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1 INTRODUCTION 

1.1 Background 

Energy consumption in buildings sector constitutes a large part of the total global 

energy usage. This makes it a vital area of interest in terms of energy efficiency 

improvement. Over the years a large amount of research has explored the energy 

saving potential in buildings. However, in spite of considerable advances in 

technology and know-how, numerous hurdles exist in the widespread diffusion of 

these innovations. Climate change and energy security issues pose an enormous 

challenge for the future and require a rather substantial paradigm shift in the way we 

deal with energy. This makes it vital to identify the various obstacles in the path 

towards achieving a long term sustainable future. 

 

1.2 Project Overview 

As per the EU goals (European Comission, 2011) the Swedish government has set 

out a national environmental goal to reduce total energy use in buildings by 50% until 

the year 2050 based on 1995 as base year (Miljödepartementet, 2009). Based on 

these goals, Royal Swedish Academy of Engineering Sciences (IVA) initiated its 

“Vägval energi” project identifying five key areas that require special attention in 

order to achieve sustainable energy use (IVA, 2008). Energy efficiency was identified 

as a prime area for a secure energy future in Sweden. In view of the government 

objectives and to examine the possibilities of energy savings in building sector, 

“Energieffektivisering i Sveriges byggnader” (Energy efficiency in Swedish buildings) 

project was launched. The aim of the project is to work with different stake holders in 

the building sector to develop an action plan to achieve long term energy efficiency 

target set by the government. The project will identify various hurdles and obstacles 

in the path towards energy efficiency in building sector and recommend actions 

required to overcome them.  

This thesis focuses on existing multifamily building stock based on the project goals. 

Since new construction in building sector is largely expected to be energy efficient as 

demonstrated by the current trends, the existing building stock will be the main focus 

of this investigation. 
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1.3 Boundaries 

This study focuses on existing multifamily building stock in Sweden with a particular 

emphasis on the buildings constructed during the Miljon program era. Energy used 

during the operational phase of the building life cycle, being the most predominant 

part of the life cycle energy use will be considered. The study focuses on the 

demand side of the energy rather than the supply side and energy bought by the 

building owners will the systems boundary. Figure 1 depicts the system boundaries 

of the study and the interaction of different parameters. 

 

Figure 1 System boundaries. 

 

1.4 Research Questions 

The study will try to answer the following questions: 

 What is the current status of multifamily buildings in Sweden and what is the 

importance of renovation of the existing building stock? 

 What are the main barriers in reaching the energy savings potential in the 

sector?  

 What are the major actors involved and what role can they play to influence 

the course of action?  

 What sort of impact can different actions have in future? 

 What actions are necessary to meet the future objectives? 



10 
 

1.5 Objectives 

The objectives of the thesis are to: 

 Determine the present conditions currently prevailing in the sector. 

 Formulation of future scenarios based on various drivers and renovation 

measures. 

 Identify the key obstacles, problem areas and possible ways to overcome the 

challenges based on stake holder opinion.  

 

1.6 Method of Attach  

 Literature survey: Review of the existing situation and the best practices 

being followed along with the different hurdles and recommended solutions in 

similar cases.  

 Feedback from different stake holders: Including municipalities, building 

companies and owners and companies involved in retrofitting. Identification of 

hurdles by different actors. 

 Evaluation of the issues: Model and scenario development to study the 

multifamily housing sector and future outlooks. Development of the model 

using bottom-up systems approach with STELLA.  

 In depth analysis of the issues and hurdles with the possibility of developing 

a model for presenting a clear picture.  

 Documentation and presenting the results of the study in the form of a report 

and presentation. 

 

1.7 Limitations 

This study is restricted to addressing only the existing multifamily houses. Energy 

use only includes the energy use during the operational phase and embodied energy 

during construction and demolition has not been included in the analysis. Similarly, 

only energy used has been analyzed and source of primary energy have not been 

considered. Environmental impact and cost factors are considered outside the scope 

of this study. 
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2 ENERGY USE IN MULTIFAMILY BUILDINGS 

2.1 Energy in buildings 

Energy use in residential and commercial buildings constitute about almost 40% of 

the global energy consumption (IEA, 2008) as shown in Figure 2. The situation in 

Sweden is quite similar, with residential and services sector consumption at 149TWh 

in 2009 equaling 39% of the total (Swedish Energy Agency, 2010).  

 

Figure 2 Global share in energy consumption for different sectors (IEA, 2008) 

 

Figure 3 Energy use in Sweden divided into sector and energy sources (Swedish 

Energy Agency, 2010) 
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Figure 3 shows the energy use situation according to different sectors and sources 

of energy in Sweden. Out of the total energy use in buildings sector about 60% of the 

total was used for space heating and domestic hot water (Swedish Energy Agency, 

2010). Out of about 75.3 TWh (82 TWh climatically corrected) used for space 

heating and domestic hot water production in 2008, 42% was used in single family 

houses, 32% in multifamily apartment buildings and 26% was used in commercial 

and public buildings. In the multifamily apartment buildings about 82% were heated 

by district heating, 1% from oil, 3% by electricity and 6% by heat pumps leaving the 

rest for biofuels and gas (Swedish Energy Agency, 2010).  Looking into electricity 

use, the overall electricity use in 2008 was about 70 TWh, which can be divided into 

household electricity, building services provision and heating. Here the biggest share 

was for building services electricity with more than 30 TWh followed by electric 

heating at 21 TWh and house hold electricity at 20 TWh (Swedish Energy Agency, 

2010). In apartment buildings according to the study by the Swedish Energy Agency 

and the Statistics Sweden average energy use for space heating and domestic hot 

water in multifamily apartments connected to district heating in 2009 was 148.1 

KWh/m2/year (Swedish Energy Agency, 2009) excluding household electricity and 

based on BOA+LOA area (BOA refers to the area of the dwelling used for living and 

LOA is the area used for services such as cellars, machine rooms etc.). Roughly 

84% of the multifamily apartments are heated with district heating systems (Swedish 

Energy Agency, 2009). Table 1 shows the average energy use in multifamily 

apartments categories according to the year of construction.   

Table 1 Average energy use in multifamily buildings according to the period of 
construction. (Swedish Energy Agency, 2009) 

Construction period Energy use  
[KWh/m2] 

Pre 1940 157±4 

1941-1960 159±4 

1961-1970 150±5 

1971-1980 153±6 

1981-1990 123±7 

1991-2000 124±9 

2001-  onwards 115±18 
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The use of electricity in apartment buildings is assumed to be roughly 40 KWh/m2-

year, with similar amount used for domestic hot water (Johansson, Olofsdotter, 

Rolen, & Sellberg, 2006). 

If we consider the entire life cycle consumption of energy, around 15% of energy is 

embodied energy used in construction phase of the buildings while around 85% 

energy is used for the operation and maintenance of the building, finally the energy 

used for demolition at the end of life is less than 1% of the total (IVA, 2002).This 

makes the operation phase, the most significant one from an energy point of view. 

Figure 4 shows the results from a similar study showing about fourth-fifth energy use 

in the operational phase of buildings.  

 

Figure 4 Energy use during life cycle of a building (WBCSD, 2008) 

 

2.2 Miljon programmet  

2.2.1 Background 

The post world war growth in Sweden along with increased urbanization during the 

50s and the 60s resulted in acute housing shortages in major cities like Stockholm, 

Göteborg and Malmö. This prompted the government to initiate the Miljon 

programmet in 1965, under which one million dwellings were to be built during a 

period of 10 years. At present these housing units constitute about 25% of the total 

residential buildings in Sweden. In 2006, out of a total 4.5 million homes in Sweden, 

2.5 million were apartments (Statistiska centralbyrån, 2011).  During the period 1961 
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to 1975 around 830,000 apartments were constructed (about 600,000 in the Miljon 

program) (Warfringe, 2008). Figure 5 compares the construction of apartments in 

Sweden during different time periods. 

