures, because implementing an EE 

measure implies annual energy cost savings (future cash flows) which in turn improves the 

borrower's repayment ability in the future.  

According to interviewee A1&A2, the current pricing method of the interest rate consists of 

four factors: 

 Funding cost  

 Administrative costs 

 Economic profit  

 Capital base cost 

 

The funding cost refers to the price a bank must pay to replace its liabilities (Beau et al., 

2014). The funding cost increases with less security as it is more risky for a bank to lend 

without security and it is also risky for e.g. the banks’ investors (Interviewee A1&A2). A 

bank’s funding cost can be described as the compensation that investors and depositors 

require in exchange for financing a bank’s activities (Beau et al., 2014).   
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The administrative costs are included in the interest rate and are depended on the requested 

loan amount. A higher amount applied provides slightly lower interest rate. This is mainly due 

to the bank's fixed costs to manage a loan, which can be spread over a larger amount.  The 

greater a loan is the less administrative costs (Interviewee A1&A2). On the other hand, in 

order to have an appropriate financing product for the EE measures, it will require more 

administrative work and management by the bank around the product and also knowledge 

about the EE field. This work will imply costs, which the customer will pay for at the end. A 

bank considers therefore that it is cheaper and easier for a borrower to take an unsecured loan 

as it is too expensive for the bank (high administrative costs) when a product is small and the 

demand is low (Interviewee B & J).  

The economic profit refers to how much the bank wants to earn on every loan (Investopedia, 

2015). It is argued that a bank usually wants a little more profit on unsecured loans than loans 

with security as it implies greater risk for the bank (interviewee A1&A2). 

The capital base cost is based on risk-weighted capital, which is calculated by risk models, 

namely Probability of default (PD) and Loss given default (LGD) (Interviewee A1&A2). PD 

per rating grade provides the average percentage of obligors that default in this rating grade in 

the course of one year. LGD provides the percentage of exposure the bank might lose in case 

the borrower defaults (Basel Committee, 2005). Higher risk weight implies that the bank must 

hold more equity. The extra capital the bank must hold could be lent out instead, which means 

that it entails a cost for the bank (interviewee A1&A2).  

All factors mentioned above are assessed through credit scoring techniques. Each factor is 

provided with Basis Points (bps) depending on the type of the loan. 100 bps implies 1% 

interest rate, see figure 17. 

 

Figure 17. Shows how the interest rate setting could look like (Interviewee A1&A2). 
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The purpose of credit scoring techniques is to assess the risk in lending to a particular 

borrower (Thomas et al., 2002). Banks are generally using credit scoring models and credit 

ratings to estimate the default risk on a single obligor basis (Blöchlinger & Leippold, 2006). 

A customer with a low scoring means that the customer has a high risk of credit losses. It is 

also the customers’ scoring that determines how much capital the bank must hold. Borrowers 

with low scoring bind a significantly larger amount of capital, which requires a higher margin 

for the corresponding return (Interviewee A1&A2). Figure 18 shows how the LTV ratio 

increases with higher bps which in turn affect the bps of the capital base cost.  

 

Figure 18. Shows the relationship between the loan-to-value-ratio (LTV) and Basis Points (bps) (Interviewee 

A1&A2). 

An increase of a house value leads to a reduction of the LTV ratio, which means that the 

capital base cost decreases and even the bank's risk decreases. It is important to reduce the 

LTV as much as possible. This is because the borrower will be able to pay back the loan even 

if house prices fall (interviewee A1&A2).   

6.1.1 The environmental risk assessment 

The banks environmental impact can be divided into external and internal. The most 

discussed part is the external (indirect) impact due to banks products and services. The 

products themselves do not pollute rather it is the users of these products who have the major 

impact on the environment. One of the reasons why banks have been reluctant to promote the 

indirect environmental care has been the difficulties to estimate the reduction (Thompson & 

Cowton, 2004; Jeucken & Bouma, 1999). Except that EE measures involve lower risks for the 

bank than other unsecured loans, there are also environmental benefits through financing 

these measures. From the MAC curves results the expected energy reduction of each measure 

is estimated. In this way, it would be possible for banks to estimate the reduction of their 

indirect environmental impact.  
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Whether banks are responsible for the environmental pollution of their clients or not, the 

clients’ risks are also the banks’ risks. Such risks could be in form of new environmental 

legislation, which could affect customers’ continuity and in turn the banks’ continuity. 

Another risk could be a reputational risk in form of customer reaction and public criticism 

when the banks’ involves indirectly in environmental degradation (Jeucken & Bouma, 1999). 

The above risks provide incentives for the banks to involve the environmental concerns as 

part of the credit assessment process (Thompson & Cowton, 2004). According to the 

literature, if there are many suppliers of loans on the market, the banks with the highest 

default prediction accuracy have better knowledge of the quality of the loans than the 

competitors. The information advantage can be translated into better profitability figures 

(Blöchlinger & Leippold, 2006). The current pricing method of the interest rate does not take 

environmental risks into consideration, see chapter 6.1. Integrating environmental 

considerations into the credit assessment would imply better interest terms for EE measures 

and in turn facilitate the development of this market. This would in turn change the 

customers’ choices where they might begin considering EE measures that provide the most 

energy savings rather than measures that are cheaper. 

