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Abstract 
 

Effect on district heating systems in Dalarna County 
from energy efficiency measures in buildings - a 
scenario study to 2050 
Josefine Larsson 
 
 

 
Energi Intelligent is a program in Dalarna County with the purpose of finding ways of 
enhancing the efficiency of energy use and thereby be able to reach a more 
sustainable use of energy resources. The basis of this program is the energy goal that 
has been prepared for Dalarna County published in Dalarnas miljömål. The energy 
goal is divided into a number of intermediate goals, the sixth, Delmål 6, is to reduce 
energy consumption in buildings with 50 percent until 2050, and with 30 percent until 
2025.  
There are often a large number of different sectors involved that have got differing 
opinions and intentions. This makes the task far more complex than simply reducing 
energy consumption, because energy efficiency is one goal and that would mean that 
power companies would not be able to continue increasing their profit.  
The aim of this project was to analyze the effects on energy production when 
reducing the use of heat demand in buildings until 2050. The district heating systems 
constitutes the main part of heating of buildings in the county and that is why it has 
been analyzed in this project.  
The simulation tool that was suggested in the declaration of the thesis work was 
LEAP, the Long range energy alternative planning system tool for simulating different 
scenarios over years from the base year of the model. The idea was to build energy 
models of Falun district heating system and Borlänge district heating system in LEAP. 
Scenarios were defined for the energy goals and then simulated in a model of district 
heating system. Simulation of the district heating systems were made from the 
scenarios; reducing the district heating production with 30 percent until 2025 and 50 
percent until 2050. The results from the analysis showed that for Falun district heating 
system the reduction of district heat demand will lead to decreased heat and electricity 
production and there will be no need for further investment. In Borlänge district 
heating system capacity is lower than the total capacity of all the available waste 
resources and there have been discussions about investing in a third municipal waste 
incineration boiler that would increase the total capacity so Borlänge district heating 
system could have waste incineration that covers the resources of the fuel cost 
favorable municipal and industrial waste. 
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Sammanfattning 
Energi Intelligent är ett program för regionalt samarbete i Dalarnas län. Programmet är till för att 

olika sektorer ska samarbeta mot ökad effektiv energianvändning och tillvaratagande av energi 

resurser och  även minska oljeberoendet[1].  Grunden för det här samarbetet är de energimål som är 

beskrivna i rapporten Dalarnas Energimål[2].  En styrgrupp har blivit utsedd av representanter från 

företag, kommuner och Högskolan Dalarna som är med i samarbetet.  

Ett av energimålen är att minska uppvärmningen av byggnader med 50 procent till 2050 och med 30 

procent till 2025, detta är Delmål 6[3], från Dalarnas miljömål. Dalarna har alltså ett program där 

man arbetar för minskning av energibehovet och både företag som vinner på ökat energibehov och 

landstinget samarbetar för att nå målen. 

Det är inte alltid enkelt att få alla parter att jobba mot att minska energianvändningen. Det kommer 

alltid att finnas parter med olika åsikter och avsikter. Energi effektivisering är ett av målen och det 

skulle leda till att energiföretagen inte skulle kunna fortsätta öka sin produktion och försäljning då 

merparten av hushåll och andra byggnader redan är anslutna till nätet. Syftet med det här projektet 

är att se vad som händer när man minskar värmebehovet i byggnader till 2050. Fjärrvärme täcker 

större delen av uppvärmningsbehovet och därför är projektet en analys av fjärrvärmenäten.  

Modeller över Falun fjärrvärmesystem och Borlänge fjärrvärmesystem var uppbyggda i LEAP och 

scenarier simulerades på långsikt i modellen. LEAP verktyget var föreslaget i utlysningen av 

examensprojektet. LEAP står för the Long range Energy Alternatives Planning system.Verktyget 

användes för att bygga modeller och att simulera de scenarierna som definierades. Simuleringar av 

Borlänges fjärrvärmesystem- och Faluns fjärrvärmesystem var grundade på energihalveringen till 

2050.  

Resultaten visade på att det finns en överkapacitet i Falun fjärrvärmesystem om energimålen nås. I 

Borlänge så finns det plats för investeringar av en ny kraftvärmepanna för att använda den 

avfallsresursen som finns i Borlänge kommun.   
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1 Introduction 
The ongoing  global climate change debate have led to the EU goals of 20 percent reduction of 

greenhouse gas emission, 20 percent increase of energy efficiency and to have 20 percent renewable 

energy resources until 2020[4]. Energy demand in buildings cover a significant part of total energy 

use in Sweden and the energy use in the rest of Europe. Therefore the reduction of energy use in 

buildings is important part of the implementation of the EU goals. In Sweden most of multifamily 

houses are connected to the district heating grid and a reduction of the heating demand could lead to 

consequences on how district heating is produced and also on efficient electricity generation in CHP 

plants, therefore it is important to analyze these effects. If analyzing a part of the energy system, in 

this case district heating system, effect on the total energy system is not described.  Changes in the 

district heating system may affect other part of the energy system in a way that contradicts the intent 

of improving the efficiency of energy conversion or energy efficiency measures in the district 

heating system.  

     

Sweden has set national goals to reduce energy use in buildings by 20 % until 2020 and 50 % until 

2050 [5]. Dalarna has been chosen by the Swedish government as the leading Swedish county 

towards these goals, because Dalarna already had come further with energy efficiency 

implementation than any other county in Sweden[6]. Dalarna County has implemented an energy 

efficiency program called Energi Intelligent Dalarna. This program is an effort to pursue the energy 

goals of Dalarna that have been published in Dalarnas miljömål[2]. One of the intermediate goals is 

reducing the energy use in buildings with 50 percent until 2050. The energy efficiency program 

Energi Intelligent Dalarna has been established as a regional collaboration in Dalarna. Goals of this 

collaboration are to enhance energy efficiency and reduce energy resource exploitation and also to 

reduce the usage of fossil fuel.  

 

This project is contributing to an ongoing research project at the Solar Energy Research Center 

(SERC) at Högskolan Dalarna this project is titled ‘Pathways to halving energy use in the building 

sector in Dalarna County’. One of the issues studied in this research project is; what need to be done 

to reduce the energy demand in buildings in the Dalarna County by 50 percent until 2050 in an 

environmental friendly and resource efficient way? This includes investigating possible obstacles 

that could come with planned investments of the private sector and also about the cost efficient 

actions in trying to reach the reduction of energy use in building goal[7]. 

 

To be able to reach the energy goal ‘Dalarnas energimål’   and to avoid conflicts of interest, the 
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collaboration between the local authorities and the power companies is important. When reducing 

heat demand in buildings the energy companies risk decreased revenues and less utilized heat 

production capacity and thus over-dimensioned heat production units. Also, a reduced heat demand 

might also lead to reduced CHP electricity generation, this because of the cogeneration relationship. 