 

Figure 5 Construction of apartments in Sweden. (Warfringe, 2008) 

 

2.2.2 Energy perspective and the need for renovation 

Multifamily apartments built during Miljon Program constitute a major part of energy 

consumption in the Swedish residential sector. Out of the 830,000 apartments 

constructed during the era, approximately 720,000 require major renovations (Burke, 

2010). Energy consumption for a typical Miljon program house can be as high as 220 

KWh/m2 – year (heated area). The energy use can be further divided into the energy 

for space heating, hot water, building services and house hold electricity as shown in 

Figure 6. 

The buildings were mostly constructed during the pre-oil crisis era using BABS 1960 

Standards (Hellström & Sandkvist, 2010). The insulation used during the time is 

quite inadequate as compared to today’s standards. The exterior walls typically have 

an insulation of 10 cm while today 20 cm is considered the minimum standard. 

Similarly for roofs 15 cm of insulation has been used, while recent standards use 

minimum 40cm. Windows used in these buildings are double glass pane with U-

values between 2.5 – 3.0 W/m2-K.  

0

100

200

300

400

500

600

700

800

900

-1931 1932-46 1947-60 1961-75 1976-90 1991-2000

N
o

. o
f 

A
p

p
ar

tm
en

ts
 (

th
o

u
sa

n
d

s)
 



15 
 

Table 2 gives a comparison of common U-values in miljon program buildings and 

current requirements. 

 

. 

Figure 6  Distribution of energy in typical Miljon Program apartment. Values in 

KWh/m2-yr, where area is heated space in the building (Warfringe, 2008). 

 

Table 2 Comparison of U-values with today’s standards (Prejer, 2009) 

Common  
U Values 
(W/m2-K) 

1970 BBR16 

Walls 0.370 0.18 

Roof 0.250 0.13 

Windows 2.0 1.30 

 

The poor energy performance of these buildings can be attributed to poor insulation 

of roof, walls and foundations, poor U-values of windows, high infiltration rates, 

frequent presence of thermal bridges, and low efficiency ventilation systems where 

heat recovery is often missing (Warfringe, 2008).  
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2.2.3 Energy saving potential  

Miljon Program buildings offer a great energy saving potential. According to some 

research carried out to assess the saving potential, approximately 30 KWh/m2 – year 

savings can be achieved by changing windows, similarly adding heat recovery and 

optimizing the ventilation system can result in 35 KWh/m2-year and 10 KWh/m2-year 

respectively (Warfringe, 2008).  

For domestic hot water about 25% saving is possible by installing better fixtures and 

influencing user behavior through metering. Similarly 30-40% energy can be saved 

by heat recovery of waste water. A large part of circulation losses can also be 

reduced by added insulation (Energimyndigheten, 2009). Better ventilation systems 

with heat recovery can result in 50-60% lower ventilation losses. Changing 

appliances to more efficient energy standards can result in up to 40% less use of 

household electricity (Zimmermann, 2009). Smart user behavior can also contribute 

to major savings.  

 

2.3 Good examples. 

Various good examples are available from projects initiated around Sweden to 

improve the energy performance of buildings built during the Miljon Program.  

Table 3 shows a summary of pre and post renovation energy use of four projects 

from Miljon program showing the potential for improving energy performance. 

 

Table 3 Energy use in four projects before and after renovation (Dalenbäck & 

Mjörnell, 2011). 

Energy use 
(kWh/m2/year)  

Before Renovation  After Renovation  

Gårdsten  263 145 

Brogården  216 65 

Backa  178 60 

Maratonvägen  145 92 
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2.3.1 Brogården 

Located in Alingsås, the buildings were constructed in 1970 and consist of a total of 

300 apartments. The apartments had a very poor energy performance, typical of 

buildings from the era, with a pre-renovation average energy use of 216 KWh/m2-

year. The renovation project started in 2008 was carried out according to passive 

house standards. The insulation in walls, roof and base has been upgraded. 

Windows have been changed and air tightness improved. Heat exchangers have 

been added to the ventilation system and thermal bridges from balconies have been 

removed. Façade has also been upgraded, while solar panels have been put in 

place to cover DHW needs.  Table 4 shows a comparison of U-values before and 

after renovation and Figure 7 compares the final energy consumption with the BBR 

standards (Bebo, 2008). The project is estimated to cost 380 million SEK or 19,800 

SEK/m2 with a very long payback period (ÅF Infrastructure AB, 2012). 

Table 4  U- values comparison before and after renovation at Brogården(Prejer, 2009) 

 U-Values (W/m2-K) 

Components  Before  After  

Walls 0.32 0.11 

Roof 0.21 0.10 

Windows 2.0 0.85 

 

 

Figure 7 Comparison of Energy comsumption with BBR requirements (Bebo, 2008) 
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2.3.2 Orrholmen 

Built during the 60s and consisting of 10, 7 floor apartment buildings, the buildings 

located in Karlstad were renovated between 2005 – 2009. The energy use prior to 

the upgrade was 255 KWh/m2-year. Through a two-step renovation program, the 

energy use has been reduced to 110 KWh/m2-year. Figure 8 shows the energy use 

before and after renovation compared to BBR requirements.  Renovation measures 

carried out include: (Bebo, 2008) 

 Insulation added to the façade with an additional 70cm polystyrene layer. 

 Windows replaced with a new U-value of 1.2 W/m2-K.  

 Additional 25cm of mineral wool insulation for the roof. 

 Heat recovery for ventilation system (FTX). 

 Fans replaced with more energy efficient ones. 

 Solar panels installed.  

 Individual metering for DHW. 

 

 

Figure 8 Comparison of energy consumption at Orrholmen (Bebo, 2008) 
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2.3.3 Gårdsten 

Located in Göteborg, the community was built between 1969-1972. Apart from the 

low energy performance of the building the area suffered from various social 

problems such as high crime rate and social segregation (Van Ha & Femenías, 

2009). A major renovation of the buildings was carried out between 1998-2004 in two 

phases in which about 500 apartments were renovated. The pre-renovation energy 

use was around 270 KWh/m2-year which was reduced to 146 KWh/m2-year. 

(Swedish Environmental Research Institute Ltd., 2009) 

Some of the steps that were undertaken to improve energy efficiency are: (Swedish 

Environmental Research Institute Ltd., 2009) 

 Exhaust air ventilation and heat recovery. 

 Solar panels for water heating. 

 Insulation added on roofs, facades and base slabs. 

 Energy efficient appliances. 

 Occupancy sensors for lighting of common areas. 

 Energy monitoring and control system. 

2.3.4 Maratonvägen – Halmstad 

This renovation project involved additional insulation of attic, new windows 

installation and renovation of walls. Natural ventilation has been replaced with 

mechanical ventilation with air heat pumps. Energy use is expected to be reduced by 

35%, from 145 to 92 KWh/m2-year not including house hold electricity (Dalenbäck & 

Mjörnell, 2011). 

 

2.4 Factors affecting efficiency in buildings 

Energy use in buildings is affected by various factors including demographics, 

economic conditions, prevailing life style, climate, and existing technology and its 

diffusion. (WBCSD, 2009) 

Many different factors influence each of the above elements in the equation 1. 

Demographics can influence the population and space per capita, as a greater older 

population leads to more single family houses. Similarly urbanization and population 
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shift can have an influence on both population and space per capita. Economic 

conditions can have a large influence on energy per m2 as it enables residents to 

spend more energy and also results in greater use of appliances. Better economic 

conditions also results in people getting bigger and more houses thus affecting the 

space per capita. It also adds to the demand for greater comfort, therefore increasing 

energy use. Energy availability also influences the user behavior. (WBCSD, 2009). 