6.1.2 Summary of Analysis  

As there is no financing model suitable for EE measures, it was of interest to analyze the 

existing financing model in order to understand the difficulties of constructing a model 

appropriate for the nature of EE measures. The existing method of interest rate setting consists 

of four factors: Funding cost, Administrative costs, Economic profit, Capital base cost. Since 

financing EE measures are considered as unsecured loans, the funding costs increase as the 

bank is not guaranteed by any type of collateral. The economic profit will also increase as 

unsecured loans imply greater risk for the bank. The administrative costs are related to the 

bank’s fixed costs to manage a loan. Since there are no standardized evaluating methods for 

EE investments the administrative costs becomes even higher. The capital base cost is based 

on risk-weighted capital. Higher risk weight implies that the bank must hold more equity. On 

the other hand, decreasing the ratio of LTV implies that the bank can hold less equity and 

instead use this equity in other investments. EE measures can lead to a reduction of the LTV 

ratios as the measures have a positive impact on the value of a house. This is not included in 

the current pricing method. Another factor that is not included in the current pricing method is 

the environmental consideration. Integrating this factor into the assessment process will 

improve the banks’ default prediction accuracy that in turn can be translated into better 

profitability figures.   
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6.2 Energy Performance and Property Value 

6.2.1 Current impact of EE measures on the value of a house 

Several studies have indicated that there is a relationship between a house’s value and energy 

performance. They indicate that there is a willingness to pay more for a house with 

implemented EE measures (Banfi et al. 2008; Brounen & Kok, 2011; Hyland et al. 2013; 

Cajias & Piazolo, 2012; Kahn & Kok, 2012; Cerin et al. 2014). These findings are to a large 

extent cohesive with the findings from the interviews conducted with the real estate brokers in 

Stockholm. For example, all respondents agreed that EE measures have a positive effect on 

the value of detached houses. All the interviewees argued that implementing EE measures 

have a direct effect on the operating cost of a house – as it decreases the energy used for the 

heating purposes – which have in turn a positive effect on a house value. 

According to a study made in Sweden, speculators place a price premium on EE. The study 

indicates that 1% of EE improvements increase the house’s value by an average of 0.044% 

(Högberg, 2013). Interviewee H, D and F stated that 60 – 80 % of the initial investment will 

be reflected on the value of the house while interviewee G, C, E and I argued that it will be as 

much as the initial investment of the measure. Interviewee G emphasized that even if the 

investment is as much as SEK 100 000 or 200 000, it will pay off for the owner, because 

firstly it will be an annual energy cost saving and secondly it will be reflected on the house’s 

value. It is worth mentioning that these numbers are based on a house that has a normal 

location and condition. 

All interviewees emphasized that the valuation of a house depends on several factors such as 

the location and condition. For example, interviewee G claimed that if the location is 

Stockholm, it will surely be as much as the initial investment, but maybe not for a house in 

Norrland that is worth SEK 200 000. If an owner replaces the windows and insulates the 

house but still have direct-acting electricity, it will not affect the house's value significantly. 

On the other hand, if the house has a good heating system such as geothermal heating but very 

bad insulation, it will also not affect the house’s value significantly (Interviewee G & H). 

Interviewee C argued that there should be a balance and that the owner should implement EE 

measures depending on the house's condition.  

A buyer is prepared to pay more if the operating cost is lower compared to other houses. If a 

house has an upgraded heating system, it will ensure the buyer that the heating system will 

continue to operate at least 10-15 years with low operating cost, and that the buyer will not 

have to make any investment in the coming years (Interviewees D, C & F). Buyers usually 

require a discount on the selling price when there are recommendations on EE that are not 

conducted. Therefore, this gives more incentive to the sellers to improve the EE prior to 

selling in order to obtain the price premium rather than lose the value of the discount 

(Högberg, 2013).   
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The majority of the interviewees argued that the main factors that affect the house’s value is a 

combination of the saved energy costs and the initial investment of the measure but it also 

depends on the speculator (interviewee C-G).  This is in line with earlier studies which 

indicate that speculators give high priority to the investment cost and the annual energy cost 

savings when making a purchasing decision (Nair et al., 2010). 

6.2.2 Current impact of EPCs on the value of a house 

Many speculators only pay attention to the operating cost because the speculators have little 

experience of what it costs to implement EE measures. On the other hand, those who have 

knowledge about these investments sees an economic value and would consider paying more, 

but generally most of the speculators value the operating costs more (Interviewee D & H). 

Speculators do not usually know how much the owner has invested in EE. That information 

exchange often takes place when they meet (Interviewee C & F). This can be referred to the 

literature about the information asymmetry where the sellers have more knowledge about the 

quality of a product than the buyer. This information asymmetry between buyers and sellers 

could lead to poor selection and could make it impossible to create an effective EE market 

(c.f. Akerlof, 1970). This occurs when the implemented EE measures are not reflected on the 

house price and therefore inhibit the development of EE.  

The EPCs were intended to solve this problem by making the information about the energy 

performance of buildings more accessible and allow the buyers to compare with other 

buildings (Swedish Energy Agency, 2015). The issue is that the EPCs are not well integrated 

in the transaction processes yet as the information in the EPCs often comes too late to the 

speculators in the process (Interviewee H & D). When the information about the energy 

performance of a property is not available, the added value of the EE measures would not be 

reflected in the transaction price, which affects the owners’ decision to implement EE 

measures (Bio Intelligence Service et al. 2013). In other words, by improving the EPCs and 

making it more available, it would provide more useful and meaningful information and in 

turn increase its impact during the purchasing process than in the current situation.  

6.2.3 Summary of Analysis  

As an increase of a house’s value leads to lower LTV ratios which in turn decreases the 

capital base cost, it was of interest to empirically investigate whether the EE measures have a 

positive impact on a house’s value or not. The findings from earlier conducted studies 

indicated that EE measures do have a positive impact on the house’s value which is to a large 

extent cohesive with the findings from the interviews conducted with the real estate brokers in 

Stockholm. All the interviewees argued that implementing EE measures affects the operating 

cost which in turn has a positive impact on a house’s value. The interviewees stated that 60% 

- 100% of the EE investment would be reflected on the value of a house. Another factor is that 

an upgraded heating system guarantees the buyer that the heating system will continue to 
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operate at least 10-15 years with low operating cost, and that the buyer will not have to make 

any investment in the coming years. Houses that have not implemented a recommended EE 

measure in the EPCs would instead lose a discount that is usually required by speculators 

(Högberg, 2013).  

The information asymmetry between the seller and the buyer leads to an ineffective EE 

market. The purpose of the EPCs is to make the information about the energy performance of 

buildings more accessible and allow buyers to compare with other buildings. The 

development of the EPCs are not well integrated in the transaction processes yet as it was 

introduced in 2009. The future development of the EPCs will therefore have a greater impact 

during the purchasing processes which in turn will lead to a more effective EE market. 