Less generated CHP electricity will lead to less income from CHP plants since co-generated 

electricity is generally considered a secondary product and the CHP operation is instead depending 

on the demand for district heating. 

 

1.1 The aim of this thesis 

The aim of this thesis is to investigate the impact energy efficiency measures has on heat production 

and electricity generation in district heating system within the Dalarna County. This project 

however will not be an analysis of how to reduce energy consumption for heating in buildings, but; 

what would the effects be if the goals are reached and heating demand is reduced by 50 percent, i.e. 

how the reduction of heating demand will affect the electricity generation and heat production in the 

district heating systems. Also, the effects of a reduced heat production on the use of fossil fuels 

were analyzed. The fossil fuel incineration is interesting to look at because many of the back-up 

heat production processes is oil fuelled. 

1.2 Limitations 

The study consists of two different models of district heating distribution systems instead of one for 

the whole county which was the original idea. The heat demand is limited to be supplied by district 

heating system. The models presented here are limited to only represent the district heating systems 

of Falun and Borlänge. These two systems where picked out from a compilation of all systems in 

Dalarna County, see appendix B. 

 

When modeling in LEAP and simulating scenarios of reduction of district heat demand, the heat 

demand during summer months would probably in reality get less affected by energy efficiency 

improvements because the main demand in the summer in households is domestic hot water and 

this demand will not be reduced to the same extent as the space heating demand. In LEAP however 

the relative reduction was equally distributed over the year. This is not expected to affect the results 

significantly due to the fact that the heat demand during summer months is relatively low. It was not 

possible to include more than one module in the optimization. To make it possible to include CHP 

capacity in the optimization, CHP was reduced to a heat-only boiler station. With heat capacity and 

efficiency factor as if a heat-only boiler.  
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It has also not been taken into account that Borlänge and Falun are growing cities and energy 

consumption will probably not decrease as much as 50 percent over a time period of 40 years, 

which means that investments are even more reasonable. Also no change in energy rate is taken into 

account or increase of fuel prices.  

2  Methodology 
The analysis on how energy efficiency improvements in buildings will affect the heat and electricity 

production in district heating stations until 2050 was here performed using the energy systems 

model framework LEAP. Here, two different LEAP models were used to simulate the heat 

production in the district heating systems in the cities of Borlänge and Falun both located in the 

Dalarna County.  

2.1 LEAP 

LEAP is software for long range simulations of different scenarios on a yearly basis starting from a 

base year.  This makes it a suitable tool for analysts that study a variety of complex systems, such as 

district heating systems.  In LEAP a large variety of different energy systems can be modeled.  

 

LEAP is common for climate change mitigation assessment and was developed in the USA in the 

1980’s. The tool is currently maintained by Stockholm Environment Institute, established by the 

Swedish Government. The users include academic organizations, government agencies and 

consulting companies. LEAP is a widely used tool for resource planning and greenhouse gas 

mitigation assessments and is used in a large number of countries. LEAP is also a tool for tracking 

energy consumption, production and resources and for studying air pollution causes. The field of 

application is for studying complex energy analysis concepts of large energy systems and the tool is 

used by leading global experts, e.g. in APEC Energy Demand and Supply Outlook, 2002 2006 and 

2009. The long term modeling for scenarios of 20-50 years ahead and is suitable for this project 

because of the long term energy goals published in Dalarnas miljömål.  

2.2 LEAP Scenarios 

In LEAP, models can be created and used to make predictive scenarios. Scenarios can be described 

as different ways to break trends from forecast and move towards goals, it is a future state or a 

progress [8]. In LEAP it is possible to implement scenarios and from the results interpret probable 

changes within the system over a period of time on account of these scenarios. Both probable 

development scenario and a certain event scenario can be defined in the LEAP models. The most 

suitable type of scenario for this project is a what if- scenario. This kind of scenarios could e.g. be 

that different energy efficiency goals are assumed to be implemented within a system and the 
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scenario results show the transformation needed if these targets are to be reached. 

 

In this project the scenarios consider the energy targets of the Dalarna County and necessary 

changes within the system if these targets are reached. Thus, what if the local goals of reduction of 

heating demand with 25 percent until 2030 and 50 percent until 2050, were fulfilled? What would 

be the effects on the district heating systems in Falun and Borlänge? The scenarios are defined in 

Manage Scenarios in LEAP and then it is possible to make different changes in all the module and 

properties of the modules to define different future goals for what if- scenario.  

2.3 LEAP model building 

To understand how the model was built it is important to know how the LEAP simulation of energy 

systems works. In LEAP, there are different modules that correspond to the different parts of an 

energy system. The most important parts are resource, transformation (i.e. conversion and 

distribution) and demand. Statistical data is imported and used when building the model. See 

appendix C for schematic illustrations of the energy flows in the LEAP models for the Falun and the 

Borlänge district heating systems. The calculations in the simulation in LEAP are based on energy 

balance where an energy demand is defined and supplied for. LEAP then calculates how this 

demand will be met by using the defined energy transformation processes defined in the lower 

modules. The energy flow starts from the lowest module resources (where the energy resource is 

defined) and flows through modules representing different energy transformation process and 

finally reach the highest module, i.e. the energy demand module. The energy demands defined in 

the models in this study was heating demand. Electricity demand or fuel demand where not 

considered here since the heating demand is assumed to be determining the operation of the district 

heating systems 

 

Different known or anticipated changes and improvements could be used to build scenarios over 

time. The model offers the possibility to adapt scenarios regarding possible future conditions such 

as population growth rate, inflation rate and national accounts. On the supply side it is possible for 

example to create a model structure of electricity generation, this was available 2009, but there were 

still problems with this part of the software in 2011, when this thesis project started.  

 

The defined energy transformation processes in this project are the different types of heat 

generation processes found in the Falun and the Borlänge district heating systems. These processes 

are heat-only boiler production, CHP production, heat production in electric heat pumps and 

utilization of industrial waste heat for district heating. The specifications such as capacities, heat 

pump COP, boiler efficiencies and waste heat process efficiency where defined in the modules 
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representing each process in the module.  

 

2.3.1 The LEAP modules used in the Falun and Borlänge systems 

In the demand module hourly data of the heat demand in the district heating systems was 

implemented. This means that seasonal variations in heat demand due to changes in outdoor 

temperature was accounted for in the models. The seasonal variations are important considering that 

most municipalities in Dalarna County have back-up oil fired heat boilers to cover winter peak 

demand hours and in order to investigate the use of fossil fuels it is important to simulate 

approximately how much peak load energy is needed over the year. 