(Nässen, Sprei, & Holmberg, 2008) have analyzed the effect of price and income 

elasticity for energy use in buildings and there seems to be a close relationship 

between these factors and energy use.  

(Nair, Leif, & Mahapatra, 2010) have divided the factors affecting energy usage into 

personal factors and contextual factors. Contextual factors include type of 

ownership, age of the building, energy prices, previous investments in energy 

efficiency and geographical location. Personal factors include demographic factors, 

such as age, income and education, awareness of energy efficiency etc. These 

factors are summarized in Figure 9. 
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Figure 9 Factors affecting energy efficiency measures in buildings 
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3 STAKE HOLDER ROLES 

3.1 Actors involved and their roles 

The complexity of actors involved in the building sector constitutes one of the biggest 

hurdles in achieving large scale energy efficiency. Rather than being centralized, like 

other sectors such as automobile industry, the market is widely segmented involving 

multitude of stake holders (WBCSD, 2008). Figure 10 shows the interaction of 

different stake holders in the building sector. 

 

 

Figure 10 Interaction of different actors in building sectors (WBCSD, 2008) 

 

The World Business Council for Sustainable Development report on energy 

efficiency in buildings (WBCSD, 2008) explores the roles of the different 

stakeholders and which are summarized in Table 5. 
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Table 5 Role of different stake holders in building sector 

Stake holder Time focus Primary role Main concern Energy 

considerations 

Local authorities Long term Regulations & building 

policies 

Strategic regional 

interests 

Important 

Capital providers Short term Investment & project 

financing 

Investment return Unimportant 

Developers Short term Property development 

based on regulations & 

financial backing 

Property value & 

cost returns with 

minimal risk 

Low  importance 

Designers, 

Engineers & 

Construction 

companies 

Short term Planning and 

constructing the 

property based on 

technical know-how 

Completion of 

tasks according to 

schedule and fixed 

resources 

Have limited 

influence in 

decision making 

Agents Short term Intermediary between 

developers and tenants 

& owners and occupiers 

Financial and 

transitionary 

Low importance 

Owners Short to long 

term 

Own and operate the 

building over a period of 

time 

Operating and 

maintenance costs 

Important 

Users Short to long 

term 

Use of buildings Lowest costs, 

energy efficiency 

Important 

 

According to the survey carried out by (Nässen, Sprei, & Holmberg, 2008) clients or 

developers and the local authorities are in best position in this network to have the 

greatest influence in the process.  

(Svenfelt, Engström, & Svane, 2011) have recommended several proposals to 

improve the interaction on energy efficiency in the highly complex actors network. 

These include government leadership in terms of stronger regulations, change in 

social structure by adopting a holistic approach, increased interaction among the 

actors by means of external authorities and incentives targeted at specific actors. 
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3.2 Hurdles in achieving energy reduction 

Hurdles in achieving energy efficiency targets are multifaceted such as pure 

economic concerns like high first costs, lack of technical know-how and attitude 

issues such as social behavior. Overall a lot of these hurdles result from a lack of 

understanding and overestimating the costs of change (WBCSD, 2009). The hurdles 

are classified into four main categories according to (BPIE, 2011) and are shown in 

Figure 11. 

 

Figure 11 Classification of hurdles. 

 

3.2.1 Financial hurdles 

The main economic hurdles arise from the usually high “first cost of investment” in 

spite of the fact that life cycle costs are usually lower. Some of the main economic 

structural hurdles discussed in various studies are. 

 Lack of funds and financing mechanisms. Absence of appropriate funding 

mechanisms has been highlighted as one of the key hurdles in investments 

towards energy improvement in buildings (BPIE, 2011). This hurdle is 

noticeable across the fields from private home owners to large and small 

public and private housing providers. Based on this in the Swedish Energy 

Efficiency Inquiry by the (Swedish Government, 2008) strategic subsidy and 

tax relief mechanisms have been recommended.  
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 Payback expectations. Many energy saving technologies, in spite of being 

economically favorable have a substantial payback time period which offers a 

major hurdle in making large investments. This is particularly true of cases 

where the investor might be unable to draw long term benefits from the 

investment.  

 Competing purchase decisions. Energy efficiency improvements are 

usually not prioritized in decision making as compared to other investments in 

retrofitting such as refitting new kitchen or bathroom etc. The attractiveness of 

energy renovations is often considered much less compared to new gadgets 

or aesthetic renovations.  

 Price signals. The relatively lower financial incentives associated with 

implementing energy performance improvement measures makes it less 

lucrative for businesses and consumers to invest. Since energy costs usually 

represent a small part of the income and energy costs typically do not reflect 

the full environmental impact of producing energy, sufficient investments are 

not made for energy efficiency improvement. 

 

3.2.2 Institutional & organizational hurdles 

Institutional and organizational hurdles are the quite important to consider in trying to 

understand the lock-in of inefficient technologies.  

 Regulatory and planning regimes. Regulatory hurdles such as weak 

implementation of regulations can impact the market to a great extent. 

Currently, energy performance requirements for new buildings have been 

clearly defined in the regulations. However, no fixed levels exist for 

renovations.   

 Institutional. In a lot of cases the institutions are not geared to meet the 

targets for energy reduction. To cope with this restructuring is often required. 

 Structural. Existing market and social structures can pose a major hurdle for 

effective cross-wide implementation of renovation measures. This can include 

owner-tenant issue, demographics of population etc. 

 Multi-stakeholder issue. The involvement of a large number of actors in the 

decision making process can often complicate the implementation of different 

policies and measures as well as making decision making quite tough. 
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3.2.3 Awareness, advice & skill barriers 

 Lack of information. With new technological developments taking place at a 

very rapid pace, it can be difficult for actors to keep themselves abreast of all 

the latest best practices, technologies and their full potential. This can result in 

miscommunication and new technologies remain unexploited to their full 

potential.  

 Awareness of saving potential. In spite of the fact that people are becoming 

more and more aware of energy efficiency related issues, there still exists a 

lack of knowledge about the saving potential that can be achieved and 

implications and results of choosing different pathways for achieving energy 

efficiency measures. 

 Skill and knowledge of building professionals. Lack of trained and skilled 

workforce in the industry is a major hurdle that can impact the quality and type 

of renovation measures undertaken. 

 

3.2.4 Separation of expenditure and benefits 

This is a major issue while making long term investments in energy improvement 

measures. Often times the stakeholder making the investments is not able to get the 

benefits of it due to rental structures etc. With a large number of rental properties this 

problem becomes a major issue.  
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4 MODELLING 

4.1 Overview 

Energy use in multifamily buildings can be divided into energy required for space 

heating, hot water usage, house hold electricity and electricity for building services. 

Figure 12 represents the overall energy use in buildings for heating. 

 

 

Figure 12 Energy balance in buildings. 

 

4.1.1  Conceptual model 

An explorative model was developed in STELLA to assess the possible impact of 

different energy renovation measures on the multi-family building sector.  The model 

was built using a “bottom-up” approach (Unger, 2010) following four major stages as 

shown in the conceptual model presented in Figure 14. The model can be run in two 

time step modes, first with a time scale of one year  and a time step of one day 

called baseline model mode and second with a 40 year time scale with a 5 year time 

step called scenario model mode.  
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Figure 13 Conceptual model. 

 

The development of the model was done in four stages: 

 

 As a first step, an energy model of a single apartment was developed based 

on the energy equation in Equation 2. 

 During the second stage the model was expanded to include the entire 

apartment building by including services electricity and shifting to Atemp areas.  

 At the third stage the model was expanded to include the entire stock of 

Swedish multi-family buildings based on population data from Boverket’s 

BETSI survey. This was followed by validation of model based on total energy 

use data available. 