6.3 The viability of EE Measures 

Commercial banks prefer investments that are safe and highest in terms of return on 

investments (De T’serclaes, 2007). The banks want therefore to see stable and predictable 

cash-flows at known and manageable risk (Sweatman & Managan, 2010).  

From the MAC curve result, eight of nine measures were profitable to implement. The 

measure that was not profitable was solar panels. A profitable measure means that the energy 

cost savings exceed the initial investment and the interest expenses over the measures’ 

lifetime. This will in turn improve the household economy and the owners’ repayment ability. 

In other words, the result shows that almost all the EE measures are safe in terms of improved 

repayment ability and have predictable cash flows.  

In order to evaluate the magnitude of the default for the future cash flows and the repayment 

ability, a sensitivity analysis of the interest rate, discount rate, energy prices and technical 

lifetime have been conducted. This is due to the fact that all the predictions of the future are 

inherently uncertain and the assumptions could therefore have a large impact on the result of 

the MAC curves (Baker & Barron, 2013). 

The interest rate has been tested in three levels 4%, 6% and 8%. The result shows that all the 

eight measures were still profitable to implement even with 6% interest rate. In the case of 

8%, the only measures that provided negative NPV were the solar collector and the solar 

panels. Some of the measures provided negative cash flow the first years which means that 

the repayment ability of the borrower was deteriorated in those years. For instance, with 6% 

interest the downhole heat exchanger provided negative cash flow in the first two years but 

during its technical life time this measure provided positive NPV. The negative cash flow in 

the first two years could imply a risk for the bank as the borrowers’ economy deteriorated in 

those years. In overall, the interest rate does not have a major effect on the NPV. 
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The uncertainty about the future savings from the EE improvements has led to higher discount 

rate requirements as a compensation for the risk taken (Kooreman, 1995; Bierth et al., 2010). 

The discount rate has been defined as the risk taken that involves the uncertainty about future 

energy savings in terms of maintenance costs and other hidden costs. The risk taken could 

have the same characteristics as typical private sector investment which is around 6% 

(Howarth, 2004). Since the interest expenses have been calculated separately as future cash 

outflow, the discount rate does not reflect a compensation for the interest expenses.  

The discount rate has been varied in order to evaluate the impact of higher discount rates on 

the repayment ability and future cash flows of the borrower. The discount rate has been tested 

with rates of 4%, 6% and 8%. With discount rates of 4%, 6% and 8%, all the measures 

provided positive NPV except the solar panels. From the banks perspective, even when a 

borrower sets high discounting rates, the borrower will still have positive cash flow and in 

turn be able to repay the loan. 

The uncertainty about the benefits of the EE is also related to the volatility of the energy 

prices. On the other hand, investments in EE reduce homeowners’ vulnerability to large 

swings in energy prices. Thus, EE measures have ambiguous effects on the overall financial 

risk facing households (Howarth, 2004). If the borrowers’ future energy savings is affected, it 

would also affect the borrowers’ repayment ability, which in turn affects the bank. Therefore, 

the risks of the borrowers are also the banks’ risks (Jeucken & Bouma, 1999). As discussed in 

the previous chapter about the energy prices, all the studies indicate that the energy prices will 

successively increase in the future (Energiutskottet, 2013; Långsiktsprognos, 2012; 

Långsiktsprognos, 2010).  

The energy prices have therefore been tested with both low and high development with rates 

of 1%, 2% and 4%. With 4% energy price development, even the solar collector begins to 

provide a positive cash flow after 4 year. The solar panels were still an unprofitable measure 

even with 4% increase in energy prices. In overall, greater development of the energy prices 

will lead to beneficial effects for homeowners in form of energy cost savings, which in turn 

will improve the household economy and the repayment ability. 

Different measures of EE can have shorter or longer life, depending on what kind of measure. 

In this study, it has been assumed that the measure will operate during the measures lifetime 

or less. As shorter lifetime can affect the borrowers’ cash flow, it can also affect the banks’ 

risks. Assuming that measures will operate during the technical lifetime and less was 

therefore important in order to ensure the profitability of the measures for the bank. The 

results shows that even with 20% reduction of the technical lifetime, the measures were still 

profitable to implement except the solar panels and collectors. The results indicate that shorter 

lifetime should not affect the decision of investing in these measures. 
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6.3.1 Summary of Analysis  

As banks usually prefer safe investments in terms of stable and predictable cash-flows at 

known and manageable risk (De T’serclaes, 2007; Sweatman & Managan, 2010), it was of 

interest to verify empirically whether the EE measures meet these objectives. The results have 

shown that eight of nine possible measures were still profitable after covering the initial 

investment and interest expenses. This will in turn improve the household economy and the 

owner’s repayment ability. The factors that have been tested in the sensitivity analysis were: 

Interest rate, Discount rate, Energy prices and Technical lifetime.  The results have shown 

that no single factor had a major effect of the results. 
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7. CONCLUSION  

This chapter presents the main conclusions that can be drawn from the analysis made in the 

previous chapter. The conclusions are followed by a discussion about the limitations and 

contributions of the research, implications on sustainability, and ends with suggestions on 

future research. 

The objective of this study is to analyze the difficulties and the potential benefits of financing 

EE investments in order to provide knowledge for the bank that is crucial when evaluating the 

risks and benefits and when creating financing models for these measures. The main research 

question that was proposed to fulfill the objective was: How can financial institutions promote 

energy efficiency measures in the residential sector while still maintaining profitability? Two 

sub-questions were derived from the main one and were answered by conducting a case study in 

the Group Lending at Swedbank and an archival study of EPCs. How bank can promote EE can 

be answered with the help of the two sub-questions:   

RQ1: How viable is the energy efficiency measures in terms of economic and 

environmental aspects? 

In order to provide useful knowledge for banks about the EE measures, it was necessary to 

verify empirically the viability of the EE measures in terms of economic and environmental 

aspects. The following table shows the cost savings over the measures’ lifetime and the 

annual energy savings. The results have shown that eight of nine possible measures were still 

profitable after covering the initial investment and interest expenses, see table 9. 