 

A transmission and distribution module can be used in LEAP to simulate the losses in transmission 

and distribution systems, which is necessary if the demand is exclusive of losses in the systems 

otherwise distribution losses information needs to be collected for the transmission and distribution 

module.  

 

The transformation module is where energy conversion processes are defined. Also the type of 

energy output from the transformation process is defined in the transformation module. This is also 

where variable and non-variable cost and capacity of the processes are defined, which also is 

important if the model, like in this case, is optimized by running cost.  

 

In the beginning the model included two different kinds of heat production process modules, a heat-

only boiler module and a CHP plant module. However, in order to obtain accurate plant merit orders 

in the scenario calculations the CHP module was replaced by a heat-only production model. In 

order to illustrate the advantage of the co-production of heat and electricity compared to heat-only 

production the operation cost for the CHP module was lowered. This lowered operation cost was 

assumed to represent the income from the co-produced electricity in CHP plants. 

 

The resource module is where the fuels or other resources are defined. Fuel costs are defined here. 

It is also possible to define possible limitations of resources which could be used if the amount of a 

fuel is limited. 

 

A Dispatch rule had to be defined in the model, which are the criteria for the merit order of the 

operating heat production units in the systems. The simulation calculations are made according to 

the dispatch rule and here the dispatch rule and merit order was assumed to correspond to the 

running cost of different plants. This is also assumed to comply reasonably well with the criteria for 



 6 

the operation of real systems. Thus, important parts of building the model was to ensure that 

dispatch rules were regulated accurately by the plant running costs defined in the model. System 

peak load shape had to be defined because the annual values do not give any information about 

variations in heat demand over the year. . 

 

2.3.2 Model validation 

Model validation is carried out to ensure the accuracy of the simulation result from the models. 

Model results for the reference year 2008 are compared to the corresponding year’s heat production 

and fuel use data for the modeled systems. The validation process is dynamic in the sense that the 

models are changed and improved iteratively until the validation results are accurate enough.   

 

2.3.3 Simulation 

Simulations are made for the defined scenarios in LEAP. Simulation results make it possible to 

view the result of energy conversion processes and to see how the production is changed over time 

in the defined heat and electricity production processes.  

 

3 Used data  
A main part of this project was to gather data for the LEAP- model and learning to use LEAP. 

LEAP is not explicitly an optimization tool but there are optimization possibilities in LEAP and 

they are based on linear programming algorithms that minimize operation cost . The fuel cost data 

was gathered and inserted in the model in resource modules, fuel cost data is presented in Table 1. 

The data used to define the heat production processes (mainly heat output capacities) in the models 

are presented in Table 4 and Table 5. Energy demand data from 2008[9] was used in LEAP to define 

the district heating demand. District heating demand data from the two studied heat production and 

electricity generation power plants were collected through personal communication (see Figure 1) 

as well as in statistics obtained from the Swedish district heating association [16].  The total district 

heating demand is constituted by heat users, i.e. residential sector, public sector, industries and 

other. The demand curve shown in Figure 1 was imported into LEAP. The figure shows an hourly 

annual load shape of the heat demand in the Falun district heating system in 2010. This annual heat 

demand profile was also used for the Borlänge. The differences of the annual load shape between 

the two systems are not considered to be vast since the two cities are not geographically far from 

each other. 
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Figure 1: Diagram of load shape of energy load in Falun district heating system district heating system 2010[27].  

 

Since the simulations were based on production plant running costs, all costs for district heating 

operations and all processes need to be defined in the model. However cost for energy conversion is 

difficult to determine, this is because information regarding fuel costs and costs for industrial waste 

heat utilization could not be obtained from the energy companies for competitive reasons. Here 

reasonable assumptions regarding these costs were made based on available fuel price statistics and 

energy tax levels. The utilization of industrial waste heat was assumed to not be related to a cost at 

all, since waste heat is considered a bi-product that if not utilized for district heating would have 

been wasted.  

 

The fuel cost and energy taxes is, above all, the largest part of the total cost i.e. variable operation 

and maintenance (OM) cost, fixed OM cost and direct cost.  These costs where defined in LEAP in 

the resource module, see appendix F. In some cases the fuel prices have been varied to illustrate 

differences in production processes that had effects on the merit order of the production plants. That 

is, a higher OM cost can be defined for one process just to ensure correct merit order.   
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Table 1: Fuel costs constant, no growth included over years. 

Fuel Cost  Units 

Oil fuel 0.831   Eur/litre 

Industrial waste 
heat 

0 2 Eur/MWh 

Municipal waste 0 2  Eur/MWh 

Wood 201  Eur/MWh 

Electricity 82 3   Eur/MWh 

Diesel 0.95 3  Eur/litre 

LPG 77 4  Eur/MWh 

Gasoline 1.02 3 Eur/litre 

 

3.1 Normal year correction 

It is crucial to do a normal year correction of heat demand data because of the differences in 

outdoor temperature between years to make the results valid generally and not only for the specific 

year which the original data represents; e.g. if it has been a cold year there would be a higher total 

heat demand value and if these data are to be used to study future conditions these data need to be 

adjusted to a normal year, which is an average of recent years. As can be seen in Table 2, presenting 

the annual heat demand value in Falun, the year 2008 was a warmer year than the average. Thus, a 

normal correction of 2008 data increases the heat demand to make it possible to use the values in 

simulations of future development.  

Table 2: District heating demand from Falun district heating system in Falun. 

Year Energy demand [GWh] Normal corrected [GWh] 

2008 2555   289 6 

2010 345 7 3116  

 

In Table 2 it can be seen that in 2008 the yearly production in Falun was low, about 255 GWh 

compared to demand value of 2010 which was 345 GWh. This corresponds to a normal year 

correction of 12 percent increase in heat demand data. 2010 was a cold year, 111 percent of a 

normal year[16]. The 2008 normal year corrected values was used in the simulation model.  

 

 

                                                 
1
 Statens Energimyndiget, 2011, p. 53.  

2
 Personal reference: Bengt Östling, 2011. 

3
 Statens energimyndighet, 2011, p. 59. 

4
 Osbeck Et al., 2011, p. 4.  

5
 Swedish district heating association, 2009. 

6
 SCB, 2009, p. 48-50. 

7
 TPA Forum, 2011. 
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Table 3: Data of district heating demand for Borlänge district heating system district heating system.  