 Finally in the final stage renovation measures were introduces, based on 

three broad categories i.e. technical renovation, introduction of new 

technologies and user behavior shift, in order to see the impact on energy 

use.  

 

At the interface level possibility was provided to interactively change the effect of 

different renovation measures on run-time basis and visualize the impact. 

 

4.1.2 Energy balance 

The heat balance for energy use in buildings can be summarized by Equation 2(Abel 

& Elmroth, 2007). 

 



28 
 

Q energy =  Q heat + W = Q t + Q l + Q v + Q DHW + Q dr + W f + W h 

– Q rec – Q int  - Q sol         [KWh]   Equation 2 

Where: 

Q energy  Total energy demand for the building 

Q heat  Total heading demand for the building 

W  Total electricity demand for the building 

Q t Total heat loss due to transmission losses through the building envelope 

Q l Total heat losses due to infiltration 

Q v Total heat losses due to ventilation 

Q DHW Total demand for domestic hot water 

Q dr Total distribution and control losses 

W f` Total electricity demand for pumps, fans and other building services 

W h Total electricity demand for household appliances and lighting 

Q rec Amount of heat recovered by heat exchangers 

Q int   Surplus heat due to internal gains such as people, electrical appliances etc. 

Q sol Surplus heat due to solar radiation through windows 

 

The heating demand in building is the sum of transmission losses and ventilation 

losses from which the internal gains is deducted. It is characterized by the Equation 

3.  

Q heating demand  = Q t + Q l + Q v – Q int  - Q sol [KWh]     Equation 3 

Figure 14 shows the overall energy balance implementation in the quantitative model 

for energy use in multifamily buildings. 

 

Figure 14 Model implementation of energy balance in multifamily buildings. 
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4.1.3 Interface 

The interface provides the user a possibility to change various input parameters and 

assess their impact on a runtime basis. The interface, which constitutes the top layer 

of the model, is divided into three parts 

 

Home screen: 

It is the first part of the interface and provided navigation to other parts. It also gives 

access to model settings such as sector settings and run settings. The model itself is 

divided into various sectors and there is a possibility to select one or more sectors. 

This enables the user to isolate the effect of changes pertaining to a particular 

sector. The Home screen is shown in Figure 15 below. 

 

 

Figure 15 Home screen of interface layer. 
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Baseline model: 

This part of the model controls the input parameters for the baseline model based on 

one year daily data for year 2009 shown in Figure 16. Running this model requires 

changing the “run specs” timeline from 0 to 365 and units to days. Using this model 

the energy use of a single apartment can be evaluated. The main screen provides 

navigation to a deeper layer of detailed variables, shown in Figure 17, that can have 

significant impact in terms of energy usage. Clicking on the graph shows the energy 

use in KWh/m2/year for heating demand, domestic hot water and electricity use. 

 

 

Figure 16 Baseline model control screen. 

 

The parameters are divided into five broad categories: 

 

 Base parameters include number of residents living in the apartment, 

apartment area, number of hours spent at home daily (occupancy) and the 

indoor temperature 

 U-values section allows the user to set the U-values for windows, external 

walls, attic, floor and other misc components of the envelope. This directly 

impacts the transmission losses and therefore, the heating demand. 

 Ventilation includes the ventilation flow rates and introduction of heat 

recovery. This impacts ventilation losses and correspondingly the heating 

demand. 
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 Electricity section includes increase in efficiency of appliances and a 

generalized impact of user behavior. 

 Hot water sector includes flow reduction based on better fixtures, heat 

recovery through heat exchangers, system efficiency increase and 

introduction of solar water heaters. 

  

 

Figure 17 Detailed parameters for baseline model. 

The default values for different parameters are based on statistics and are presented 

in Table 10 along with relevant references.  
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Renovation Model 

This model runs on a 40 year time perspective with a 5 year time step. It offers the 

user possibility to change the impact of different renovation measures. Different 

sections are color coded and can be enabled or disabled from the home section. 

This part is divided into five sections as well as shown in Figure 18. 

 

 

Figure 18 Interface for renovation model. 

 

 Envelope section. This section provides controls to vary input parameters 

pertaining to the envelope renovation. Renovation completion years for each 

different era of building can be inputted which in turn determine the renovation 

rate. The renovation rates can be seen by clicking the “renovation rate” 

button. User can set the U-values for external walls, attic and windows using 

the knobs below. These three components are chosen since they are the 

most frequently renovated parts of the envelope. There is also the possibility 

to apply a blanket increase in efficiency of envelope components using the 
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slider at the bottom. This is implemented as percentage efficiency increase 

per year. 

There are also buttons to see the graphical impact of changes on 

transmission losses and the numeric displays show the transmission losses at 

end of the simulation for 2050. 

 

 Ventilation section. This section lets the user chose the percentage increase 

in spread of air to air heat exchangers per year to the ventilation system in the 

building stock. The graph shows the impact of change on ventilation losses 

and the numerical value presents the end value for 2050. 

 

 Electricity. In this section the user can chose the efficiency increase per year 

in electrical appliances and the percentage increase in PV electricity per year. 

 

 Hot water. This section impacts the energy use resulting from domestic hot 

water consumption. Possibility is provided to change the spread of water heat 

recovery systems in percentage per year, system improvement based in 

increasing efficiency of heating systems, flow reduction by adding better 

fixtures and solar water heating systems. 

 

 User behavior. This section is connected to the other sections and lets the 

user determine the effects of user behavior change on energy use. Possibility 

is give to change the indoor temperature, flow reduction in hot water and 

electricity change. The changes in flow reduction and electricity use based on 

smart user behavior affect both the amount and scale and are given in 

percentage change per year which increases linearly over the years. 

 

4.1.4 Buildings data 

Building data such as areas, number of apartments, average area and number of 

occupants is based on Boverket’s (Boverket, 2010). Table 6 presents the number of 

apartments and the total floor areas categorized according to the year of 

construction. 
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Table 6 Building numbers and floor areas Atemp from different construction periods. 

Construction 

Period 

No. of buildings 

(103) 

No. of Apartments 

(103) 

Total Floor Area 

(106 m2) 

Pre 1960s 77 1031 99 

1961-1975 32 768 76 

1976-1985 12 130 14 

1985-1995 31 364 38 

1996-2005 12 102 11 

Total 165 2396 238 

 

Atemp area has been used throughout this model. Atemp is defined as “The floor area 

of the temperature-controlled facilities that are designed to be heated to more than 

10oC limited by the building envelope” (Boverket). Figure 19 compares Atemp with 

other types of floor areas typically used in energy calculations. Different area types 

used in energy statistics can sometimes cause confusion, Swedish Energy Agency 

and the Statistical Bureau use BOA+LOA area (BOA refers to the area of the 

dwelling used for living and LOA is the area used for services such as cellars, 

machine rooms etc.), while most Boverket statistics use Atemp area (defined as the 

total heated area in the building where temperature is maintained above +10oC). 

 

Figure 19 Definition of Atemp area and comparison with other area types. (Atemp area 
is represented by the dotted red line) (Fastighetsägarna, 2007) 

 

Based on the above data, the average apartment size in Sweden comes out to be 

99.33 m2 (238*106 m2 / 2396*103). Corresponding BOA+LOA area is 73 m2 with a 
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total floor area for multifamily apartments in Sweden of 173*103 m2. (Boverket, 2010) 

The average number of occupants per apartment is 2.04 according to the BETSI 

survey. (Boverket, 2010) 

 

4.1.5 Weather data 

The concept of degree days has been used in the model to calculate heat losses. 