Table 9. Shows the cost savings over the measures’ lifespan and the annual energy savings. 

 

Downhole 

heat 

exchangers 

Air/Water 

Heat 

Pump 

District 

Heating 

Air/air 

heat 

pump 

New 

windows 

Wind 

insulation 

Facade 

insulation 

Solar 

collectors 

Solar 

panels 

Reduced 

energy 

use 

[kWh/Y] 

16000 14200 154 6710 3300 1620 1310 1540 2710 

NPV 

[TSEK] 
164 173 115 101 82 60 37 8 -100 

 

The most profitable measures were when switching from direct acting electricity to other 

heating systems such as downhole heat exchanger, air/water heat pump and replacement to 

district heating. The only measure that was not profitable were the solar panels due to their 

high initial investment and low energy saving.  



56 

 

The factors that have been tested in the sensitivity analysis in order to evaluate the risks were: 

Interest rate, Discount rate, Energy prices and Amortization period.  The results have shown 

that no single factor had a major effect on the results. This indicates that almost all the EE 

measures are safe in terms of repayment ability and have predictable cash flows.  

RQ2: How would a financing model be constructed for the energy efficiency measures? 

The existing method of setting the interest rate consists of four factors: Funding cost, 

Administrative costs, Economic profit and Capital base cost. All these aspects do not take into 

account the characteristics of the EE measures. EE investments, unlike other unsecured loans, 

improve the borrowers’ economy and the repayment ability as the EE measures provide 

annual energy cost savings. This will in turn decrease a borrower’s probability of default. EE 

measures have also a positive impact on a house’s value where 60-100% of the initial 

investment will be reflected on the value of a house. This will in turn decrease the LTV ratio 

of a borrower in the future and implies that a bank can hold less equity and instead use this 

equity to other investments.  

In order to adapt the current pricing method to the EE measures, the pricing method should 

take into consideration factors like future cash flows, the impact on the house’s value and the 

environmental risk. Integrating environmental considerations into the credit assessment 

implies higher default prediction accuracy for the bank. Banks with better knowledge of the 

quality of EE investments than the competitors can use the information advantage to translate 

it into better profitability figures.  

 

How can financial institutions promote energy efficiency measures in the 

residential sector while still maintaining profitability? 

 

The results from the two sub-questions indicate that the current pricing method of the interest 

rate is not suited to the nature of the EE investments. EE investments have unique 

characteristics that differ from other loans, such as predictable cost savings, value increasing 

of a house, and reduce environmental risks. From a bank’s perspective, these characteristics 

imply lower probability of default and decrease the LTV ratio of a borrower and entail stable 

and predictable investment.  

From the MAC curve result, the measures that reduced the energy consumption the most were 

also the most profitable measures, which in this case were replacement to other heating 

systems. These measures imply the lowest risk for the bank in terms of repayment ability, and 

safe and predictable cash flows.  

The results also indicated that most of the measures provided low or negative net cash flow in 

the first few years. This makes it difficult for households to see the economic viability of EE 
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investments in the short term, which in turn inhibit the development of this sector. The bank 

could help to overcome this barrier by adjusting the current financing model to better fit these 

types of investments. This could be done by adjusting the amortization payments so 

borrowers amortize less at the beginning and more at the end. Furthermore, the bank could 

adjust the interest rate pricing model after the characteristics of the EE measures in order to 

have a standardized evaluation model that takes into account the multiple benefits of EE 

investments. 

7.1 Limitations and Contributions of the Research 

This thesis has contributed with a new perspective and deeper understanding of the nature of 

EE measures as an investment opportunity. This study has also demonstrated the risks and 

benefits of EE investments and provided a forecast of the future energy cost savings. 

Additionally, the thesis has provided a package of all the effects of implementing EE 

measures where it have demonstrated how the value of a house is affected, the risks of 

implementing EE measures in terms of the borrowers repayment ability  and an overall 

understanding of the nature of EE investments. This thesis has also demonstrated how a 

potential financing model could be constructed where the study has analyzed the components 

that have to be added on the traditional interest rate pricing model in order to be better suited 

for EE measures. However, the research is subject to some limitations.        

In this thesis an attempt has been made to investigate the process of the interest rate setting 

model in Swedbank by using semi-structured interviews. Getting the right interviewees that 

could answer the researchers questions took longer time than expected which in turn slowed 

down the iterative process of the thesis. Faster iterative process could potentially lead to better 

quality of the findings regarding the process of interest rate setting of other products as well, 

for instance a potential EE loan product. In other words, the time it took to get an interview 

had an impact on the efficiency of answering the research questions.  

Another factor that had a potential impact on the quality of the findings was that it took long 

time to get the EPCs data from the NBHBP. The data could be processed further on to find 

potential connections that could be used in order to take better assumptions and conclusions. 

The Energy Agency Calculator cannot provide precise calculations of e.g. investment cost, 

annual energy savings, which might have an effect on the results. 

7.2 Implications on Sustainability 

The increasing public concern regarding private corporations which should not only earn 

profits and provide returns to shareholders, but also work as a good corporate citizen and 

socially responsible organization, has been widely spread to the largest transnational 

corporations, and have been raised by companies in both richer and poorer countries 
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(Rondinelli, 2007). In accordance with that, it was of interest to discuss the implications of the 

results in this study with respect to sustainable development. The most accepted and common 

definition of sustainable development was defined by the World Commission on Environment 

and Development as “The development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (Brundtland, 1987). 

The implication of sustainable development has different interpretations but the most 

common interpretation is the triple bottom line where the three equally important aspects have 

been identified. The three aspects represent the economic prosperity, environmental quality, 

and social justice (Elkington, 1997). A discussion of the implications of sustainability with 

regard to these three aspects will be presented below. 