Borlänge district heating demand 
2008                                                                         

[GWh] 

Total Demand 3588 

Normal Year Corrected  4069 

 

Table 3 shows the heat demand data for the Borlänge system in 2008. The heat demand for 2008 

was normal year corrected using the same normal year correction factor used for the Falun system, 

see Table 2. Here annual values for normal correction were used. This matched the validation data 

although it could have been better to use normal year corrections on a monthly basis; however, it 

was not possible to insert demand for each month in LEAP. Also, monthly correction factors were 

not available for the geographical area of interest. 

4 Description of the modeled systems   

4.1 Borlänge district heating system 

 

Until 2008 AB Borlänge Energi, the energy company that owns the district heating plant in 

Borlänge had permission to incinerate 40 000 ton of municipal and industrial waste and had to 

export the surplus. In 2008 the combined heat and power plant (boiler 7) was finished and taken 

into service. It was going to replace the old heat-only boiler (boiler 6.) Because of high electricity 

prices boiler 7 would have higher profit compared to boiler 6[19].  From the time boiler 7 was taken 

into service the permission of waste heat incineration increased to 80 000 tons and the advantage of 

investing in combined heat and power plant with waste incineration is that the municipal and 

industrial incineration taxes is much lower for CHP and electricity generation than for heat-

only[16]. 

 

AB Borlänge Energi receives waste heat from SSAB and Stora Enso Kvarnsveden. The waste heat 

from SSAB is a high temperature waste heat over 80 degrees Celsius [11] and can be distributed 

directly into the district heating system. The waste heat is cheap and also cost of distribution and 

maintenance is divided between AB Borlänge Energi and SSAB[11], but the installation was mainly 

an investment of AB Borlänge Energi[5]. The waste heat from Stora Enso Kvarnsveden needs to be 

upgraded to a higher temperature, for that a heat pump is used. A flue gas condensation step is used 

                                                                                                                                                                  
 
8
 SCB, 2009, p. 48-50. 

9
 Personal reference: Östling, 2011. 
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in the process to extract waste heat from Stora Enso Kvarnsveden and this heat however also needs 

to be upgraded using steam from the industrial boiler in the Stora Enso Kvarnsveden plant. AB 

Borlänge Energi aims to eliminate the dependence on oil fired boilers and heat pumps in the  

Future [8]. Table 4 includes the technical specifications of the different heat production units in the 

Borlänge district heating system.   

 

Table 4: Data of district heating processes in Borlänge district heating system, see also Appendix B.  

Energy conversion 

processes 

Total heat capacity 

[GWh] 

Total electricity 

capacity 

Efficiency factor 

and COP 

Fuel 

Oil fired heat-only boiler 128  92 % Oil 

Municipal waste fired 

heat-only boiler ‘Boiler 6’ 

18  90 % Wood and Waste 

Electricity Heat Pump 36  300 % Electricity 

Waste heat Kvarnsveden, 

flue gas 

condensation‘Spets  Rgk’ 

70  250 % Wood 

Waste heat SSAB 20  100% Waste Heat 

Municipal waste fired CHP 

‘Boiler 7’ 

23 7 90% Municipal and 

industrial waste 

4.2 Falun district heating system 

Falun is the largest city and have the largest district heating system in Dalarna County. The Falun 

district heating system is constituted by two combined heat and power plants for heat production 

and electricity generation and several smaller heat-only production units. It is important to include 

the largest district heating system in this project, because the effects of heat demand changes in the 

Falun system should affect a relatively large part of the Dalarna population. The CHP plants was, as 

already mentioned, simulated in LEAP with only heat as output fuel. But just as with the CHP plant 

in Borlänge district heating system, the CHP 1 and 2 processes in the Falun district heating system 

was illustrated using a lower operation cost to yield an accurate merit order for the production units 

within the system. 

 

The heat processes in Falun district heating system was thoroughly investigated and the data for the 

heat production processes is demonstrated in Table 5. The Falun district heating system was 

modeled, containing the heat production processes; CHP 1 and 2, two oil fired boilers, two liquid 

propane gas (LPG) fired boilers, two biomass fired boiler and one oil fired boiler at Dalregementet 

(I13) and finally two oil fired boilers and one electricity fired boiler at the hospital Falun Lasarett. 
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CHP 1 and 2 are each of 30 MW and have all together a yearly production of 300 GWh heat and 60 

GWh electricity, CHP 1 and 2 consists of a total of 43 MW heat. The oil fired boilers are back-up 

boiler of 30 MW and the LPG fired boilers are a back-up boiler of 24 MW.  I13 has two biomass 

fired boilers and one oil fired boiler covering a total capacity of 43 MW. There are two oil fired 

boilers at Falun Lasarett having altogether 31 MW and an electricity fired boiler of 9 MW. There is 

also the heat-only gas fired boiler HVC Skyfallet with a capacity of 0.4 MW, but it is too small to 

make any difference in the model.  

 
Table 5: Data of district heating process in Falun district heating system, see Appendix B. 

Energy conversion processes 
Total 

Capacity[MW] 
Electricity 

Capacity[MW] 

Efficiency 
Factor 

and COP 
Fuel 

Biomass fired CHP ‘KVV1’ 30 8 90% Wood 

Biomass fired CHP ‘KVV2’ 30 9 90% Wood 

LPG fired heat-only boiler ‘HVC Syran’ 24 
 

92% LPG 

Oil fired heat-only boiler ‘HVC Reserv’ 30 
 

92% Oil 

Wood fired heat-only boiler 
‘Dalregementet’ 

12 
 

90 % Wood 

Wood fired heat-only boiler 
‘Dalregementet’ 

16 
 

90 % Wood 

Oil fired heat-only boiler 
‘Dalregementet’ 

15 
 

92 % Oil 

Oil fired heat-only boiler ‘Falu lasarett’ 15 
 

92 % Oil 

Oil fired heat-only boiler ‘Falu lasarett’ 15 
 

92 % Oil 

Electricity fired heat-only boiler ‘Falu 
lasarett’ 

9 
 

95 % Electricity 

 

 

4.3 Validation of Borlänge district heating system model result 

To ensure the model and simulation result accuracy simulations where made for comparison of the 

result to historic data of produced heat. The result of simulation until 2010 where compared to the 

historic data of 2010 years value from the Swedish district heating association.  

 

The capacity data that was collected from the beginning did not yield valid results compared to 

production data from AB Borlänge Energi AB, this mainly due to the fact that production drop outs 

and non technical limitations of the production units had not been considered initially. So the 

models needed to be adjusted to compensate for these issues. The validation data for the Borlänge 

district heating system are demonstrated in Table 6. The oil fired boilers of 128 MW are back-up 

boilers, but only a part of it is used and that is for peak load in winter and back-up production 

during unplanned production stops. So even if it looks like the capacity is oversized, it is not, back-
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up capacity is needed if a base load production unit is temporarily shut down and during peak 

demand hours.  