Degree days are provide a very practical way to calculate energy demand for 

building and are defined as: 

 

“Degree-days are essentially the summation of temperature differences over time, 

and hence they capture both extremity and duration of outdoor temperatures. The 

temperature difference is between a reference temperature and the outdoor air 

temperature. The reference temperature is known as the base temperature which, 

for buildings, is a balance point temperature, i.e. the outdoor temperature at which 

the heating (or cooling) systems do not need to run in order to maintain comfort 

conditions.” (CIBSE, 2006) 

 

Easiest way to calculate degree days is to subtract the daily average temperature 

from the base temperature. For Sweden, SMHI uses a base temperature of 17oC for 

calculating degree days (SMHI). Boverket used a reference figure of 3734 degree 

days for calculations of energy use for year 2009 (Boverket, 2010). This figure was 

used for the yearly calculations in the scenario model. For the yearly model, daily 

degree days from SMHI for Uppsala region were used for base year 2009 (Vattenfall, 

2010). Figure 20 shows the degree days for year 2009. 
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Figure 20 Degree days for base year 2009 (Norrtelje Energi, 2011). 

 

Solar insolation measurements in W/m2 from The Stockholm - Uppsala County Air 

Quality Management Association were used for calculating solar gains (SLB). Figure 

21 shows the radiation levels for the year 2009. Average values from the four 

weather stations were used in calculations. 

 

 

Figure 21 Solar insolation levels in Stockholm for base year 2009. (SLB) 
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4.1.6 Building Envelope and Transmission losses 

Building envelope is described as the parts of the building that form a barrier against 

the external environment. External walls, windows, ceiling, basement floors, external 

doors and crawl spaces constitute the main part of the envelope. Heat losses 

through the building, particularly transmission and infiltration losses, are largely 

dependent on how well the building envelope is insulated (Abel & Elmroth, 2007) 

 

The magnitude of transmission losses is determined by the outdoor temperature, 

area of various envelope components and the level of insulation as shown in 

Equation 4 

 

      
  ∑       (         )  

 
          (         )  [W]    Equation 4 

 

Where 

A is the areas of different envelope components. 

U represents the U-value of different components of the envelope. U value gives a measure 

of heat loss through various building elements. U-values are also referred to as the “overall 

heat transfer coefficient”. A lower U-value indicates a higher level of thermal insulation and 

therefore, a much better energy performance.  

 

The expression in Equation 4 can be modified to can be modified to include degree 

days/year to give the annual energy losses due to transmission losses as: 

 

       ∑                      
 
    [KWh/year] 

 

Table 7 U values and total areas of different building components based on 

period of construction.gives a summary of U-values of different components used 

for analysis in the model. The values are based on BETSI survey carried out by 

Boverket (Boverket, 2010). These values are comparable to the ones presented in 

Table 2. 

 

 

Table 7 U values and total areas of different building components based on period of 
construction. 
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Component Pre 1960s 1961-1975 1976-1985 1986-1995 1995-2005 Avg./Total 

Basement 

floor 

(Ground 

plate) 

U-value 

(W/m
2
-K) 

0.36 0.28 0.29 0.26 0.22 0.30 

Area 

(10
6
 m

2
) 

24.8 17.8 4.8 12.1 2.3 61.8 

Crawl 

space 

U-value 

(W/m
2
-K) 

0.36 0.47 0.33 0.19 0.13 0.30 

Area 

(10
6
 m

2
) 

- - - - - 6.5 

Exterior 

walls 

U-value 

(W/m
2
-K) 

0.58 0.41 0.33 0.22 0.20 0.44 

Area 

(10
6
 m

2
) 

48.4 31.8 7.5 17.9 6.8 112.5 

Windows 

U-value 

(W/m
2
-K) 

2.22 2.22 2.04 1.80 1.97 2.13 

Area 

(10
6
 m

2
) 

11.9 9.2 1.7 4.5 2.1 29.4 

Horizontal 

roofs 

U-value 

(W/m
2
-K) 

0.36 0.20 0.17 0.15 0.13 0.24 

Area 

(10
6
 m

2
) 

22.3 18.7 4.6 12.4 3.6 61.6 

Overall 

envelope 

U-value 

(W/m
2
-K) 

0.67 0.56 0.41 0.38 0.43 0.56 

Area 

(10
6
 m

2
) 

98.5 75.6 14.3 37.8 11.5 237.7 

 

Basic model: 

Figure 22 shows the schematic of implementation of transmission losses in the 

model. Main input parameters are the degree days, areas of different building 

elements, U values. Figure 23 shows the detailed implementation of transmission 

losses calculations in STELLA software. Yearly Transmission losses are calculated 

for each component such as external walls, windows, attic, basement floor and misc. 

components. The losses are then summed up to find the total losses. The output is 

then given in both total losses per year in TWh and average output in KWh/m2/year. 

The results from the model were verified by comparing to the BETSI calculations for 

total transmission losses of 16 TWh for the base year 2009 (Boverket, 2010).  
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Figure 22 Top layer implementation of transmission losses in the model. 

 

Figure 23 Detailed implementation of Transmission losses. 
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Renovation of envelope: 

In the second stage renovation measures were introduced to the model. Three main 

components which are most commonly renovated in renovation process were 

considered i.e. external walls, windows and attic.  A linear rate of renovation is 

assumed.  User can specify the end of renovation for a particular building era and 

based on this the yearly renovation rate is calculated using following expression.  

The principle is explained in Figure 24 and Equation 5.  An example of renovation 

rates for different building eras is provided in Figure 25. The point where the slope 

flattens out represents complete renovation of stock from a particular era.  

 

The user can select the U-values to which the external walls, windows and attic is 

renovated to from the interface level Figure 18. This option is intended to give 

flexibility to the user to see the results from a variety of possibly alternatives and tries 

to incorporate both the speed of renovation as well as the improvement in 

technologies for insulation of buildings. 

 

                           
                 

                   
    Equation 5 

 

 

Figure 24 Calculation of renovation rates 
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Figure 25 Example of renovation rates for different periods. 

 

 

 

4.1.7 Ventilation 

Ventilation systems in buildings serve to provide optimal air quality and thermal 

comfort. It is important for the removal of pollutants and excess heat when internal 

gains are greater than required for optimal thermal comfort.  

 

The air flow in a building comprises of two components, ventilation air flow and 

infiltration air flow. Ventilation air flow is the part of the air flow that is intentionally 

provided through the ventilation system to provide the necessary air quality and 

thermal comfort. The second part infiltration represents the leaked air into the 

building due pressure difference between the interior and the exterior. For buildings 

with natural ventilation infiltration forms a necessary part of the air flow and is 

accounted in ventilation air flow (Abel & Elmroth, 2007).  

 

Energy losses due to ventilation 

Heating is required to compensate for the losses due to air change in the indoor 

environment. The heating required to compensate for heating losses resulting from 

ventilation and infiltration is dependent primarily on the indoor and outdoor 
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temperatures and the volume of air exchange. This can be represented using 

Equation 6: 

 

     
          (          )  [W]      Equation 6 

Where  

   = Volumetric flow rate [m3/s] 

  = Outdoor air density (approx. 1.2Kg/m3 at 20oC) [Kg/m3] 

   = Specific heat of air (approx. 1.007 KJ/Kg-K) [KJ/Kg-K] 

      = Indoor temperature [oC] 

     = Outdoor temperature [oC] 

 

Equation 6 above can be modified to include the annual degree days which gives us 

the energy use due to ventilation losses in KWh/year as show as.  

 

     
                                [KWh/year] 

 

 

Equation 6 can be further modified to include heat exchangers, where eta is the 

efficiency of the heat exchangers with   being the efficiency of the heat exchanger. 