7.2.1 Economic Sustainability 

The economic dimension refers to financial viability and includes aspects of competitiveness 

and long-term profitability (Jamali, 2006). The objective of this study was to analyze the 

difficulties of financing EE investments in order to provide knowledge to the bank that is 

crucial when evaluating the risks and benefits and when constructing financing models for 

these measures. The main reason for the bank to gain knowledge about EE investments and 

have better assessment processes is to have sustainable competitive advantage in this market 

and obtain long-term profitability. The results from this study have therefore a positive effect 

on the economic sustainability of the bank. 

7.2.2 Environmental Sustainability 

The environmental dimension refers to an organization's impact on living and non‐living 

natural systems. This implies more than following government regulations but also a 

comprehensive approach to companies’ operations and products which also include 

assessment of business processes and products (Jamali, 2006). The results of this study have a 

direct impact on the environmental sustainability of the bank. Improving the assessment 

process of EE measures facilitate the development of this market which in turn have a positive 

effect on the environment.  

7.2.3 Social Sustainability 

The social dimension refers to the impact of the organization on the social systems where a 

company operates. It involves issues related to public health, community issue, human rights 

etc. (Jamali, 2006). By promoting EE in the residential sector, the bank takes responsibility 

for the society in terms of promoting to a better environment, which in turn positively affects 

the public health and the society in which it operates. 
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7.3 Future Research 

A part of this study has investigated the traditional interest rate setting model and which 

components should be added on in order to create a suitable financing model for EE 

investments. This study found several aspects and components which could be integrated into 

the traditional interest rate model. A future research could therefore examine how a bank 

receives these findings and examines the possibility of success of integrating the proposed 

components into the traditional interest rate model.  

Additionally, a case study of a house with the same characteristics as the chosen detached 

house in this study could also be a possible future research. The case study could investigate 

and demonstrate the implementation of EE measures and the actual energy cost savings as 

well as how the house value would be affected as a consequent. Furthermore, examine the 

aspects that prevent the house owners' decision to implement EE measures through interviews 

with several homeowners alternatively through surveys. 

  

 

 

 

 

 

 

 

 

 

 



60 

 

REFERENCES  

Akerlof, G. A. (1970). The market for" lemons: Quality uncertainty and the market 

mechanism. The quarterly journal of economics, 488-500.  

Andrén, N., Eriksson, T., & Hansson, S. (2003). Finansiering. Liber.  

Australian Bureau of Statistics. (2008). Energy Efficiency Rating and House Prices in the 

ACT. Report for Department of the Environment, Water, Heritage and Arts. 

Banfi, S., Farsi, M., Filippini, M., & Jakob, M. (2008). Willingness to pay for energy-saving 

measures in residential buildings. Energy economics, 30(2), 503-516. 

Bankföreningen, S. (2014). Rekommendation om individuella amorteringsplaner för Bolån. 

Available at: http://www.swedishbankers.se/Documents/2014-

4%20Rekommendation%20om%20amorteringsplaner.pdf [Accessed 2015-03-25]. 

Bankföreningen, S. (2013). Bankerna i Sverige. Available at: 

http://www.swedishbankers.se/Documents/1503_Bankerna%20i%20sverige.pdf [Accessed 

2015-03-22]. 

Basel Committee. (2005). An Explanatory Note on the Basel II IRB Risk Weight Functions. 

Beau, E., Hill, J., Hussain, T., & Nixon, D. (2014). Bank funding costs: what are they, what 

determines them and why do they matter?. Bank of England Quarterly Bulletin, Q4. 

Berk, J. B., & DeMarzo, P. M. (2014). Corporate finance. Pearson Education. 3rd ed. ISBN 

978-0-13-299247-3. 

Bierth, C., Peyman, H., & Svedova, J. (2010). Addressing the Barriers to Energy Efficiency in 

Vancouver. ISIS Research Centre, Sauder School of Business, University of British 

Columbia. 

Bio Intelligence Service, Lyons R. & IEEP. (2013). Energy performance certificates in 

buildings and their impact on transaction prices and rents in selected EU countries. Final 

report prepared for European Commission (DG Energy)). 

Blöchlinger, A., & Leippold, M. (2006). Economic benefit of powerful credit scoring. Journal 

of Banking & Finance, 30(3), 851-873. 

Boverket. (2009). Regelsamling för byggande, BBR 2008. Supplement Februari 2009, 9 

Energihushållning, BFS 1993: 57 med ändringar tom BFS 2008: 20 (Building Regulation 

Code, Energy). 

http://www.swedishbankers.se/Documents/2014-4%20Rekommendation%20om%20amorteringsplaner.pdf
http://www.swedishbankers.se/Documents/2014-4%20Rekommendation%20om%20amorteringsplaner.pdf
http://www.swedishbankers.se/Documents/1503_Bankerna%20i%20sverige.pdf


61 

 

Boverket. (2009b). Utvärdering av systemet med energideklarationer. (“Evaluation of the 

energy performance certificate system”) (Uppdrag nr 12 Uppföljning av energideklarationer 

enligt regleringsbrev för budgetåret 2009 avseende Boverket. M2008/4791/A) (in Swedish). 

Boverket. (2009b). Utvärdering av systemet med energideklarationer. (Uppdrag nr 12 

Uppföljning av energideklarationer enligt regleringsbrev för budgetåret 2009 avseende 

Boverket. M2008/4791/A). 

Boverket. (2013). Optimala kostnader för energieffektivisering: underlag enligt 

Europaparlamentets och rådets direktiv 2010/31/EU om byggnaders energiprestanda. 

Rapport 2013:2. 

Burton, I. (1987). Report on Reports: Our Common Future: The World Commission on 

Environment and Development. Environment: Science and Policy for Sustainable 

Development, 29(5), 25-29. 

Brounen, D., & Kok, N. (2011). On the economics of energy labels in the housing 

market. Journal of Environmental Economics and Management, 62(2), 166-179. 

Brownlee M. (2013). Financing Residential Energy Savings: Assessing Key Features of 

Residential Energy Retrofit Financing Programs. Sustainable Prosperity. University of 

Ottawa. 

Brundtland, G. (1987). Our common future: The world commission on environment and 

development. Oxford: Oxford University Press. 

