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ABSTRACT 

This work focuses on how implementation of well-

known refurbishment strategies, applied on multifamily 

buildings in a post-war housing complex in Sweden can 

affect the generation of district heating. Both the energy 

use and the power load were considered.  

The study was performed in Borlänge municipality, 

Sweden, where the municipality owns both the energy 

and the housing companies. The strategies for energy 

efficiency were simulated with IDA-ICE for the Tjärna 

Ängar area, a housing complex built between 1969-

1971, with access to documented information about the 

buildings and energy audit. The results of the building 

simulation were implemented in a simplified model of 

the local district heating system. 

The results indicate how different renovation strategies 

affect the demand of energy and power load within the 

district heating system and can be used to provide 

indicators for different scenarios. The larger goal of the 

research is how to maximize the economic and 

environmental efficiency of improvement strategies on 

a municipal level as well as how to find appropriate 

energy optimization methods that can be proposed by 

building contractors. The initial study presented here 

was conducted within the research program Reesbe. 

INTRODUCTION/PURPOSE 

According to the European Commission [1], all sectors 

need to invest in energy efficiency in order to reduce 

Greenhouse Gas (GHG) emissions. Buildings account 

for 40 % of the total energy use [2]. To address this 

problem the European Union (EU) member states have 

agreed on reducing energy consumption in buildings by 

20 % by 2020 [2]. Also, according to Copenhagen 

Economics [3], “energy savings through the renovation 

of the existing stock is one of the most attractive and 

low cost options to reduce the emissions of CO2”, due 

to the large share of fossil fuels in the energy supply 

systems of the EU members [4]. 

During the years 1965-74 one quarter of Sweden’s 

housing stock was constructed in a period known as 

“The Million Program” [5], where dwellings for 1 Million 

inhabitants were built, both as apartments and single-

family houses. Functional planning and rationalization 

of the construction methods were the norm. 

Experimentation and political interests were challenged 

during these years [6]. Many of these buildings are 

after roughly 40 years in need of renovation and with 

the EU directives of energy efficiency in combination 

with low interest rates, advocates for renovation argues 

that this is a unique opportunity [3]. 

According to Gram-Hanssen [7], energy renovation is 

performed in connection with wear and tear 

renovations e.g. roof and windows. Energy efficient 

renovation is performed at a low rate that cannot match 

the EU goals.  

The scope of this work is to investigate how energy 

efficient renovation of a million program area in 

Borlänge would affect the generation of district heating. 

Different energy saving renovation measures were 

studied to investigate their impact. 

STATE OF THE ART 

The public housing company in Borlänge municipality, 

Stora Tunabyggen AB, has started a renovation project 

in the Tjärna Ängar area. It is of the largest million 

program dwellings within the municipality. Given this 

situation a study showing the impact of different energy 

saving measures for the buildings are highly 

interesting. As in many Swedish municipalities the 

public housing company as well as the local energy 

company are owned by the municipality itself. Based 

on a perspective that includes both the generation and 

the use of energy, sub-optimization can be avoided. 

Therefore this study will also show the impact of the 

measures on the district heating system.  

The Tjärna Ängar area is a neighbourhood built in 

1969-1971 as part of the Million Program. The area 

consists of 42 similar three story apartment buildings 

and the total living area is about 115,000 m
2
 [8]. One 

pilot building was chosen to be simulated and this 

object consists of a three story building built in 1971, 

with 2,822 m
2
 heated area. This building is 

representative for the area [8] and has not been subject 

to any major renovation since built. 

Borlänge Energi AB is the local energy company in 

Borlänge, producing approximate 390 GWh [9] of 

district heating every year. The production mostly 

consists of heat produced by a combined heat and 

power plant incinerating waste and excess heat from 

large industries in the municipality. During the coldest 

season and in case of emergency, oil fired heat only 

plants are used. The distribution of different energy 

sources is showed in Fig. 1. 
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Fig. 1. Allocation between energy sources within the 

district heating system of Borlänge [10]. 