 

     
          (   ) (          )  [W] 

 

Types of ventilation systems in multifamily stock 

A variety of ventilation systems are used in the multifamily building stock. Table 8 

gives an overview of different ventilation systems in multifamily buildings from each 

era. The values are in percentage of buildings with a particular system out of the 

total population from the era. Various types of ventilation systems commonly used 

are briefly explained below: 

 

 Natural ventilation: this type of ventilation instead of relying on fans uses the 

natural pressure difference between exterior and interior. The fresh air being 

drawn through gaps and leakages in the building. This limits the ability to 
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control the flow and ensure a healthy air flow especially during summers. In 

addition it results in higher energy consumption. This system is particularly 

common in buildings built before 1960s. Provision of heat recovery in this 

system is not possible. 

 F System: which is the most common form of ventilation in multifamily 

buildings is a hybrid approach and involves the use of a fan for extraction of 

exhaust air. Fresh air is supplied through leakages and vents in the building. 

The low pressure generated by the exhaust fan ensures an optimum air flow. 

 FVP System: is an extraction system fitted with an exhaust air heat pump for 

heat recovery from the exhaust air.  

 FT System: is a form of purely mechanical ventilation with fans for both 

supplied and exhaust air. A two duct system is used. Although, mostly 

common in office buildings, few apartment buildings are also equipped with 

this type of system.  

 FTX System: FT system equipped with a heat exchanger to recover heat 

from exhaust air is called a FTX system. Addition of heat exchanger can result 

in 50-60% lower energy usage as compared to similar systems without heat 

exchangers. (Swedish Energy Agency, 2011) 

Mechanical ventilation types are further divided into constant air volume (CAV), 

variable air volume (VAV) etc.  

 

Table 8 Share of different ventilation types in multifamily buildings (Boverket, 2010). 

Built year Natural 

ventilation 

F System FVP 

System 

FT System FTX 

System 

Pre 60 47 + 12 49 + 12 * ** ** 

61-75 ** 72 + 10 ** ** 13 + 8 

76 – 85 ** 58 + 13 ** ** 30 + 14 

86 – 95 ** 30 + 16 ** ** 47 + 24 

96 – 05 ** 62 + 27 ** ** ** 

Total 22 55 + 7 5 + 3 2 + 2 16 + 6 

* No observations 
** Too few observations to report 
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Model implementation of ventilation losses 

Figure 26 shows the schematic of ventilation losses in the model. Main input 

parameters are degree days per year and the total floor area. The output is give in 

terms of KWh/m2/year. Figure 27 shows the second layer detailed implementation of 

ventilation losses in the model. Exhaust type F-system and natural ventilation is 

assumed in the population, being the predominant types as shown in Table 8. 

Infiltration air flow is thus considered a part of the ventilation air flow (Abel & Elmroth, 

2007). Average air flow of 0.35 l/m2/s is used for the calculations which corresponds 

to about 0.5 ACH (Boverket, 2010). Air density of 1.2 Kg/m3 is used and heat 

capacity of air is assumed to be 1.007 KJ/Kg-K. Energy use per year is then 

calculated by using equation 4. The model gives total energy use per year in 

multifamily buildings and energy user per sq meters.  

 

According to BETSI the total energy use resulting from ventilation losses is 9 TWh 

for the base year 2009 and the model results correspond to this value (Boverket, 

2010). 

  

For the renovation part, air to air heat pumps are added to the system. The 

percentage addition to the stock per year is determined by the rate set at the 

interface layer.  

 

Figure 26 Implementation of ventilation losses in the model. 
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Figure 27 Details of ventilation losses in the model. 

 

4.1.8 Gains 

Heat gains in buildings occur in the form of solar gains through fenestrations, gains 

from occupants as a result of metabolic activity and heat gains from 

electrical/electronic devices in the building. These gains have a positive impact on 

the energy balance of the building and reduce in energy usage during the heating 

season. However, heat gains increase the cooling demand of the building during 

cooling season.  The effect of hot water in internal gains is neglected in this model. 

 

Solar gains: 

Solar gains through fenestrations have a considerable impact on the energy balance 

and reduce the heat demand in heating season. Main factors impacting the solar 

gains include orientation of the building, intensity of solar radiation, shading, area of 

windows and type of windows (Abel & Elmroth, 2007). 

 

Solar radiation data from SLB (SLB) is used as discussed in 4.1.5. Window area 

factor is calculated by using the total window area according to BETSI (Boverket, 

2010) and total Atemp floor area given in Table 7. This gives an average window 
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area factor of 12.3%. Equation 7 (ATON, 2007), (Miljöministeriet, Bostads‐ och 

byggnadsavdelning, 2007) is used to calculate the solar gains in the model. For the 

calculations F is set to an average value of 0.75.  

 

Qs = Av x Is x F x gglass x 0.9   Equation 7 

Where, 

Qs = Solar gains at a given time [W] 

Av = Window area [m2] 

Is = Solar radiation [W.m-2] 

F = Reduction factor due to shading including internal and external components. [ - ] 

g = Total solar transmittance coefficient of windows, depending on material and construction. 

(0.9 x gglass)  [ - ]  

 

Figure 28 Solar gains. 

Occupant’s gains 

Heat is generated by people living in buildings, which contributes to the overall heat 

balance. The heat generated has two components sensible emitted by the body and 

latent heat due to respiration (Abel & Elmroth, 2007). 

 

Heat generated by adults is approximately 100 W, while for children it is 60 W. For 

energy calculations it is assumed that each occupant generates 80 W and the 

occupancy period is assumed to be 14 hours per day (SBUF, 2009). Another way to 

calculate energy gains from occupants is to assume gains of 1 W/m2 Atemp or 8.76 

KWh/m2-year (SBUF, 2009). 
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Figure 29 shows the implementation of heat gains from occupants in the model. 

Number of occupants is 2.04 (Boverket, 2010), occupancy period is 14 hours/day 

and gains per person are 80 W. The final value is then divided by average area of 

the apartment to get gains per m2, which comes out to be roughly 9.9 KWh/m2-year.  

 

Figure 29 Implementation of heat gains from occupants. 
 

4.1.9  Hot water 

Energy use for hot water in multifamily buildings is governed primarily by the user 

behavior and habits. It is also dependent on type of fittings and equipment installed 

in the building (Olsson, 2003). This makes it an area where added awareness and 

responsible use can have a marked impact on the overall energy use.  Boverket 

estimates the energy use due to domestic hot water consumption to be around 3.6 

TWh/year (Boverket, 2010). In a study by the Swedish Energy Agency where water 

measurements were made in 44 households, the average energy was found to be 28 

KWh/m2-year. Another study by Hultström et al. reveals a daily consumption per 

capita of 87 liters/day (Hultström, Kusucaslan, Palm, & Stenérus, 2006). An 

investigation carried out by SP and Energy Agency in four multifamily apartments 

showed a total of 82.4 liters per person per day on hot waters usage without taking 

into account water usage for laundry (Johansson, Wahlström, Pettersson, & 

Berggren, 2007). The details are shown in  

 

Table 9. Based on the MEBY project Equation 8 has also been proposed to 

determine a flat hot water consumption rate in multifamily buildings (ATON, 2007). 

 

VHW = 12 m3 / apartment + 18 m3 / occupant    Equation 8 
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Table 9 Daily hot water consumption per person. 

Taping points Hot Water consumption 

(Liters/person-day) 

Shower 18.7 

Kitchen Sink 19.3 

Basin 11.7 

Total 82.4 

 

 

Model implementation: 

Figure 30 and Figure 31 shows the top layer implementation of energy use for hot 

water in STELLA. Main input parameters include number of residents per apartment 

and apartment area. The output is given as KWh/m2-year.  Figure 31 shows the 

detailed implementation of the hot water module.  