Brunke, J. C., & Blesl, M. (2014). A plant-specific bottom-up approach for assessing the cost-

effective energy conservation potential and its ability to compensate rising energy-related 

costs in the German iron and steel industry. Energy Policy, 67, 431-446. 

Cajias, M., & Piazolo, D. (2013). Green performs better: energy efficiency and financial 

return on buildings. Journal of Corporate Real Estate, 15(1), 53-72.  

Cerin, P., Hassel, L. G., & Semenova, N. (2014). Energy Performance and Housing Prices. 

Sustainable Development, 22(6), 404-419. 

Collis, J., & Hussey, R. (2014). Business research: a practical guide for undergraduate and 

postgraduate students. Palgrave Macmillan. 4th edition. 

De Melo, C. A., de Martino Jannuzzi, G., & Tripodi, A. F. (2013). Evaluating public policy 

mechanisms for climate change mitigation in Brazilian buildings sector. Energy Policy, 61, 

1200-1211. 



62 

 

Dezső, L., & Loewenstein, G. (2012). Lenders’ blind trust and borrowers’ blind spots: A 

descriptive investigation of personal loans. Journal of Economic Psychology, 33(5), 996-

1011. 

DiCicco-Bloom, B. & Crabtree, B. F. (2006). The qualitative research interview. Medical 

Education 40 (4): 314-321.  

Dinan, T. M., & Miranowski, J. A. (1989). Estimating the implicit price of energy efficiency 

improvements in the residential housing market: A hedonic approach. Journal of Urban 

Economics, 25(1), 52-67. 

Economics, C. (2012). Multiple benefits of investing in energy efficient renovation of 

buildings. Commissioned by Renovate Europe. 

Elkington, J. (1997). Cannibals with forks: The triple bottom line of 21st century. Oxford 

Centre for Innovation. Capstone Publishing Limited. 

Energikalkylen. (2015). Available at: http://energikalkylen.energimyndigheten.se/ [Accessed 

2015-04-05]. 

Energiutskottet, Kungl. Vetenskapsakademien. (2013). Sveriges elpriser – en analys av den 

nordiska elmarknaden. 

Environment and Health Administration. (2012). Stockholm action plan for climate and 

energy 2012–2015 with an outlook to 2030. 

European Commission. (2010). Energy 2020: A strategy for competitive, sustainable and 

secure energy, Europe’s Energy Portal. Available at: http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:52010DC0639&from=EN [Accessed at 2015-02-20]. 

European Commission. (2013). Financial support for energy efficiency in buildings. Text 

with EEA relevance.  Available at: 

https://ec.europa.eu/energy/sites/ener/files/documents/swd_2013_143_accomp_report_financi

ng_ee_buildings.pdf. [Accessed 2015-02-20]. 

European Commission. (2014). Energy Efficiency and its contribution to energy security and 

the 2030 Framework for climate and energy policy. Available at: 

http://ec.europa.eu/energy/sites/ener/files/documents/2014_energy_efficiency_communicatio

n.pdf [Accessed 2015-02-20]. 

Finansinspektionen. (2014). Capital requirements for Swedish banks. FI Ref: 14-6258. 

http://energikalkylen.energimyndigheten.se/
https://ec.europa.eu/energy/sites/ener/files/documents/swd_2013_143_accomp_report_financing_ee_buildings.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/swd_2013_143_accomp_report_financing_ee_buildings.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/2014_energy_efficiency_communication.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/2014_energy_efficiency_communication.pdf


63 

 

Finansinspektionen. (2015). Dictionary. Available at: http://www.fi.se/Ordlista/ [Accessed 

2015-03-20]. 

Fuerst, F., McAllister, P., Nanda, A., & Wyatt, P. (2015). Does energy efficiency matter to 

home-buyers? An investigation of EPC ratings and transaction prices in England. Energy 

Economics. 

Garg, A., Shukla, P. R., Maheshwari, J., & Upadhyay, J. (2014). An assessment of household 

electricity load curves and corresponding CO2 marginal abatement cost curves for Gujarat 

state, India. Energy Policy, 66, 568-584. 

Gilmer, R. W. (1989). Energy labels and economic search: an example from the residential 

real estate market. Energy Economics, 11(3), 213-218. 

Halcomb, E. J., & Davidson, P. M. (2006). Is verbatim transcription of interview data always 

necessary?. Applied Nursing Research, 19(1), 38-42.  

Halvorsen, R., & Pollakowski, H. O. (1981). The effects of fuel prices on house prices. Urban 

Studies, 18(2), 205-211. 

Hasanbeigi, A., Morrow, W., Sathaye, J., Masanet, E., & Xu, T. (2013). A bottom-up model to 

estimate the energy efficiency improvement and CO2 emission reduction potentials in the 

Chinese iron and steel industry. Energy, 50, 315-325. 

Heier, J. (2013). Paketering av energisparåtgärder i småhus. 

Holme, I. M., Solvang, B. K., & Nilsson, B. (1997). Forskningsmetodik: om kvalitativa och 

kvantitativa metoder. Studentlitteratur. 

Hyland, M., Lyons, R. C., & Lyons, S. (2013). The value of domestic building energy 

efficiency—evidence from Ireland. Energy Economics, 40, 943-952. 

Högberg, L. (2013). The impact of energy performance on single-family home selling prices 

in Sweden. Journal of European Real Estate Research, 6(3), 242-261. 

Initiative’s, U. F. (2009). Energy efficiency and the finance sector. 

Investopedia. (2015). Economic Profit (Or Loss). Available at: 

http://www.investopedia.com/terms/e/economicprofit.asp [Accessed 2015-04-03]. 

Investopedia. (2015). Unsecured Loan. Available at:   

http://www.investopedia.com/terms/u/unsecuredloan.asp [Accessed 2015-04-02]. 

http://www.fi.se/Ordlista/
http://www.investopedia.com/terms/e/economicprofit.asp
http://www.investopedia.com/terms/u/unsecuredloan.asp


64 

 

IVSC, International Valuation standards Council. (2015). International Valuation Glossary. 

