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Abstract

The heating system of Nydal

Charlotta Sahlström, Olle Crondahl, Sara Hesse

The municipality of Knivsta plans to expand from 
15,000 to 25,000 inhabitants until the year 2025. In 
order to do so the municipality is planning to build a 
new residential area, Nydal. The purpose of this 
bachelor thesis is to estimate the heat demand for the 
new district and to investigate the advantages and 
disadvantages of using a common or an individual heat 
solution. The common solution consists of a pipe grid 
system connecting each building with a central heat 
source and in the individual solution each building has 
its own heat source. The heat units that have been 
used are combined heat and power and solar thermal 
heating.
 
The total yearly heat demand for Nydal was calculated 
to total 21.6 GWh for the common solution and 19.4 
GWh for the individual solution. This implies that the 
losses in the pipe grid are 2.2 GWh. The heat demand 
peaks are largest in January, about 7600 kW, and 
smallest in July, about 300 kW. To cover the heat 
demand for the common solution during summer, 
solar panels need to cover 6.5 per cent of the roof 
area. To be able to cover the heat demand for the 
larger buildings in the individual solution up to 45 per 
cent of the roof area needs to be covered with solar 
panels. Furthermore, the total installed heat power 
from CHP plants is 4320 kW in the common solution 
and 7375 kW in the individual solution. In conclusion, 
a common solution is to prefer because less CHP needs 
to be installed despite heat losses in the pipe grid.   
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List of terms  
!
District heating  
District heating is a technology to supply buildings in an area with heating or cooling. The 
thermal energy can be obtained from heat plants or cogeneration plants, which generate heat 
in the form of hot water or steam. The hot water or steam circulates in an underground pipe 
system (Rezaie and Rosen, 2012). 
 
kWe 
The kWe unit is the electrical power produced or used. The proportion of kWe that can be 
produced in a power plant is determined by its design (The Association for Decentralized 
Energy, 2015c).  
 
 
Combined heat and power (CHP) 

Combined heat and power is an efficient process of producing heat and power. A single 
process generates electricity at the same time as capturing usable heat that is produced in the 
process. If a CHP plant is connected to a district-heating network, it can provide heat and 
power to several buildings connected to the network. A Micro-CHP has a smaller electrical 
output than CHP, typical less than 2 kWe. Micro-CHP is designed for individual households 
and micro-business and is a replacement for a standard domestic boiler (The Association for 
Decentralized Energy, 2015c).  
 
 
Stirling engine 
A Stirling engine is a heat engine, which is driven by an extern incineration, and its working 
medium could be air or some other gas. In the engine a plunge is driven by and forth between 
a hot and cold end in a cylinder. These fluctuations are in turn affecting a ram, which leads to 
electricity production. Simultaneously a regenerator and a radiator is placed in a side circuit 
were the heat absorbs. In other words a Stirling engine produces both heat and power 
(Nationalencyklopedin, 2015).  
 
Passive House 
The main criterion for a Passive House is that the building needs to be designed to have a heat 
demand of maximum 15 kWh/m2 per year (Sveriges centrum för nollenergihus, 2012). 
 
U-value  
The overall heat transfer coefficient, U-value, is a measure of heat losses in a building 
element such as walls, roofs, windows, doors and floors (Energimyndigheten, 2013). 
!
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1. Introduction 
!
The world faces a demanding challenge with an increasing population and with an improving 
standard of living, while at the same time the global natural resources decrease. The 
population needs and uses more energy, which have mainly been fossil and therefore 
greenhouse gas emissions and global warming have become a severe problem. The term 
sustainable development emerged and was described by The World Commission on 
Environment and Development 1987 in the report Our Common Future, also called the 
Brundtland report (Svenska FN-förbundet, 2012).  
 
Moreover, The European Commission (EU) has created a framework for the year 2030 in 
order to make the EU’s energy and economy system more competitive. By 2030, the 
greenhouse gas emission should be reduced by 40 per cent compared to the level of 1990 and 
the share of energy use from renewable sources should be increased to at least 27 per cent of 
the EU energy use (European Commission, 2015a). 
 