There are different types of customers, where 

multifamily buildings as the largest category. The 

distribution of different customers in district heating is 

showed in Fig. 2. 

 

Fig. 2 Allocation of district heating between different 

customer categories [10]. 

The largest customer in the district heating system is 

the municipal housing company Stora Tunabyggen AB, 

using about 20 % of the annual energy from district 

heating in Borlänge [10]. In Fig. 3 the allocation to 

Tunabyggen is shown, where the district heating use of 

the area Tjärna Ängar is separately shown [10]. 

 

Fig. 3 District heating allocation between Tunabyggen 

facilities and others, the area Tjärna Ängar is shown 

separately [10]. 

METHODOLOGY 

To illustrate the impact of energy conservation within 

the Tjärna Ängar area two different simulation tools 

were used. The numbers are referring to the flow chart 

in Fig. 4. First, a simulation of the pilot building in IDA-

ICE was performed (1.), showing the impact of 

renovation only for the buildings energy use. Then, the 

results from the simulation were scaled up (2.) to show 

the changes in energy use of the entire area. Finally 

these results were used to simulate the impact on the 

district heating system (3.), using a linear optimizing 

model, developed in MATLAB [11]. The results from 

both the building simulations and the district heating 

system simulations were analyzed in (4. and 5). 

Building simulation 

According to EQUA AB [12], IDA-ICE is a building 

simulation software for study of the indoor climate and 

energy consumption of buildings and the interaction 

with their surroundings. 

There are different levels of user interaction within the 

software which requires different information. In 

principle it is possible to simulate any particular 

installations configuration, such as solar heaters and 

heat exchangers, within the program environment. The 

program needs information about the building physical 

1. Construction and 
calibration of IDA-ICE 
Pilot building model 

2. Results from 
simulation of 

renovation scenarios 
in IDA-ICE 

3. Simulations of DH 
system with MATLAB 

4. Analysis of DH 
system simulation 

results 

Information about the DH 
system in Borlänge 

5. Analysis of IDA-ICE 
simulation results 

Scaling information about 
housing area 

Collection of pilot building 
physical data 

Collection of measured 
data and statistics in 

Tjärna Ängar 
Renovation scenarios 

Fig. 4 The working procedure for the project, the boxes are showing different actions and the doted-line boxes are showing 

exogenous data . DH=District Heating 
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characteristics (e.g. wall constructions and windows, 

performance of installations and energy systems). 

Weather data is needed for any specific place; in this 

case the weather data file was obtained using the 

Meteonorm software [13]. 

 

Fig. 5 Building model in IDA-ICE. 

At first, the current building was simulated, according to 

Fig. 5, using the details given by the housing company 

(see Table 1). 

In order to calibrate the simulation, a temperature data 

logger was installed in the heating supply and return 

pipes on the secondary side of the heat exchanger. 

With this data it is possible to estimate the heat power 

used within the building for space heating purposes. 

The simulation data was compared with the measured 

data using the energy signature method [14], to 

validate the simulated conditions. 

Table 1. Construction data of the buildning, used as input 

data in IDA-ICE. The table shows both the as built 

scenario and a passive house scenario. 

Variable Current building Passive house 

External Walls 

insulation 

120 mm mineral 

wool 

480 mm mineral 

wool 

Cold Attic 150 mm mineral 

wool 

300 mm mineral 

wool, roofing felt 

with 100 mm 

mineral wool 

Ground 300 mm loose 

Leca 

300 mm loose 

Leca 

Ground floor 250 mm concrete 

floor 

250 mm concrete 

floor, 60 mm 

mineral wool 

Ventilation  Forced Heat Recovery 

Widows 2 pane glazing, 

clear 

3 pane glazing, 

low emissivity 

Individual 

metering of 

domestic hot  

water 

No Yes 

Indoor 

temperature 

21
o
C 20

o
C 

In the second simulation a passive building package 

was proposed, based on the experience of the 

Brogården Project, in Allingsås, Sweden [15]. Also, 

individual measures were simulated; e.g. adding attic 

insulation, external wall insulation, heat recovery 

ventilation (HRV), change of windows and a decrease 

of indoor temperature. 