Available at: http://www.ivsc.org/glossary#letter_m [Accessed 2015-05-10]. 

Jamali, D. (2006). Insights into triple bottom line integration from a learning organization 

perspective. Business Process Management Journal, 12(6), 809-821. 

Jeucken, M. H., & Bouma, J. J. (1999). The changing environment of banks. Greener 

Management International, 1999(27), 20-35. 

Johnson, R. C., & Kaserman, D. L. (1983). Housing Market Capitalization of Energy‐Saving 

Durable Good Investments. Economic Inquiry, 21(3), 374-386. 

Joppe, M. (2000). The research process. Retrieved February, 25, 1998.  

Karlsson, M., Shahnazarian, H., & Walentin, K. (2009). Vad bestämmer bankernas 

utlåningsräntor?. Available at: http://nationalekonomi.se/filer/pdf/37-7-mkhskw.pdf 

[Accessed 2015-04-20]. 

Kaza, N., Quercia, R., & Tian, C. Y. (2014). Home Energy Efficiency and Mortgage Risks. 

Cityscape, 16(1). UNC Center for Community Capital, Department of City and Regional 

Planning, University of North Carolina at Chapel Hill and Robert J. Sahadi, Institute for 

Market Transformation. 

Kok, N., & Kahn, M. E. (2012). The value of green labels in the Californian housing 

market. A Report to California’s Sustainable Building Task Force. 

Kooreman, P. (1995). Individual discounting and the purchase of durables with random 

lifetimes. Economics Letters, 48(1), 29-32. 

Kesicki, F. (2010). Marginal abatement cost curves for policy making–expert-based vs. 

model-derived curves. In IAEE’s 2010 International Conference. Rio de Janeiro. 

Kesicki, F., & Ekins, P. (2012). Marginal abatement cost curves: a call for caution. Climate 

Policy, 12(2), 219-236. 

Kesicki, F., & Strachan, N. (2011). Marginal abatement cost (MAC) curves: confronting 

theory and practice. Environmental science & policy, 14(8), 1195-1204. 

Lancaster, K. (1971). Consumer Demand: A New Approach. Columbia University Press, New 

York.  

Laquatra, J. (1986). Housing market capitalization of thermal integrity. Energy Economics, 

8(3), 134-138. 

http://www.ivsc.org/glossary#letter_m
http://nationalekonomi.se/filer/pdf/37-7-mkhskw.pdf


65 

 

Levihn, F., Nuur, C., & Laestadius, S. (2014). Marginal abatement cost curves and abatement 

strategies: Taking option interdependency and investments unrelated to climate change into 

account. Energy, 76, 336-344. 

Ljung, S. Byggnads. (2012). Energieffektivisering av bostäder: klimatpolitiska utmaningar 

och hur vi kan ta tillvara tyska erfarenheter av energisparlån. 

Lutsey, N. P. (2008). Prioritizing climate change mitigation alternatives: Comparing 

transportation technologies to options in other sectors. Institute of Transportation Studies. 

Långsiktsprognos. (2012). En konsekvensanalys av gällande styrmedel inom energi- och 

klimatområdet. ER 2013:03. Available at: 

http://www.energimyndigheten.se/Global/Statistik/Prognoser/L%C3%A5ngsiktsprognos%20

2012.pdf [Accessed 2015-04-03]. 

Långsiktsprognos. (2010). ER 2011:03. Available at: 

http://www.transportroadmap.se/pdf/ER201103w.pdf [Accessed 2015-04-03]. 

Marcin, T. C. (1992). A Characteristic Model Approach to Demand Analysis for Wood 

Composites. In Proceedings of an International Symposium, Seattle, USA. 

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded 

sourcebook. Sage. 

Meier, A. K. (1982). Supply curves of conserved energy. Lawrence Berkeley National 

Laboratory. 

Nair, G., Gustavsson, L. & Mahapatra, K. (2010). Owners perception on the adoption of 

building envelope energy efficiency measures in Swedish detached houses. Applied Energy, 

Vol. 87 No. 7, pp. 2411-2419.  

Nauclér, T., & Enkvist, P. A. (2009). Pathways to a low-carbon economy: Version 2 of the 

global greenhouse gas abatement cost curve. McKinsey & Company, 192. 

Nygren, I. (2003). Inventering av eluppvärmda småhus i Sverige, samt val av typhus. 

OECD/IEA (2008). Energy Policies of IEA Countries – Sweden 2008 Review. OECD/IEA, 

Paris. Available at: www.iea.org/publications/freepublications/publication/Sweden2008.pdf 

[Accessed 2015-03-20]. 

Riksbanken. (2014). Stricter capital requirements for Swedish banks – effects on the 

macroeconomy. Monetary policy report. 



66 

 

Riksbanken. (2014). From A to Z: the Swedish mortgage market and its role in the financial 

system. ISBN 978-91-89612-81-5. 

Riksdagen. (2015). Lag (2006:985) om energideklaration för byggnader. Available at: 

www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-om-

energideklar_sfs-2006-985/ [Accessed 2015-04-13]. 

Rondinelli, D. A. (2007). Globalization of sustainable development: Principles and practices 

in transnational corporations. Multinational Business Review, 15(1), 1-24. 

Sarkar, A., & Singh, J. (2010). Financing energy efficiency in developing countries—lessons 

learned and remaining challenges. Energy Policy, 38(10), 5560-5571. 

Sathaye, J. (2011). Bottom-up representation of industrial energy efficiency technologies in 

integrated assessment models for the cement sector. Lawrence Berkeley National Laboratory. 

Sayce, S., Sundberg, A., & Clements, B. (2010). Is sustainability reflected in commercial 

property prices: an analysis of the evidence base. 

Statistics Sweden (2014). Villa vanligaste boendeformen. Available at: 

http://www.scb.se/sv_/Hitta-statistik/Artiklar/Villa-vanligaste-boendeformen/ [Accessed 

2015-04-24]. 

Stoft, S. E. (1995). The economics of conserved-energy" supply" curves. The Energy Journal, 

109-137. 