 

Boiler 6 is the old heat-only boiler in Borlänge district heating system and only in service as a back-

up at peak load in winter, for six months[19]. Boiler 7 is running nine months a year on average and 

the model capacity needed to be adjusted. This was because boiler 7 was to eventually replace 

boiler 6[19] and therefore capacity of boiler 7 is slightly reduced in the model, see Table 6.  

 

The technical heat pump capacity is 36 MW but the waste water from Kvarnsveden does not cover 

the whole heat pump capacity, the capacity was therefore lowered to 33 MW[19]. However, the 

model also needs to take in consideration that the heat pump does not run on full capacity over the 

year; it stops for maintenance and is not in service in the summer. LEAP did not offer the possibility 

to define specific production time periods. So to get a valid yearly production result of the heat 

pump the capacity was reduced to 9 MW. 

 

The capacity of waste heat from Stora Enso Kvarnsveden (in Table 6 denoted as ‘Spets RGK’) 

depends on the industrial process operation in Stora Enso and is therefore varied. The technical 

capacity for the utilization of this heat was slightly reduced to match output results from the model. 

  

Table 6: Capacity and adapted capacity of processes in Borlänge district heating system. 

Process 

Total 
heat 

capacity 
[MW] 

Adapted 
capacity 

[MW] 

Finally 
validation 

adapted 
capacity 2008 

[MW] 

Finally 
validation 

adapted 
capacity 2010 

[MW] 

Efficiency 
factor 

and COP 
Fuel 

Oil fired heat-
only boiler 

128 128 128 128 92 % Oil 

Municipal waste 
fired heat-only 
boiler ’Boiler 6’ 

18 9 12 10 90 % Wood and 
Waste 

Electricity Heat 
Pump 

36 33 33 9 300 % Electricity 

Waste heat 
Kvarnsveden 
’Spets RGK’ 

70 70 70 65 250 % Wood 

Waste heat SSAB 20 12 12 8 100 % Waste Heat 

Municipal waste 
fired heat-only 
boiler ’Boiler 7’ 

23 17 0 16 90 % Municipal and 
industrial waste 

 

The model result of 2010 is shown in Table 7, where column Input and Validation data: Fuel mix 

2010 should be noted. An important difference is the column Model Inputs of boiler 6 and boiler 7 
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summed up, which is larger than the corresponding number in the category validation data: Fuel 

mix 2010. It would probably be because the capacity is overrated in theory and compensates for 

some of the ‘Other fuel’ process, which contains of pellet and methane. Pellet is probably used in 

boiler 7 or boiler 6 because they are the only solid fuel fired boiler stations. Oil fired boiler 

probably covers the methane output fuel share in my model, which should explain the difference of 

requirement of oil fuel from the validation data.  

 

Table 7: Validation of LEAP model of Borlänge district heating system district heating system.  

Processes 

Output 
heat 
(see 

Figure 2) 

Output heat 
summed per 

fuel 

Input 
fuel 

Percentage 

Validation 
data: 

(Input)Fuel 
mix 2010 

Percentage 
(validation 

data) 

Waste heat 
Kvarnsveden ’Spets 
RGK’ 

228 
291 291 54% 285 54 % 

Waste Heat SSAB 64 

Electricity Heat Pump  12 12 12 2% 13 2 % 

Oil fired heat-only 
boiler 

17 17 18 3% 16 3 % 

Municipal waste fired 
heat-only boiler ’Boiler 
6’ 

59 

186 207 39% 203 39 % 
Municipal waste fired 
heat-only boiler ’Boiler 
7’ 

128 

Other fuel/processses 
no info no info 

no 
info 

no info 10 2 % 

Total 507 507 529 100% 526 100 % 

 

In 2010, 58 percent of the all input fuel was constituted by utilized waste heat from SSAB and Stora 

Enso Kvarnsveden and my model represent a valid result of 2010, two years from base year. In 

2010 boiler 7 was taken into service and was running on full capacity for about 9 month first 

year[19] which is accurate compared to the result, see Figure 2.  
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Figure 2: LEAP simulation result of output heat 2010 in Borlänge district heating system. Result used for validation. 

As illustrated in Figure 2 boiler 7 constituted a significant part of the heat production in 2010 which 

also means that electricity was co-produced. Manual calculations with an alpha value of 0.252[19]  

resulted in that about 33 GWh electricity could be expected to have been produced in 2010 which is 

in the range of the value from validation data Fuel inputs 2010, see Appendix A.  

 

4.4 Validation of Falun district heating system model result 

The simulation results for the Falun district heating system correspond well to the validation data, 

as is presented in Table 8. There are only minor deviations according to the Table when comparing 

the Model input column and Validation data column, only minor adjustments needed to be done to 

the capacities in the model.  

 

Table 8: Output result for 2010 from simulation in LEAP and validation data. 

Processes 
Output heat 

(see Figure 2) 

Output heat 
summed per 

fuel 

Input 
fuel 

Percentage 

Validation 
data: 

(Input)Fuel 
mix 2010 

Percentage 
(validation 

data) 

Biomass fired CHP 
(KVV1 & KVV2) 

259 

324 360 96 % 357 94% 
Biomass fired heat-
only boiler I13 

65 

Electricity fired 
heat-only boiler 
Falun Lasarett  

0 0 0.0 0% 0 0% 

LPG fired heat-only 
boiler 

13 13 14 4% 16 4% 

Oil fired heat-only 
boiler 

0 
0 0 0% 7 2% 

Oil fired heat-only 0 

Waste 
Heat SSAB 

13% 

Spets RGK KP 
45% 

Oil 
3% 

Heat Pump KP 
2% 

Boiler 6 
12% 

Boiler 7 
25% 
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boiler Falun Lasarett 

Oil fired heat-only 
boiler I13 

0 

 Total 337 337 374 100% 380 100% 

 

As can be seen in Table 8 in Inputs column which represents the input fuels to the system there is no 

production from the oil fired heat–only boiler. This is explained by that no production drop outs are 

included in the simulations, and these are mainly covered by oil fired boilers in the real case. So in 

the optimal simulated case there is no use of oil fired back-up boilers.  

 

 

Figure 3: LEAP simulation result of produced heat in Falun district heating system in 2010. Result used for validation. 

In Figure 3 the produced heat in the Falun district heating system for 2010 is shown. The model 

results are similar to the real values of 2010 with the exception of lack of heat production in oil 

fired boilers.  

 

5 Result 
Here the results of the heat demand reduction scenarios are presented for the Borlänge and the 

Falun district heating systems respectively.  The studied scenarios considered reducing district heat 

demand with 30 percent until 2025 and with 50 percent until 2050 and the results are presented for 

the years 2010, 2025 and 2050. 