District heating system simulation 

The district heating modelling tool used in this study 

was developed by M. Åberg [11]. The scope was to 

cost-optimize the operation of district heating systems, 

with a minimum amount of input data. The tool is a 

fixed model structure (FMS) based on linear 

programming and is developed in MATLAB. The input 

data and the results from the simulations were 

imported from and exported to MS Excel. On the 

production side of the district heating system the model 

structure requires information about the fuel costs, the 

plant capacities, fuel efficiency and the power-to-heat 

ratio of the production units. It is also possible to 

specify a month of non-operation (for e.g. a 

maintenance month) for each production unit and also 

the capacity of excess heat re-cooling. On the 

distribution and demand side, the model needs 

information about the annual heat demand, the system 

capacity factor and the system minimum temperature. 

The distribution losses also need to be specified.  

The model consists of different nodes, representing 

fuels, conversion from fuel to district heating and 

electricity, distribution, demand and the electricity 

market. In Fig. 6 Structure of the model with boxes 

showing start-, conversion- and demand nodes and 

lines representing energy flows are shown. The nodes 

are shown with lines in between, representing the 

energy flows between the different nodes. The 

calculations for optimizing the production are made for 

each 12-hour period during one year [11]. 

 

Fig. 6 Structure of the model with boxes showing start-, 

conversion- and demand nodes and lines representing 

energy flows [11]. 

The situation in Borlänge is quite complex, e.g., the 

incineration plant is shut down during summer for 

maintenance and the industrial excess heat covers the 

needs for district heating. When it comes to electricity 

consumption, it might in some cases be cheaper for the 
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energy company to start an oil fired boiler than to use 

the heat pumps. Due to this, fuel costs have not been 

included in the model to simplify the simulation. The 

capacity of the different conversion nodes, including 

heat pumps and industrial excess heat, were included. 

Most important the annual heat demand of Borlänge 

was included, the statistics used in the first case, 

without any energy conservation made, were from 

2013. Depending on the results of the building 

simulations, the annual heat demand was reduced 

corresponding to the size of the energy savings. This 

means that the total district heating use of Tjärna Ängar 

was reduced with a percentage according to Table 2. 

The statistics for the district heating consumption 

during 2013 was used also for these simulations. 

RESULTS 

Building simulation 

The as-built scenario shows that the building have a 

specific energy use of 157 kWh/m
2
 per year, where 120 

kWh/m
2 

corresponds to active heating, 35 kWh/m
2 

to 

assumed Domestic Hot Water (DHW) consumption and 

2 kWh/m
2
 to equipment operation (lighting was not 

taken into consideration in the simulations). The results 

for the passive house scenario were 78 kWh/m
2 

total 

energy use where 5 kWh/m
2
 corresponds to equipment 

operation, and an estimation of 16 kWh/m
2
 DHW based 

on the Brogården experience in Allingsås, Sweden 

[15]. Both scenarios are shown in Fig. 7  

 

Fig. 7 Energy saving results of selected simulation 

scenarios. 

Except for HRV all single measures have an electricity 

consumption of 2 kWh/m
2
. All scenarios (except 

Passive House) have a DHW use of 35 kWh/m
2
 based 

on Sveby standards [16]. 

Table 2. The end use district heating savings for the 

different renovation scenarios. 

 

 

End use DH 

Savings 

Passive House 53 % 

Heat Recovery Ventilation 26 % 

Three-Pane Windows 16 % 

300 mm Mineral wool insulation on walls 8 % 

300 mm Mineral wool insulation on attic + 

100 mm Mineral wool insulation on roof 

6 % 

1
o
C Temperature Decrease 9 % 

District heating system simulation 

The simulation of the district heating system without 

any measures is shown as a heat load curve in Fig. 8. 