Buildings are responsible for about 40 per cent of the energy use in the EU and for this reason 
the EU has a separate directive for buildings, called The 2010 Energy Performance of 
building, in order to reduce the energy use in buildings. According to The 2010 Energy 
Performance of building all new buildings must be nearly zero energy buildings by 2020 
(European Commission, 2015b). The main criterion for a zero energy building is to produce 
as much energy as it consumes (Sveriges centrum för nollenergihus, 2012) and it primarily 
gets the energy from renewable energy resources (European Commission, 2015c). An 
example of this kind of building is Passive House, which uses minimal energy and has 
reduced greenhouse gases emissions. According to the EU's requirement standards, the 
member countries should adapt building regulation to build “Near-Zero Energy Building” 
(Sveriges centrum för nollenergihus, 2012).  
 
In order to fulfill the EU´s requirements the heating distribution also plays an important role 
when building environmentally sustainable domestic areas. District heating systems are 
generally considered to be efficient and sustainable and in Sweden the use of district heating 
has increased steadily over the years. More than half of the total demand for heat in a Swedish 
building is supplied using district heating technology (Svensk fjärrvärme, 2015). However, 
when planning new residential areas there are aspects to consider before deciding whether to 
use district heating or a decentralized heating system (Wetterstedt, 2015).  
 
When planning a new residential area with low energy use, heat and power distribution are 
essential. The municipality of Knivsta is investigating these issues in their planning of the 
new environmentally sustainable district, Nydal. What different types of buildings will be 
represented in Nydal and what is the best way to meet the varying heat demand from these? A 
part of the planning process is to investigate what kind of heating system Nydal should use. Is 
district heating or an individual heating system in each building the most suitable energy 
solution for Nydal?  
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1.1  Aim 
!
The purpose of this report is to examine the differences between using district heating and 
individual heating systems, in the future district Nydal in the municipality of Knivsta in 
Sweden. Firstly, a part of the aim of the study is to calculate the heating demand in a smaller 
district. The calculation is based and applied on the intended future energy efficient district 
Nydal. The model is general and designed to calculate the heating demand in smaller Swedish 
urban districts.  
 
The report also aims to investigate and compare model district and individual heating systems 
in Nydal. The intention is to find where and when the maximal peaks of heat demand are and 
discuss how to provide the area Nydal with heat in the most efficient and sustainable way. 
 

1.2 Research questions 
 

• What is the approximate level and annual profile of the future heat demand in Nydal? 
• What are the advantages and disadvantages of using district heating as opposed to 

individual heating systems in Nydal?  
!

1.3 Limitations 
!
This report will discuss the heat demand and how to supply heat to the buildings in Nydal. 
The electricity grid in Nydal is assumed to be connected to the main electricity grid in 
Sweden and therefore the electricity use if Nydal will be briefly considered. Furthermore, the 
report will not make allowance for the economic aspect of the heating solution.  
 
Since this report’s main focus is to examine the technical aspects the heat demand and supply 
it is limited to sustainability in a technical sense. The social sustainability is not taken into 
consideration. Limitations regarding heat supplies will be done. Due to the local conditions in 
Nydal only solar thermal heating and combined heat and power will be investigated. Because 
of the fact that Nydal is still in the progress of planning, i.e. no buildings have been built, 
simplifications and assumptions are going to be made about houses, constructions and the 
cityscape. 

!

!
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1.4 Outline of report  
!
The report starts with a background section, which is divided into three parts: a presentation 
of the municipality of Knivsta and the district Nydal, facts about heat systems and a part 
about sustainable development. Furthermore, in section 3 the report continues with a 
methodology and data presentation. This section describes the way Nydal’s cityscape and heat 
demand have been estimated and the models that have been used. In section 4 the results of 
the cityscape and buildings, heat demand, heating network and supply are presented and 
discussed. A sensitivity analysis is presented in section 5 and a summarizing discussion in 
section 6. Conclusions are presented in section 7.  