5.1 Scenario results of the model of Borlänge district heating system  

Figure 4 presents the scenario results for heat production in the year 2025 in the Borlänge district 

heating system. In 2025 both boiler 7 and boiler 6 are still used according to the model results, but 

there is almost no heat pump production needed. Waste heat from Kvarnsveden, in the diagram 

Biomass fired 
CHP 
77% 

I13 Biomass 
fired heat-only 

boiler 
19% 

LPG fired heat-
only boiler 

4% 
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called Spets RGK KP is also reduced slightly. 

 

At peak load in the winter at least one oil fired boiler was running. Heat pump have a high COP 

compared to the efficiency factor of an oil fired boiler so even with a relatively high electricity price 

the heat pump using industrial waste heat is more efficient than an oil fired boiler. See also 

appendix E for illustration and heat production outputs in the LEAP result view. 

 

 

Figure 4: LEAP simulation result of output heat 2025 in Borlänge district heating system. 

The reduced district heating demand is visible in Figure 5. Neither oil fired boiler nor heat pump is 

necessary to provide the heat demand of year 2050. The requirements of waste heat from 

Kvarnsveden have been reduced quite a bit and less is required, see Figure 5. 

 

Figure 5: LEAP simulation result of output heat 2050 of Borlänge district heating system. 

 

Boiler 7 and 6 are still needed and so is waste heat from SSAB see Figure 6. 

Spets RGK KP 
42% 

Heat Pump KP 
1% 

Waste 
Heat SSAB 

15% 

Boiler 6 
13% 

Boiler 7 
29% 

Spets RGK KP 
28% 

Waste Heat 
SSAB 
19% Boiler 6 

15% 

Boiler 7 
38% 
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Figure 6: Result of LEAP simulation of output heat in 2010 until 2050 of Borlänge district heating system. 

 

5.2 Scenario results for the model of the Falun district heating system  

The scenario was reducing energy demand with 30 percent until 2025 and with 50 percent until 

2050 and then the result for the years 2010, 2025 and 2050 where analyzed. As can be seen in the 

result of the simulation of the model of Falun district heating system the CHP stations, the blue area 

in the diagram, and the biomass fired boiler on I13, the red area in the diagram, could meet the 

demand of the district heating system and the need of LPG fired boiler will decrease to zero before 

2020. Also see appendix E for illustration and energy outputs in LEAP result view. 

 

 

Figure 7: LEAP simulation result of output heat in 2025 of Falun district heating system. 
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Figure 8: LEAP simulation result of output heat in 2050 of Falun district heating system. 

 

In 2050 both CHP plant will probably not be required because of the reduction of heating demand 

and the large capacity of the CHP stations. A peak load process will still be needed. 

 
 
Figure 9: LEAP simulation result of output heat in Falun district heating system in 2010 until 2050. 

6 Discussion 
This chapter includes discussion on the simulation results and the method used in the project. 

Initially the results are discussed and the results from the two models are compared. Thereafter the 

district heating systems of Dalarna County not modeled in this study is discussed and the issue on 

how heat demand reductions might have affected these systems is also addressed. Finally the 

modeling tool LEAP and how it was suited for this project is discussed.  
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6.1 Discussion of simulation result Borlänge district heating system 

The results for the Borlänge district heating system showed that the heat production within the 

system in scenario case 2050 was constituted by waste CHP production and industrial waste heat 

utilization from SSAB and Kvarnsveden. These results are of course dependent on several different 

factors e.g. will there still be enough municipal and industrial waste at 2050? Is the waste recycled 

in a way that more material can be reused and not as much is used for heat and electricity 

production? It has been debated if it would be best to reuse municipal waste instead of burning it, in 

an energy-conversion sense, which would mean that there maybe not be enough waste to run boiler 

6 in 2050. Another question is; if AB Borlänge Energy wants to replace boiler 6 or if they rather 

replace some of the waste heat from Kvarnsveden see Figure 5. Boiler 7 was suppose to replace 

boiler 6, but according to my simulations with the running cost optimization, it would be better to 

continue using boiler 6 and not utilize waste heat from Kvarnsveden because the waste heat needs 

to be upgraded, which is more expensive than ordinary municipal waste incineration in a  heat-only 

boiler. AB Borlänge Energi wants to use boiler 6 as a back-up process[19]. In the validation data it 

is obvious that both boilers are running at 2010. There have been thoughts about building another 

municipal waste fired boiler, boiler 8[20], but there are no decisions made about that yet. Boiler 8 

would in that case replace boiler 6 and if it was built as a CHP unit, even more electricity could be 

produced in the system.  

 

As shown in Figure 4, neither oil fired boiler nor heat pump is necessary to provide the heat demand 

of year 2050, but maintenance is higher for heat pump and it is not as easy to store waste heat as it 

is to store oil fuel. So the question from this result is; what fuel would be preferred? 

 

From Figure 5, lot of the waste heat from Kvarnsveden will not be required in 2050 and that would 

maybe open up for collaboration with Falun Energi & Vatten AB, i.e. Falun district heating system 

in Falun. Boiler 7 could still run on full capacity and produce 33 GWh of electricity every year. So 

capacity is not oversized. Waste heat from SSAB is still required because it needs no upgrading and 

is close to free of charge for AB Borlänge Energi so it has got a high merit order.  

6.2 Discussion of simulation result for the Falun district heating system  

When looking at Figure 7 showing produced heat in the Falun system in scenario case 2025, CHP 1 

and 2 are decreasing more than I13 Biomass fired boiler. That is because CHP is favored in the 

merit-order due to the co-generation of electricity. Electricity generation enhances the company’s 

profit, especially when the electricity prices are high. As can be seen in Figure 9, CHP plant 

capacity is needed in 2050, but it would not be needed to its full capacity. Further, it is less profit to 

run one of the CHP plants on 50 percent capacity, because of cost of maintenance and because the 
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efficiency factor decreases if the plant is not on full power, which makes it inevitable to ask the 

questions; Would it be better to have a back -up process running in the winter to cover peak load? 

What would this process be? If there had been time left this would be interesting to simulate. The 

electricity generation would be reduced by half if only one CHP station was running in 2050. 