QW = ρ.cp.(thot –  tcold).VW / 3600 [KWh] Equation 9 

 

Where 

ρ  = Density of water (1000 Kg/m3)  

cp = Specific heat capacity of water (4.18 KJ/Kg-K) 

thot= Temperature of hot water (55oC) 

tcold = Temperature of cold water (10 oC) 

VW  = Water volume (m3) 

 

Equation 9 above is used in the model for calculating the energy use. Consumption 

is assumed to be constant throughout the year and monthly variation as suggested 

by some studies is not taken into account (ATON, 2007). According to a study by 

Aronsson circulation losses can account for up to 50% of the total heat required for 

hot (Aronsson, 1996). Since there is a large variation in circulation losses circulation 

losses of 10 KWh/m2-year are assumed. Temperature difference of 45oC is used for 

calculations (Olsson, 2003). Water usage quantities from  

 

Table 9 are used for calculations.  
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Renovation 

The renovation part of the model is controlled from the interface layer shown in 

Figure 15. Renovation measures include improving existing system such as better 

heating systems, installing waste water heat exchangers and adding water saving 

taps, showers and fittings. In addition, user behavior impact on water consumption 

and including new technologies such as solar water heaters has been included. The 

percentage addition to the stock per year is determined by the rate set at the 

interface layer.  

 

 

Figure 30 Overview of domestic hot water usage implementation in the model. 
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Figure 31 Detailed implementation of domestic hot water consumption. 

 

4.1.8 Electricity  

Electricity use in buildings is divided into two main categories, non-domestic or 

facility electricity and domestic or household electricity. Figure 32 shows the top 

layer implementation of the electricity use. Total electricity usage is divided into two 

modules.  

 

Figure 32 Overall electricity use in the model. 
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Household electricity  

According to SCB’s Elan project average household electricity consumption in 

multifamily buildings was 40 KWh/m2/year for the year 2000 (ATON, 2007). However 

according to a later study by the Swedish Energy Agency for 400 households 

including 190 apartments the average was 36 KWh/m2/year, which is lower than the 

previous value (Zimmermann, 2009). The average electricity use per apartment 

based on the study by the Energy Agency is 2600 KWh/year which gives the total 

electricity use in multifamily apartments of 6.3 TWh/year (Boverket, 2010). 

Household electricity consumption in the building varies widely depending on user 

behavior and habits along with the type of appliances govern the individual 

consumption.  Based on Energy Agency’s measurements Equation 10 can also be 

used to quantify the total electricity use for an apartment. It excludes the electricity 

for ventilation fans, food storage and laundry (ATON, 2007). 

 

Ehousehold = 1040 + 300 x m   [KWh/year]   Equation 10 

 

Where, m is the total number of occupants 

 

Model Implementation 

For the model implementation average energy use is divided into different 

appliances based on average distribution of electricity used by appliances. The 

percentage share is based on the Energy Agency’s measurements of 400 

households and the values are averaged for different housing groups (Zimmermann, 

2009). The distribution is shown in Figure 33. The energy consumption per occupant 

is calculated and used giving the total household energy use per sq m per year.  

 

Figure 34 shows the detailed implementation of house hold electricity usage. For the 

renovation part the overall energy efficiency of the appliances is increased per year 

linearly. User can change the percentage increase in efficiency per year from the 

interface layer. It is also possible to add Solar PV system to the building stock to 

offset electricity. The scale of technology spread can be changed from the interface. 

The effect of smart user behavior is also included and can be varied as percentage 
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increase per year depending on spreading awareness and knowledge about smart 

behavior. 

 

 

Figure 33 Relative distribution of electricity consumption of various appliances in 
multifamily apartments (Zimmermann, 2009). 

 

 

Figure 34 Detailed implementation of household electricity use. 
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Facility Electricity 

Facility or non-domestic electricity is used for common services in the buildings such 

as ventilation fans, water circulation pumps, laundry rooms, elevators, garages and 

lighting of exterior, staircases and corridors. It depends primarily on the type of 

equipment installed. Figure 35 shows the model implementation of facility electricity. 

The parameters used in simulation are given in Table 10. 

 

Figure 35 Model implementation of facility electricity. 

4.2 Summary of parameters 

A summary of different parameters used in the model along with the references is 

given in Table 10.  

 

 

Table 10 Summary of model parameters. 

Parameter Value Units Reference 

General Parameters 

Avg. apartment area 99.33 m2 (Boverket, 2010) 

Total floor area 238*106 m2 (Boverket, 2010) 

Total apartments 2396*103 - (Boverket, 2010) 

Occupants / household 2.04 - (Boverket, 2010) 

Time spent at home 14 hrs/day (SBUF, 2009) 

Weather Data 

Total degree days (2009) 3734 oC.days/year (Boverket, 2010) 
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Daily degree days (2009) Figure 20 oC.days (SLB) 

Base temperature 17 oC (SMHI) 

Indoor temperature 22.4 oC (Boverket, 2010) 

Daily outdoor temperature (2009)  oC (SLB) 

Total solar insolation (2009) 39204.037 W/m2 (SLB)(Calculated) 

Daily solar insolation (2009) Figure 21 W/m2 (SLB) 

Transmission losses 

U-values (avg + era wise) Table 7 W/m2-K (Boverket, 2010) 

Component areas (avg + era wise) Table 7 m2 (Boverket, 2010) 

Window area factor 12.3 % (Boverket, 2010) 

calculated 

Ventilation losses    

Avg. Ventilation flow rate 0.35 m3 (Boverket, 2010) 

Air density 1.2 Kg/ m3 (SBUF, 2009) 

Specific heat of air 1.007 KJ/Kg-K (SBUF, 2009) 

Ventilation systems F-type or 

natural 

- Assumption based on 

Table 8. 

Heat Gains 

F-factor (Shading factor) 0.75 - Assumption based on 

(ATON, 2007) 

g-factor  (Trasmittance coefficient 

of window glass) 

0.75 - Assumption based on 

(ATON, 2007) 

Avg. heat generated per person 80 W (SBUF, 2009) 

Waste heat from electrical 

appliances factor 

70 % (SBUF, 2009) 

Hot water 

Hot water consumption/capita 

- Shower 

- Kitchen sink 

- Basin 

 

18.7 

19.3 

11.7 

Ltr/pers-day (Johansson, 

Wahlström, Pettersson, 

& Berggren, 2007) 

Circulation losses 10 KWh/m2-yr Assumption based on 

(Aronsson, 1996) 

Temperature difference 45 oC (Olsson, 2003) 
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Household electricity 

Electricity consumption per capita 

- Computers 

- Cooking 

- Dishwasher 

- Entertainment 

- Fridge and freezer 

- Lighting 

- Misc. 

 

3.7994359 

5.9769003 

1.7664786 

5.4769003 

14.762000 

12.563362 

2.3774644 

Wh/pers-day Assumptions based on 

Figure 33 and 

(Zimmermann, 2009) 

Facility Electricity    

Electricity consumption  

- Elevators 

- Lighting 

- Pumps 

- Ventilation 

 

3.1 

4.1 

3.46 

5.42 

Wh/day  

 

 

5. Future Scenarios  

Based on the modeling process discussed in the previous chapter, results were 

obtained for the model in two steps. In the first step, existing conditions were 

simulated based on average values for the multifamily building stock and in the next 

step three scenarios with different levels of renovation measures were developed.  

 

According to the Swedish Energy Agency (Swedish Energy Agency, 2009) the 

average energy use in multifamily buildings is 148.1 KWh/m2-year while the total 

energy use is 2.56 TWh for year 2009. This value excludes the household electricity 

and is based on BOA + LOA area (173 million m2). When converted to Atemp, using 

the total Atemp area available from BETSI (238 million m2) the value becomes 108 

KWh/m2-year.  