! !
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2. Background 
!
The municipality of Knivsta is located in an area with high population growth, between 
Stockholm and Uppsala. Knivsta has 15,000 inhabitants and is a relatively young municipality 
that was established in 2003 and is one of the fastest growing municipalities in Sweden today. 
One third of the population are children and young people, which need to be considered in the 
urban development and especially in the school system in Knivsta (Knivsta Kommun, 2015a). 
For this reason the community development is an important question for the politicians in 
Knivsta, both in short and long term (Knivsta Kommun, 2015b). The municipality has 
decided to work towards a conscious and sustainable society (Knivsta Kommun 2015c). The 
Swedish Energy Agency has granted a support to the municipality of 400,000 SEK, which is a 
support for the work with issues of the energy system in the upcoming residential area, Nydal 
(Knivsta Kommun, 2015a). 
 
The municipality’s prognosis is to increase the population with up to 25,000 citizens until 
2025 and to increase the proportion of people working in Knivsta. A part of the vision is to 
build on the basis of sustainability with reduced energy use. Water and sewage systems will 
be built with modern and the best of proven methods. The energy will largely be produced 
locally with e.g. solar cells (Knivsta Kommun, 2014a). 
 

2.1 Nydal 
!
The municipality’s ambition is to design Nydal with a central focus on social, ecological and 
economical sustainability. With residential buildings, offices and public areas, Nydal is to be 
appealing to all kinds of people. This is a part of a project called Vision 2025 Knivsta kommun 
and Nydal will be complete in 2025 and is intended to include 3,000-5,000 apartments with 
room for up to 10,000 inhabitants (Knivsta Kommun, 2014a). 
!

2.1.1 Cityscape of Nydal 
!
A construction plan has been presented made by the municipality of Knivsta (Figure 1). 
According to this plan the district is going to contain three schools with a capacity of 300 
students each, two gymnasiums, 15 kindergartens and a travel centre (Knivsta Kommun, 
2014b). Nydal is also going to have different types of residential buildings. A variation in 
building types will result in a vibrant area. Larger buildings are situated close to the travel 
centre while row houses and small houses are more suitable to place in the outskirt, close to 
nature. Small blocks built by different construction companies are also a way to vary the 
building stock because of the differences in building design. The outdoor environment with 
green areas, parks, streets, and natural meeting points is important for the inhabitants to enjoy 
the local area (Knivsta Kommun, 2014a). 
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Figure 1. Proposal of a construction plan of Nydal made by the municipality of Knivsta.  
1- Travel centre, 2- Gymnasium, 3- School, 4- Office buildings (Knivsta Kommun, 2014b). 
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2.1.2 Previous work 
!
Three reports, Hållbara energisystemlösningar, Slutrapport Nydals energisystem and What 
power demand does a residential building have?, about possible energy system solutions in 
Nydal have given an understanding of which aspects must be addressed in more detail. The 
reports have particularly focused on the energy demand in Nydal and an aim of the reports 
was to evaluate the electric power demand of a typical residential building which can be used 
to understand the electric power demand in Nydal. Furthermore, the reports discuss and 
evaluate the possibility for Nydal to be energy and heat self-sufficient. Based on calculations 
for heat and electric demand in Nydal, the reports conclude that Nydal can be energy self-
sufficient on a monthly basis. Energy sources that have been studied and proposed are solar 
cells, solar panels and CHP. A possible solution for the heat and energy generation would be a 
combination of these energy sources (Andersson et al., 2014; Andreén et al., 2015; Lindbom 
et al., 2014).  
 
A more detailed investigation of the aggregated heat demand in Nydal is in focus in this 
report. Previously, heat demand has been calculated on a monthly basis for a residential 
building to get a general understanding. By investigating the heat demand in Nydal for 
different types of buildings on an hourly basis, the result presented in this report can be used 
as complement to previous reports to reach an effective energy solution for Nydal.  
 

2.1.3 Challenges 
 
Connecting residential areas to the Swedish power grid is a standard procedure that will 
enable Nydal to buy and sell electricity. In contrast, it is a more complicated procedure to 
connect a heating network to an already existing grid (Åberg, 2015). It would be possible to 
connect Nydal to the existing district heating system in the municipality of Knivsta, but the 
municipality is concerned that the energy company who owns the existing system will address 
specific requirements on Nydal’s infrastructure and buildings. Therefore, the municipality of 
Knivsta is investigating the possibility of using local heat distribution instead of a connecting 
to the existing heating system (Wetterstedt, 2015).  
 