Sweatman, P., & Managan, K. (2010). Financing Energy Efficiency Building Retrofits. 

Climate Strategy and Partners. 

Swedish Energy Agency. (2010). Finansieringsinstrument för energieffektivisering. ISSN 

1403-1892.  

Swedish Energy Agency. (2012). Energy in Sweden 2012. Available at: 

https://www.energimyndigheten.se/Global/Engelska/Facts%20and%20figures/Energy_in_swe

den_2012.pdf [Accessed 2015-03-23]. 

Swedish Energy Agency. (2015). Energideklaration av byggnader. Available at: 

http://www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-

om-energideklar_sfs-2006-985/ [Accessed 2015-04-13]. 

Swedish Energy Agency. (2013). Energy statistics for one- and two-dwelling buildings in 

2013. Available at: https://energimyndigheten.a-

w2m.se/FolderContents.mvc/Download?ResourceId=2974[Accessed 2015-03-27]. 

http://www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-om-energideklar_sfs-2006-985/
http://www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-om-energideklar_sfs-2006-985/
http://www.scb.se/sv_/Hitta-statistik/Artiklar/Villa-vanligaste-boendeformen/
https://www.energimyndigheten.se/Global/Engelska/Facts%20and%20figures/Energy_in_sweden_2012.pdf
https://www.energimyndigheten.se/Global/Engelska/Facts%20and%20figures/Energy_in_sweden_2012.pdf
http://www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-om-energideklar_sfs-2006-985/
http://www.riksdagen.se/sv/Dokument-Lagar/Lagar/Svenskforfattningssamling/Lag-2006985-om-energideklar_sfs-2006-985/


67 

 

The Economist. (2008). Opinion Section: The Elusive Negawatt. Available at: 

http://www.economist.com/node/11326549 [Accessed 2015-04-03]. 

The Swedish Government (2009a) En sammanhållen klimat och energipolitik – energi. Prop. 

2008/09:163 (government bill) Ministry of Enterprise, Energy and Communications. 

Thomas, L. C., Edelman, D. B., & Crook, J. N. (2002). Credit scoring and its applications. 

Siam. 

Thompson, P., & Cowton, C. J. (2004). Bringing the environment into bank lending: 

implications for environmental reporting. The British Accounting Review, 36(2), 197-218. 

Tilburg, V. X., Würtenberger L. & Tinoco R. R. (2010). Policy Brief: Marginal Abatement 

Cost (MAC) Curve. Energy research Centre of the Netherlands. 

Tuladhar, S. D., Yuan, M., Bernstein, P., Montgomery, W. D., & Smith, A. (2009). A top–

down bottom–up modeling approach to climate change policy analysis. Energy Economics, 

31, S223-S234. 

De T’Serclaes, P. (2007). Financing energy efficient homes. IEA Information Paper. Paris, 

France. 

Törsleff, B., & Silver, L. (2009). Miljöklassad Byggnad–En källa vid Bankers 

kreditbedömning. 

UNEP. (1992). Banking and the Environment—A Statement by Banks on the Environment and 

Sustainable Development. United Nations Environment Programme, Geneva. 

UNEP Finance Initiative, Principles for Responsible Investment, United Nations Conference 

on Trade and Development & United Nations Global Compact. (2015). Private Sector 

Investment and Sustainable Development.  

Villaägarnas riksförbund. (2010). Boendekostnadsutredning. Available at: 

http://www.villaagarna.se/Global/Dokument/Utredningar/2010/Boendekostnadsutredningen_

2010.pdf [Accessed 2015-03-20]. 

Vijay, S., DeCarolis, J. F., & Srivastava, R. K. (2010). A bottom-up method to develop 

pollution abatement cost curves for coal-fired utility boilers. Energy policy, 38(5), 2255-

2261. 

Warren-Myers, G., & Reed, R. (2010). The challenges of identifying and examining links 

between sustainability and value: evidence from Australia and New Zealand. The Journal of 

Sustainable Real Estate, 2(1), 201-220. 

http://www.economist.com/node/11326549
https://www.unglobalcompact.org/resources?commit=search&resource_search%5Bauthor%5D%5B%5D=124
https://www.unglobalcompact.org/resources?commit=search&resource_search%5Bauthor%5D%5B%5D=75
https://www.unglobalcompact.org/resources?commit=search&resource_search%5Bauthor%5D%5B%5D=128
https://www.unglobalcompact.org/resources?commit=search&resource_search%5Bauthor%5D%5B%5D=128
https://www.unglobalcompact.org/resources?commit=search&resource_search%5Bauthor%5D%5B%5D=1
http://www.villaagarna.se/Global/Dokument/Utredningar/2010/Boendekostnadsutredningen_2010.pdf
http://www.villaagarna.se/Global/Dokument/Utredningar/2010/Boendekostnadsutredningen_2010.pdf


68 

 

Xu, T. T. (2011). Development of bottom-up representation of industrial energy efficiency 

technologies in integrated assessment models for the iron and steel sector. Lawrence 

Berkeley National Laboratory. 

Yang, X., Teng, F., & Wang, G. (2013). Incorporating environmental co-benefits into climate 

policies: A regional study of the cement industry in China. Applied Energy, 112, 1446-1453. 

Yin, R. K. (2009). Case Study reserach: Design and Methods. Fourth ed. London: Sage 

Publications. 

 

 

 

 

 

 

 

 



69 

 

APPENDIX 1: ENERGY PRICE FORECASTS 2013 - 2042 IN THE 

2012 PRICE LEVEL  

 

Source: Statens energimyndighet Elpris: Långsiktsprognos, 2012, Fjärrvärmepris: 

Långsiktsprognos, 2010. 
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APPENDIX 2: TYPICAL DETACHED HOUSES FROM DIFFERENT 

CONSTRUCTION PERIODS 

 

Source: Nygren, I. 2003. Dalarna University. Inventering av eluppvärmda småhus i Sverige samt 

val av typhus. ISRN DU-SERC--83—SE. 

 

 