 

Results from the model, showing the energy use for the base year 2009 using Atemp 

area are shown in Figure 38. Total energy use for heating, hot water and facility 

electricity corresponds to the average values stated above with some marginal 
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variation. After including household electricity, the average energy use comes to 

about 144 KWh/m2-year as shown below. 

 

 

  

Figure 36 Results for energy use during base year 2009. 

 

Validation of the base model was done using total energy use values from 

Boverket’s BETSI survey. According to BETSI total heat losses through the building 

envelope are 16 TWh/year and for ventilation it is 9 TWh/year (Boverket, 2010). 

These values correspond to total energy use values obtained from the base model. 

Energy use for domestic hot water (Boverket, 2010) and electricity (Zimmermann, 

2009) were verified using similar studies. 

 

 

Renovation Scenarios 

For the purpose of future studies, scenario types are divided into three main 

categories, i.e. predictive, explorative and normative scenarios (Börjeson, Höjer, 

Dreborg, Ekvall, & Finnveden, 2006). In this modeling exercise, explorative approach 

was used. Explorative scenarios are useful to see the impact of different factors in 

terms of a set of scenarios with a long time perspective and focus on the question of 

“What can happen?” (Höjer, et al., 2008) 
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Based on this methodology, the model was developed to give the outcomes of a 

variety of changes implemented over a period of 40 years starting from 2010 and 

ending at 2050. The model, through the interface gives various possibilities to 

choose the magnitude of various renovation measures along with a possibility to 

include or exclude various measures from the simulation. 

 

Three scenarios were simulated based on worst case, standard case and best case 

possibilities. Renovation measures in building renovation, introduction of new 

technologies and user behavior shift were applied with different magnitude. Details of 

inputs for renovation measures for the three scenarios are presented in  

Table 11 below. The scenario parameters were decided arbitrarily to simulate 

different levels of renovation penetration throughout the building stock.  

 

Table 11 Parameters for scenario simulations. 

Measures  Scenarios 

Worst case Standard case Best Case 

U-values  

- Walls 

- Windows 

- Attic 

95-05 era  

0.20 W/m2-K 

1.97 W/m2-K 

0.13 W/m2-K 

BBR16  

0.18 W/m2-K 

1.30 W/m2-K 

0.13 W/m2-K 

Passive house  

0.10 W/m2-K 

0.80 W/m2-K 

0.08 W/m2-K 

Renovation completion  

- Pre 60s stock 

- 61-75 stock 

- 76-85 stock 

- 86-95 stock 

- 96- present stock 

Post 2050  

2040 

2045 

2050 

2055 

2060 

Close to 2050  

2030 

2035 

2040 

2045 

2050 

Pre 2050  

2020 

2025 

2030 

2035 

2040 

Ventilation air-air heat 

pumps 

0.1% per year 0.5% per year 1% per year 

Electrical appliances eff   0.3% per year  0.7% per year  1.2% per year  

Introduction of solar PVs 0.1% per year 0.3% per year 1% per year 

Waste water heat ex.  0.3% per year 0.5% per year 0.7% per year 
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Flow reduction fixtures 0.3% per year 0.5% per year 0.7% per year 

Solar water heaters 0.01% per year 0.05% per year 0.1% per year 

User behavior shift  

- Indoor temp reduction 

- Hot water consumption 

- Electricity saving 

No shift  

0 oC 

0 

0 

Slight shift  

0.5 oC 

0.3% per year 

0.3% per year 

Large shift  

1 oC 

0.7% per year 

0.7% per year 

 

Figure 37 below shows the results of simulating the scenarios detailed in  

Table 11. The energy values shown are in KWh/m2-year based on Atemp areas. 

Household electricity is included in the results.  

 

 

Figure 37 Results from Scenario simulation. 

 

Figure 38 below is gives the detailed energy use of the standard scenario. Heating is 

the predominant part of the energy use and considerable savings are possible 

through renovation followed by electricity use (including household and common 

facility electricity).  

 

0

20

40

60

80

100

120

140

160

2010 2015 2020 2025 2030 2035 2040 2045 2050

E
n

e
rg

y
 u

s
e

 (
K

W
h

/m
2

/y
e

a
r)

 

Scenarios for Improvement 

Worst
case

Standard
case

Best
case



59 
 

 

Figure 38 Detailed energy use for standard scenario. 

 

Figure 39 shows the energy used for heating and hot water for multifamily buildings 

from different construction periods plotted against their respective areas. Area under 

the curve gives the total energy usage for each building category. This gives a very 

clear perspective of the impact of buildings constructed before and during the Miljon 

program. This can also be verified from Figure 37 for scenario results, where it can 

be seen that the slope of curve for overall average energy use shifts corresponding 

to the period where buildings from the stock corresponding to pre-60s and 1961-75 

construction period are completely renovated.  The figure is based on building data 

provided in Table 7. 

0

20

40

60

80

100

120

140

160

2010 2015 2020 2025 2030 2035 2040 2045 2050

En
er

gy
 u

se
 (

K
W

h
/m

2
/y

ea
r)

 

Year 

Electricity

Hot water

Heating



60 
 

 

Figure 39 Energy required for heating and hot water vs. area of buildings from 
different construction period. 
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5 DISCUSSION AND CONCLUSION 

Results from the model scenarios indicate that with effective implementation of 

various energy saving measures, it is possible to meet the target of energy reduction 

based on the technical potential of existing technologies. This statement is supported 

by various other studies conducted to investigate the achievability of the 50% 

reduction goals such as (Orjans paper) & Nassen. Various pilot renovation projects 

such as Gårdsten, Brogården and Backa also demonstrate a large potential for 

energy saving in multifamily building stock, if similar measures are implemented 

across the entire sector.  

 

However, one of the key factors, that was not considered in this study is the 

economic cost of renovation. The high costs of adopting ambitious energy saving 

measures along with various market and organizational hurdles associated with 

large scale renovation constitute the biggest challenge towards achieving the future 

energy saving goals. 

 

An analysis of the currently prevailing situation suggests that significant steps are 

required in policy making and developing conducive economical frameworks to 

effectively utilize the full technological potential of energy efficient technologies in the 

housing sector. Well directed and comprehensive incentives aimed at the 

appropriate stakeholders such as municipal housing authorities need to be provided. 

Effective actor networks need to be setup that result in holistic solutions to the issue. 

Moreover, energy efficiency awareness programs directed at both end users and 

decision makers should be strengthened to encourage smart user behavior and to 

provide sufficient information to decision makers about various energy saving 

possibilities while planning a project.  

 

The model developed for this project serves as an interactive tool to see the potential 

of various energy saving measures for large scale renovation for facilitating decision 

making process. Like most models, it is based on various assumptions and can be 

further improved to make it a more effective instrument for the sake of future studies. 

Currently the model assumes constant energy use for hot water and electricity for all 

building types which can be further elaborated based on more in-depth research in 

the area. More renovation measures such as heat pumps and advanced ventilation 
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systems can be added.  Aspects such as economics of renovation, environmental 

impact can be incorporated to give a more complete picture. Introduction of new 

technologies based on various technological diffusion theories and external factors 

like regulation-shift, change in energy costs and mix can be introduced along with 

other policy instruments that can have a significant impact over the long term 

perspective. The system boundaries can also be expanded to include other 

categories of buildings.  

 

6 FUTURE WORK 
Future work will try to focus on unraveling the economic and policy issues associated 

with renovation of multifamily buildings in an effort to get a more holistic picture of 

the situation. It is quite clear that in spite of sufficient technical potential economic 

and organizational aspects form a major hurdle in achieving large scale energy 

reduction. Therefore, an effort will be made to explore various economic and 

exogenous factors that can influence future outcomes related to energy use in 

multifamily buildings in Sweden.  
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