2.2 District heating and individual heating system 
!
District heating can be used to supply industries, commercial and residential buildings with 
centrally produced hot water or steam. The heat can be obtained from heat plants or 
cogeneration plants, which generate heat in the form of hot water or steam. Heat plants can 
use a variety of fuels, such as biomass, oil, natural gas, waste and peat. Renewable energy 
sources, such as solar thermal heating, and geothermal heating are also possible to use. The 
distribution of heat is done through a heat carrying fluid in underground pipe systems. The 
heat losses in the pipes and the consumer demand determine the total heat load (Rezaie and 
Rosen, 2012). 
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!
Instead of district heating, an individual heating system can be used to supply a building with 
heat. Such a system is normally integrated in the building and different kinds of energy 
sources can be used, in this report a combination of micro-CHP and solar thermal heating is 
studied. The advantage of an individual heating system is that the heat losses are small 
because of the short transportation of energy (Cholewa, and Siuta-Olcha, 2009). 
 

2.3 Combined heat and power, CHP 
!
Combined heat and power (CHP) is an efficient process of producing heat and power at the 
same time. A single process generates electricity while capturing the usable heat that is also 
produced in the same process. Compared to conventional thermal electricity generation where 
most of the heat produced is wasted, CHP reaches an efficiency of over 80 per cent. CHP has 
several benefits, one is that transmission and distribution losses can be avoided because CHP 
plants provide locally produced heat and electricity. Moreover, CHP is not depending on a 
specific fuel; instead the process can be applied to both renewable and fossil fuels. (The 
Association for Decentralized Energy, 2015a). !
 
If a CHP is connected to a district-heating network, it can provide heat and power to several 
buildings connected to the network. Consequently, CHP are used in areas with a high 
concentrated demand for heat such as city centres, towns and industrial areas (The 
Association for Decentralized Energy, 2015b). 
 

2.3.1 CHP from INRESOL  
!
There is a CHP power plants-collection produced by the company INRESOL called 
GENIOUSTM CHP with Stirling engines. The engine has a power output in continuous 
electrical power of 5 kWe and a maximum of 10 kWe intermittent and at the same time 
produces 15 kW heat. This leads to an efficiency of 90-96 per cent and an operational lifetime 
of 90,000 hours or approximately 10 years. It is a multifuel burner, which means that the 
engine is compatible with e.g. biomass, pellets and gas etc. (Inresol, 2015). A single CHP 
plant with one Stirling engine is called a micro-CHP. The micro-CHP is designed for 
individual households and micro-business and is a replacement for a standard domestic boiler. 
Electricity that is produced can either be used throughout the owner’s building or exported to 
an electricity grid (Bjork and Inborr, 2010; The Association for Decentralized Energy, 
2015c).  
 
To be able to create a larger power output there is a possibility to connect several Stirling 
engines together into one burner unit. This kind of unit provided by INRESOL is called CHP 
Gamma Stirling Power Containers and is one of the products in the GENIOUSTM CHP-
collection. Depending on the number of engines the CHP power plant can produce power of 
between 10-1700 kW. Table 1 shows different sizes of CHP and the amount of Stirling 
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engines and also how much electric and thermal power they produce. It could be connected to 
the current heat and electrical net with a ‘turn key’ solution. In order to do so it is possible to 
provide larger buildings such as schools, hospitals, apartment block etc. (Inresol, 2015). To 
provide a district it is possible to connect a number of containers together in order to cover the 
heat demand (Eriksson, 2015).  

 

2.4 Solar thermal heating 
!
Solar thermal heating is a renewable energy resource that converts solar radiation to usable 
heat.  A variety of different solar thermal technologies are available. Non-concentrating solar 
thermal technologies are operating with both direct and diffuse solar radiation, solar heat 
utilization in cloudy regions are therefore possible. In contrast, concentration solar thermal 
technologies need direct radiance from the sun and are more suitable for areas such as deserts 
and subtropical regions (International Energy Agency, 2012).  
 