The curve shows the need of power in each time step 

during the year with the most energy consuming 

periods to the left. The x-axis shows the time and the y-

axis the average power needed during each 12 hour 

period. The entire area shown is equal to the district 

heating demand during the year. The curve is based on 

statistics on district heating usage from 2013. 

 

Fig. 8. Heat load curve for Borlänge district heating system 

based on 2013 statistics.  

Simulating the different renovation scenarios gives an 

annual reduction of the heat load curve. The 

percentage is a yearly average reduction of the power 

demand presented in Table 3. 

Table 3. The reduction of produced district heating for the 

different renovation scenarios. 

  

Reduction of 

produced DH 

Passive House standard 2,6 % 

Heat Recovery Ventilation 1,3 % 

Three pane windows 0,8 % 

300 mm insulation in walls 0,4 % 

300 mm insulation in attic 0,3 % 

Reduced indoor temperature with 1 °C 0,5 % 

DISCUSSION 

In order to clarify the potential of energy efficiency 

within a district heating area a concept which combines 

both building and energy system simulation were 

developed. These results can show the impact of 

energy saving measures within an entire district heated 

area. To combine two different modelling tools means 

that the system border has been relocated and 

includes the building with its technical installations as 

well as the central unit for energy generation and the 
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distribution system in between.  With this method 

measures in the district heating system can be 

compared with measures in buildings, to investigate 

whether they are interacting or countering each other.  

At this stage only rough results of what will happen with 

the district heating generation when implementing 

energy efficient measures is simulated. Since this study 

focuses on the potential of the proposed method, 

simplifications were made within the building 

simulation. 

The FMS model gives, as it is constructed to be able to 

optimize with small amounts of input data, standardized 

results of how the district heating system will react 

when energy efficiency measures are implemented. 

However, specific results of the lowered heat demand 

is not available, since the tool is constructed to cost 

optimize district heating production. Still, the full 

capacity of the FMS model is not used in this study, 

since fuel prices has not been included. It would have 

been possible to show an optimization of the heat 

generation, based on the different price levels if 

included. The complexity of the running parameters 

makes it hard to optimize the district heating production 

in Borlänge only with respect to the fuel costs. Due to 

the complexity of accounting different production units 

this study has been limited to the district heating 

demand.  

When it comes to energy efficiency in buildings there 

could be different views between the housing and 

energy companies, sometimes leading to stagnation. 

Since the municipality is bound to follow requirements 

from higher authorities concerning energy efficiency as 

well as environmental impacts and economical 

aspects, the same situation applies to the companies of 

the municipality. To get the maximum output of the 

process regarding energy efficiency, cooperation is 

needed on a concern level and reliable information 

about both present and future situations in the energy 

system is needed. To optimize the energy situation, 

both buildings with energy efficient measures and the 

generating and distribution systems of energy have to 

be considered to avoid sub-optimization.  

In summary it is found that the proposed approach with 

the two tools has been found applicable for the scope 

of the investigations in early stages and indicates 

promising features for further development to obtain 

more refined and detailed results. 

CONCLUSIONS 

An advantage with the proposed method is that even 

with a very limited amount of data can be used to 

visualize the direction of the impacts on the district 

heating system.  

This method can be used by decision makers when 

energy efficient measures would be performed on a 

large scale. The results can be used to illustrate the 

impacts of these measures in the production and 

distribution of district heating. 

To clearly show the impacts of energy efficient 

measures within Borlänge a more robust model of the 

district heating system is needed. A proposed 

improvement could be to link the IDA-ICE model with 

the district heating model in an hourly basis in order to 

illustrate the power impact in the different energy 

sources. This could also be linked to the real specific 

use of each unit within the system. 

This method is generic in the way that it can be applied 

to any dwelling area that is subject to energy efficiency 

measures within a district heating system.  
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