6.3 Difference between Falun district heating system simulations result 
and Borlänge district heating system 

The difference in the result between the Falun Energi & Vatten AB and AB Borlänge Energi 

indicates that they have not the same vision of future investments. In the Falun district heating 

system there are two high-capacity CHP plants that both not will be needed if the energy goals for 

2050 are achieved. On the other hand, AB Borlänge Energi have invested in a CHP plant, boiler 7, 

which probably not will be enough to replace boiler 6 if they want to continue maximum waste 

incineration, because of the favorable low fuel cost and if taxes will still be low for CHP boiler in 

the future. According to the result boiler 6 can still be running in 2050 without having oversized 

capacity and it is also clear that Borlänge population is growing which makes it even more 

reasonable to assume that it would be possible to expand and make investments. On Falun district 

heating system both CHP 1 and 2 will probably not be operated on full capacity, so one question 

would be: who will pay the expenses of one CHP plant that is not operated? What unit will 

constitute the back-up heat production and supplier for peak loads in winter? Would it be the pellet 

fired boiler on I13 or is it much more favorable to use an oil fired boiler, because oil is, even though 

expensive, a more suitable fuel to store when not needed.  

 

The planned investments of electricity generation in Borlänge district heating system will probably 

be covered, but the investments of CHP in Falun district heating system are high and electricity 

generation will decrease if heating demand decreases.  

6.4 Other district heating systems in Dalarna County 

The district heating systems in Dalarna County is aggregated in appendix B. For the bigger one e.g. 

Smedjebacken and Mora they have different kinds of processes for heat production. For example, 

the district heating plant Utemelandsverket, the district heating system in Mora is a municipal waste 

fired heat-only boiler that covers most of the demand and utilized waste heat from Siljansågen 

requires reheating and with an economizer this will probably be more expensive than incineration of 

municipal waste. Except for the district heating systems in Hedemora, Borlänge and Falun there are 

no CHP plants in any of the other district heating system in Dalarna County. Thus, there is no other 

CHP electricity generation that could be affected by building heat demand reduction. Most of the 

smaller district heating systems in Dalarna County uses wood or oil fired heat-only boilers. Heat 
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demand reductions in buildings connected to these networks can be expected to mainly reduce the 

use of fuels within the system.  

 

In Smedjebacken in 2050 the heating demand could be covered by waste heat and biomass fired 

heat-only boiler. It is uncertain which is favorable because some of the waste heat need reheating 

before distributed. If biomass incineration is more economically favorable it could cover most of 

the demand also. Other systems will have a similar development because the fuel prices and 

resources will be similar. If oil price continue to increase, oil fired boiler may not be preferred as 

back-up capacity at peak load. If electricity price continue to increase it will be expensive to 

upgrade waste heat and municipal waste incineration would be preferred.  

 

6.5 Limitations 

In transformation modules in LEAP, the order of the modules affects the result. The top modules are 

used first to meet the demand and the lower modules in LEAP are used secondly to meet the 

demand. This would be a limitation when wanting to simulate a number of processes of different 

types, because they are placed in different modules and will not be equally dispatch, but the top 

module will be on maximum capacity before going on to the next from the top module and down. It 

would have been better if there were some way to set the order of dispatch between modules too 

and not only processes in every module that would be preferable for my district heating system 

model. 

 

A cogenerated plant, i.e. electricity generation and heat production plant, was not possible to 

include in the optimization because only one process type is allowed in a module for optimization. 

Optimization is done within the module. If it was possible to optimize the more complex system 

with both heat-only boilers and cogenerated plants, it would be possible to calculate the advantages 

that could come with electricity generation in the model.  

 

In the beginning, when this project started LEAP was not updated in to a new version, only a simple 

annual energy load shape divided into ten steps could be inserted in LEAP and it was difficult to 

simplify into just a few values. Peak load values was missing and it was not possible to make a 

valid model of the system, so all simulations were delayed because of this issue. When LEAP was 

updated to version LEAP 2011.0.0.33 in May 2011, it was possible to download a full load shape 

with 8760 hours. In the first updated version there were problems with import of EXCEL range, 

which is the program that is linked to LEAP for importing data. Later on; 365 days and 24 hours a 

day could be imported, when looking at the result view, when a scenario had been simulated the 
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load curve was not illustrated in a standard way, which made it difficult to know if LEAP really was 

using the correct load shape, see Appendix D. In January a new updated version, LEAP 2011.0.0.41 

was available with fixed bugs. Using LEAP as a simulation tool means that less data is required 

than when using a more advanced optimization tool i.e. LEAP is only an explicit optimization tool 

and it is primarily used for forecasting and scenario simulation.  

7 Conclusion 
The scenarios that were simulated indicate the possible effects of building heat demand reduction 

on the operation of the district heating systems in Falun and Borlänge. Different conclusion could 

be drawn from these simulations of the two largest district heating systems in the county. The total 

heat production capacity in district heating systems can be oversized if future goals of energy 

efficiency measures are reached. Falun district heating system has high-capacity CHP stations that 

might be oversized and not fully operated if energy goals are reached, which could be a reason for 

the power company not to work for heating demand reduction. 

 

One impact of energy efficiency measures is that less heat and electricity will be produced in the 

CHP plants in Falun district heating system. This would be a conflict of interest when the company 

has invested to produce more electricity in the CHP plants. If halving the heating demand there will 

be enough capacity in both Borlänge district heating system and Falun district heating system not to 

use oil fired boilers, but back-up capacity for peak loads will still be required and oil are preferred 

because it can be stored when not needed, so reduction of fossil fuel is not assured.  

 

Further studies regarding peak load and back-up processes could be done by analysing what fuel 

would be preferred for storage and peak load processes. If there had been more time, more complex 

scenarios could have been built and if using another program, probably an optimization tool, maybe 

it would have been possible to make a more complex model. Still, there is no such thing as perfect 

software and LEAP has been updated the past month to fix bugs and to enhance the planning tool. If 

another simulation tool were used that could simulate a cogeneration process it would have been 

possible to simulate change in electricity production, when reducing the heating demand in the 

model.  
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Appendix A 

Validation data from AB Borlänge Energi 

 
The Table illustrates fuel inputs in Borlänge district heating system 2010 21. 

Fuel inputs 2010:    

  [GWh] Percentage 

Municipal and Industrial Waste 202.5 36 % 

Waste heat (SSAB) 137.5 25 % 

Spets (Stora Enso Kvarnsveden) 147.4 26 % 

Oil 15.7 3 % 

Electricity 13 2 % 

Electricity Production 33.4 6 % 

Pellet 7.7 1 % 

Methane gas 2.4 0 % 

  559.6 100 % 

 
 

 
Figure 10: The figure illustrates fuel mix, i.e. data of input fuel for heat production in Borlänge in 2010[22]. 
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Appendix B 

Compilation of all systems in Dalarna County 

 
Table 9: Compilation of all district heating systems in Dalarna. 