The main types of non-concentrating solar heating collectors are flat-plate and evacuated 
tubes. The most common type in Sweden is flat-plate collectors, which are used for space and 
water heating or cooling systems. A flat-plate collector consists of an insulated metal box 
with a glass or a plastic cover, called glazing, and a dark absorber. The insulation reduces heat 
losses from the back and sides of the collector and the absorber absorbs solar radiation and 
transfers heat to a fluid, for example water or air, which circulates through the collector in 
tubes. The heated fluid can be used directly for heating or cooling or can be stored in an 
accumulator tank. The efficiency of a flat-plate collector is about 75 per cent. Furthermore, 
large- scale solar system can be used for district heating system and can supply buildings in a 
district with heating or cooling. These systems can vary from tens to hundreds of square 
meters of collectors and the collectors are usually on the ground instead of mounted on roofs, 
which are common for smaller installations (Energimyndigheten, 2014; International Energy 
Agency, 2012; Home Power, 2009).  
!
  

Engines!maximum! Power!(electrical/thermal)![kWe/kW]!
! !

12! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!120/192!
32! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!320/480!
72! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!720/1080!

Table 1. Different size of CHP and how much electricity and thermal power they produce 
and the amount of Stirling engines (Inresol, 2015).  
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2.5 Sustainable development 
!
The concept of sustainable development emerged in the early and mid 1980’s because of the 
environmental concerns about the increasingly ecologic consequences of human activities and 
socio-political concerns about human development issues. As a consequence, in 1987 the 
World Commission on Environment and Development released the report Our Common 
Future, also called the Brundtland report. In the report sustainable development was described 
and defined as:  
 
“Sustainable development is development that meets the present needs without compromising 
the ability of future generations to meet their own needs” 
 
Moreover, sustainable development can be described in terms of three dimensions that are 
connected and interacted with each other. These dimensions are ecological, economic and 
social development. The ecological aspect means that human impacts should not exceed 
the biophysical carrying capacity of the planet i.e. that human activity not use up nature’s 
resources faster than they can be replenished naturally. The economic dimension is to provide 
a material quality of life for all and the social aspect means that the systems of governance 
should act to support the values that people want to live by (Robinson, 2004; Svenska FN-
förbundet, 2012).  
 
The municipality Knivsta’s ambition is to design Nydal with focus on the three dimensions: 
social, ecological and economical sustainability. In the Vision 2025 Knivsta Kommun the 
municipality of Knivsta states that the aim is to be a good example for other municipalities by 
having a sustainable approach. In order to be a sustainable society the transportation system is 
going to be well developed with focus on walking and cycling. The car traffic is going to be 
kept at a minimum in the central parts of Nydal (Knivsta Kommun, 2014a). 
 
Moreover, the municipality’s vision is that renewable energy resources, such as solar energy, 
are going to be utilized in Nydal. Some of the buildings are to be built as Passive Houses with 
a low energy demand. The buildings are going to be built with main focus on sustainablility 
and quality. Which leads to the given fact that renewable energy resources and low energy use 
means low green gas house emissions and a sustainable development (Knivsta Kommun, 
2014a). 
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3. Methodology and data 
!
In this chapter a retrospect of the course of actions is going to be made. To be able to 
understand what has been done, the chapter is divided into four parts. In Figure 2 a schematic 
representation of the working procedure is shown.  
 
Firstly, an estimation of the upcoming residential area was made since the city shape of Nydal 
is not yet decided. Based on a literature study of different type of buildings, the building 
shapes for apartments, schools, offices, kindergartens etc. were done. Furthermore, 
assumptions of the heat transfer coefficients of different building components were 
made.  The second part was to approximate the heat demand for Nydal. To be able to 
calculate this a heat demand model was developed in MATLAB. Besides making the 
assumptions of building shapes, solar and temperature data for the location and data for hot 
water use had to be collected.    
 
In order to investigate how to meet the heat demand and what heating system to use, two 
different systems were investigated: an individual heating system and a heat distribution 
system. A model for each system was developed and the latter of those systems includes 
further estimations of the length of the heating network and assumptions of the pipe sizes, 
which had to be made.  Finally, an analysis of the simulations where done and a discussion of 
the advantages and disadvantages for each system. A recommendation was also given, taken 
into consideration the vision and goal for Nydal.   
 

 
 
!
!
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!
!

3.1 The cityscape and buildings 
!
In order to approximate the heat demand in Nydal, an estimation of the cityscape has been 
done. Using the illustration plan (Appendix A) created by the municipality of Knivsta, Nydal 
has been divided into seven districts, A to G (Knivsta Kommun, 2014b). Depending on the 
location of the districts, different types of buildings were assumed to be built. The central 
districts are more densely populated, in which the larger of the three apartment buildings were 
located and in the district further away from the city centre, row houses and smaller apartment 
buildings were placed (Knivsta Kommun, 2014a). 
 
Estimations of the shape of the buildings have also been made. There are eight different types 
of buildings: school, office, gymnasium, travel centre, kindergarten, row house, small 
apartment building and large apartment building. The municipality of Knivsta has 
approximated the number of housings and the total gross floor area. Building envelope 
structures of all of the different kinds buildings have been defined in order to calculate the 
heat demand for the area (Knivsta Kommun, 2014b).  
 

3.2 Heat demand 
 
To calculate the heat demand in the residential building the overall heat transfer coefficients 
(U-values) for different building types are used. The U-values decide the heat losses through 
walls, roof, windows, doors and floors (Appendix B). The U-values depend on what material 
the building components are made of and a low U-value means lower heat losses 
(Energimyndigheten, 2013). To decide what U-values that are suitable, an assumption is made 
that half of the residential buildings are Passive Houses, since the municipality of Knivsta 
aims to have low energy use in Nydal. The U-values for Passive Houses have been taken from 
Ulla Janssons Doctoral Thesis Passive houses in Sweden (2010). The heat demand for the 
other half of the buildings is calculating using recommended U-values for buildings from the 
Swedish Energy Agency (Energimyndigheten, 2013). To be able to calculate the total heat 
demand, heat for hot water needs to be added. Data for hot water use in the residential 
buildings has been obtained from the Master Thesis Fjärrvärmeanslutna passivhus: 
Fallstudie av värmelaster och innetemperaturer i fyra flerbostadshus by Daniel Nilsson 
(2012).  

Figure 2. Schematic representation of the working procedure; showing the four parts the 
project has been divided into. A heat demand model was developed, based on a literature 
study and assumptions of Nydal’s city shape, to calculate the heat demand in the 
residential area. With data of the heat demand, two different models of the heating system 
were developed; one for an individual heating system and one for a heat distribution 
system. The models were used to compare the two different systems in order to give a 
recommendation of which system to use in Nydal. 
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To decide the heat demand for public buildings such as schools, gymnasiums, offices, 
kindergartens and the travel centre, data from Vattenfall Heat have been used. The data from 
Vattenfall Heat consists of both the heat demand for space heating and for water heating. 
Therefore, those values have been used directly and separate calculations have not been made 
for each type of building. The data is from the year of 2014 on an hourly basis.  
 

3.2.1 Heat demand model 
!
The program that has been used to simulate the heat demand for the residential buildings is a 
basic simulation model for the heat demand of a building. The program calculates the total 
heat demand for a specific building for every hour of the year. The equation used in the 
simulation to calculate the hourly heat demand is: 
 
!!"#$%! = !!"!#$ ∗ !!!"!#$ + !!"#$ ∗ !!" − !!"# − !!"#$ ∗ 0.5 ∗ !!"#$% − !!!"#$!!!!!!!!!!(1)

∗ !!"#"$% /1000!+!!!!"#$"%& 
 
!!"!#$ ∗ !!!"!#$ = !!!"#!"# ∗ !!"#$! + !!!""# ∗ !!""# + !!""# ∗ !!""#!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!(2) 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!+!!"##$ ∗ !!"##$ + !!"## ∗ !!"## 
!
!
!!"!#$= The overall heat transfer coefficient [W/m2K] 
!!"!#$= Area for the building envelope [m2] 
!!"#$= The heat losses from ventilation [W/K] 
!!"= Indoor temperature [K] 
!!"#= Outdoor temperature [K] 
!!"#$= Area of the windows [m2] 
!!"#$%= Solar factor [W/m2] 
!!"#$= Internal heat gains [W/m2] 
!!!"#$"%&= Hot water use that specific hour [W] 
 