Energy conversion 

processes 

Heat 

Capacity[MW] 

Electricity 

Capacity[MW] 

Fuel  Data from 

Falun, Bjursås 1.5  Wood Falun 

Energi & 

Vatten AB 

Falun, Bjursås 1.5  Oil 

Falun (Falun district 

heating system) CHP1 

30 8 Wood 

Falun (Falun district 

heating system) CHP2 

30 9 Wood 

HVC Syran 24  LPG 

HVC Reserv 30  Oil 

Grycksbo 1.5  Wood 

Grycksbo 2.5  Oil 

Grycksbo 1  Electricity 

Svärdsjö 2  Wood 

Svärdsjö 1  Oil 

Svärdsjö 1  Electricity 

Skyfallet 0.4  Bio Gas 

Dalregementet 12  Wood 

Dalregementet 15  Wood 

Dalregementet 16  Oil 

Falu lasarett    

Falu lasarett 15  Oil 

Falu lasarett 15  Oil 

Falu lasarett 9  Electricity 

Borlänge(Borlänge 

district heating system) 

30  Wood and 

waste 

AB 

Borlänge 

Energi 
Borlänge(Borlänge 

district heating system) 

18  Wood and 

waste 

Borlänge(Borlänge 

district heating system) 

128  Oil * 4 

boiler 

Ornäs 2  Wood AB 
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Torsång 5  Wood Borlänge 

Energi Borlänge(Borlänge 

district heating system) 

CHP 

23 7 Wood 

Insjön 3  Wood Dala Energi 

Insjön 3  Wood 

Insjön 3  Oil 

Leksand 4  Wood 

Leksand 3  Wood 

Leksand(Flue Gas 

Condensation) 

1.5  Flue Gas 

Condensati

on 

Leksand oil fired boiler 5  Oil 

Leksand electricity 

fired boiler 

4  Electricity 

Leksand vårdcentral   Oil 

Leksand simhall   Oil 

Grängesberg, 

Skakelbacken 

3  Wood VB Energi 

Grängesberg, 

Skakelbacken) 

7  Oil 

Grängesberg, 

Skakelbacken 

4  Electricity 

Ludvika Lyviksverket 10  Wood Värmevärd

en AB Ludvika Lyviksverket 10  Wood 

Ludvika(Flue Gas 

Condenation) 

5  Flue Gas 

Condensati

on 

Ludvika (Back-up 

production) 

Unknown  Oil, LPG, 

electricity 

Ludvika Folketshus 7  Oil  

Lasarettet 10  LPG/Oil  

Lasarettet 10  LPG/Oil 

Sporthallen 4  Electricity 

Avesta 25  Waste Värmevärd



 4 

Avesta Källhagsverket 13  Wood en AB 

Avesta(Waste heat 

from Outokumpu) 

22GWh/year Waste Heat 

Avesta(Back-up 

production in 

PClastaren) 

34  Oil, EO3 

Ultra LS 

Avesta(Back-up 

PCsaxen) 

16  Oil, E01 

Minima 

     Hedemora 

Energi AB Horndal Unknown   

Gustafs Unknown   

St Skedvi 1  Wood 

Skedvi(Back-up 

production) 

2  Oil 

Säter 5  Wood 

Säter 5  Wood 

Säter(4 Back-up 

boilers) 

16  Oil 

Hedemora(2010) 10 2.5 Wood 

Hedemora 6  Wood 

Hedemora(Back-up 

production, 10MW) 

10  Oil 

Hedemora(Back-up 

production, 8MW) 

8  Oil 

Långshyttan 2  Wood 

Långshyttan 0.5  Wood 

Långshyttan(Back-up 

production) 

3  Oil 

Malung-Sälen 7  Wood Tekniska 

kontoret, 

Malung-

Sälen 

Malung-Sälen(Back-up 

production) 

8  Oil 

Malung-Sälen 

gymnasie 

1.7  Wood 

Malung  fjället, 

Sälenbyn 

1  Wood 
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Malung-Sälen 

Lindvallen, skistar  

3  Wood 

Malun-Sälen 

Äldreboende, lima, 

vårdcentral  

1  Wood 

Malungs folkhögskola Unknown  Unknown 

Malung äldreboende 

transstrand 

0.5  Wood 

Malung 

Tandådalen(2011) 

2  Wood 

Malung, Malungs hem 1  Wood 

Mora 

Utemelandsverket 

6  Waste EON Värme 

Mora 

Utemelandsverket 

(Back-up production) 

36  Oil 

Mora Stormyren 9  Oil 

Mora Lasarettet  5  Oil 

Mora Siljansången 6.5  Economizer 

Mora Vattumyrsverket 20  2*Wood 

Rättvik 3  Wood Rättvik 

RTAB Rättvik 7  Wood 

Vansbro pelletsfabrik 6.5  Wood RindiEnergi

Västerdala Vansbro Grönalid 3  Wood 

Vansbro Grönalid 2  Oil 

Vansbro Grönalid 3.5  Oil 

Orsa Nakkilan 5.5  Wood and 

Fuel Gas 

Condensati

on 

SEAB 

Fjärrvärme 

Orsa(other) 2  Wood 

Orsa 11  Oil 

Smedjebacken 2  Electricity 

Smedjebacken 5.8  Oil 

Smedjebacken 8  Wood 
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Smedjebacken 5  Flue Gas 

Condensati

on 

Waste Heat:      

Borlänge 36  Electricity Borlänge 

Energi 

Smedjebacken 14.1  Waste heat SEAB 

Avesta Outokumpu 2.5  Waste heat AB 

Borlänge 

Energi 

 
 

 

Appendix C 

Energy flow diagram illustrations 

 
Figure 11: Energy flow diagram of Falun district heating system model in LEAP.  

 
Figure 12: Energy flow diagram of Borlänge district heating system model in LEAP.  
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Figure 13: Energy flow diagram of Borlänge district heating system with separate module for CHP, makes a LEAP bug 

obvious. 
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Appendix D 

Energy load curve inserted in LEAP 

 
Figure 14: Energy load curve in Falun 2010 in Diagram View in LEAP, an error of illustration is seen here. 
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Appendix E 

Simulation result 

 
Figure 15: LEAP result view of simulation of Falun district heating system energy outputs of 2020. 

 

 

 

 
Figure 16: LEAP result view of simulation of Falun district heating system energy outputs of 2050. 
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Figure 17: LEAP result view of simulation of  Borlänge district heating system energy outputs of 2020. 

 

 
Figure 18: LEAP result view of simulation of Borlänge district heating system energy outputs of 2050.  



 11 

Appendix F 

Resources module in LEAP 

 
Figure 19: Cost inserted in LEAP in the resource module. 

 

 

 

 

Figure 20: Cost inserted in LEAP in the resource module. 