The equation multiplies the building’s component areas such as walls, roof and doors with the 
corresponding U-value. For the total losses per Kelvin and hour the ventilation losses are 
added. By multiplying the difference between indoor and outdoor temperature that particular 
hour, the total amount of heat loss per square metre is calculated. The energy balance of a 
building does not only consist of losses. There are also internal heat gains: insolation through 
the windows, heat produced from humans and household appliances. Note that the building’s 
heat demand is the same as the heat losses minus the total internal heat gain. To get the yearly 
heat demand for the specific building this calculation was repeated for every hour over a year. 
The data that have been used in the model are statistics weather data over the hourly 
temperature and the insolation during a whole year, for the region Stockholm that is located 
48 kilometres south of Knivsta.  
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3.3 The heat supply 
!
To be able to compare the alternatives of having individual or a common heat supply  
system solution in Nydal configurations simulations have been done. Two different systems 
were investigated: one in which all the buildings are connected to each other through a main 
grid. Some of the heat is produced using solar panels integrated in the roofs and deliver the 
heat surplus to the heat grid. The rest of the heat is produced in a central CHP plant that is 
connected to the grid and placed in the outskirt of Nydal. The second configuration is the 
individual solution where the buildings need to have its own micro-CHP and the solar panels 
integrated in the roof are only used to heat the building they are connected to. 
 

3.3.1 Heat from solar panels 
!
The data that was used for calculating solar heating production was mean insolation per hour 
over a year in Uppsala. Solar panel heat production was calculated through a MATLAB script 
created by Joakim Widén, lecturer at Uppsala University, based on the book Solar 
Engineering of Thermal Processes (Beckman and Duffie, 2006). The program used hourly 
statistic weather data for Uppsala for a year and the parameters that were used are presented 
in Table 2. 
 

 

Albedo! Panel!Azmuth! Panel!tilt!
0.15! 0! 42°!

 
 
Albedo means the surface capability of reflection of the solar insolation. Panel Azmuth 
describes in which direction the solar panel is located and zero means that the panels are 
directed to the south.  The last parameter is the angle between the roof and the solar tilted 
panel and according to Uwe Zimmerman, Senior lecture at Uppsala University, 42 degrees is 
the most beneficial for the geographical location. The output from this program was amount 
of insolate solar energy per square meter; to earn the amount of heat produced from the panels 
an efficiency of 0.7 was multiplied with the extracted solar energy.  
 

3.3.2 Carrier pipe sizing and choice of flow velocity 
!
The district heating system consists of pipes with different sizes because of the different heat 
demand from the buildings in the residential area. The pipe diameter and flow velocity have 
been adjusted to fit the heat demand from the specific building that is connected to the heating 
pipe. The relation between the pipe diameter and flow velocity has been taken from District 
Heating and Cooling by Frederiksen and Werner (2013, pp. 456-461), which describes 

Table 2. Parameters used to calculate solar panel heat production. 
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recommended flow velocity as a function of pipe diameters based on a recommendation 
issued by the Swedish District Heating Association. District heating pipes are manufactured 
in accordance with standardized dimensions (Frederiksen and Werner, 2013, p. 320) and these 
have been use to decide the pipe diameter and flow velocity. The heat that can be transferred 
with a certain pipe diameter with corresponding flow velocity have been calculated with 
following formula: 
 

! = ! ∗ !! ∗ ∆! = ! !
2

!
∗ ! ∗ ! ∗ !! ∗ ∆!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!(3) 

 
 
! = Heat energy [J/s] 
! =!The mass flow rate [kg/s] 
!! =  Specific heat capacity for water [J/Kg K]  
∆! = Difference in temperature [K]    
! =!Pipe inner diameter [m] 
! = Water velocity [m/s] 
! = Density of water [kg/m3] 
 
In order to find which pipe dimension to use, the heat demand from a building or area has 
been compared to the heat energy that can be distributed with the tested pipe diameters and 
corresponding flow velocity. Tests have been done to find pipe dimensions for both pipes that 
are in direct connection to the buildings and for the main pipes, to which the smaller pipes are 
connected.  
 

3.3.3 The common solution 
!
The district-heating network structure has been approximated based on illustration plans 
created by the municipality of Knivsta and the results from the developed model for heating 
demand. The heating pipes have primarily been placed below Nydal’s street grid (Figure 1). 
The pipe grid system consists of pipes with four different dimensions. The choice of using 
four pipe dimensions was made from comparing what dimensions that need to be used with 
what simplifications that need to be done when creating the heating network. To decide the 
length of each pipe type, a map of the pipe grid system was drawn from which the pipe 
lengths were measured.    
 
Furthermore, the district heating network and heat losses were simulated and calculated with 
an excel model based on heat loss equations from Frederiksen and Werner (2013). The model 
calculates hourly heat losses by using hourly ground temperatures for a year, and for a pipe 
grid system with four different culvert dimensions. Pipe lengths were extracted from the map 
of the pipe grid system and the pipe diameters were chosen based on the calculated heat 
demands of the different building types. The ground temperature values were obtained from 
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Hans Bergström, PhD at Department of Earth Sciences at Uppsala University. The insulation, 
thickness and materials were obtained from Frederiksen and Werner (2013, p. 320).   
!
For the common district heating system solution in Nydal the heat losses in the pipe grid was 
added to the total heat demand. Then, to decide how much heat capacity in that is needed 
from the CHP plant in Nydal, a simulation of energy utilized from the solar panels was made. 
The intension was to produce enough heat from the panels to meet Nydal’s heat demand 
during summer. In order to do so, an assumption was made that the surplus heat from the 
solar panels can be stored in tanks and used during the night. The storage tanks assumed to be 
placed inside the buildings and thus the heat losses could be neglected. To calculate the roof 
area needed to be covered with solar panels to provide Nydal during summer, the amount of 
heat extracted from the solar panels was compared to the heat demand. The area of solar panel 
was adjusted to make solar heating cover the summer demand for heat. 
 
The heat from the solar panels was thereafter subtracted from the total demand. The size and 
numbers of needed CHP containers were estimated from the heat demand during the non-
summer month. Finally, the total installed CHP capacity needed was compared with the 
corresponding capacity need for the individual heat solution. Furthermore, the estimated 
installed CHP capacity for both the common and the individual cases was dimensioned in 
order to cover the evaluated monthly average heat demand. The intension was not to cover the 
heat demand peaks since this would imply that several CHP units would be installed and used 
for only a few hours each year. Instead, it was assumed that the installed CHP would be 
complemented by, either a possibility to store heat, or some peak heat demand production 
unit, to cover the heat demand during peak hours. How to cover the peak heat demand is left 
for further investigations.  
 

3.3.4 The individual solution 
!
The individual solution is based on the same assumptions as the common solution except no 
pipe grid has been used. This means that the surplus heat from solar panels goes to waste and 
the buildings have to produce heat to cover its own demand.  
!
In order to decide what size of CHP plant each building should install, the heat from the solar 
panels from the building’s roof were subtracted from the building’s heat demand. Having 
established that, the size and number of the CHP plants were decided for each building type 
apartments, school, travel centre etc. by studying and analysing the heat demand. As the 
common solution, the estimated installed CHP for the individual solution was determined in 
order to cover the evaluated monthly average heat demand.  
 
The amount of the necessarily installed heat capacity in each building type was multiplied 
with the estimated number of that building type in Nydal. Finally, the same procedure was 
done for all different types of buildings and then added to get the total installed heat capacity 
for the individual solution.  
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4. Results and discussion  
 
In this section result of the heat demand and supply calculations are presented. A brief 
discussion is made continuously throughout the section. The heat demand calculations are 
presented in sections 4.1 to 4.3. The heat supply calculation results are presented in section 
4.4.  
 

4.1 Results for cityscape and buildings  
!
Table 3 shows the amount of buildings that each district consists of according to the 
calculations and estimations.  

! 
Table 4 shows the sizes, window area, number of windows, door area, number of doors, 
number of floors and number of people living in each residential building. The values have 
been used in the calculations for the heat demand. 

District! A! B! C! D! E! F! G! Total!!
Row!house! 0! 0! 0! 3! 2! 8! 1! 13!
Small!apartment!
building!

29! 14! 18! 49! 17! 35! 22! 184!

Small!apartment!
building!with!office!

0! 8! 0! 0! 0! 0! 0! 8!

Large!apartment!
building!!

1! 0! 0! 0! 0! 0! 0! 1!

Large!apartment!
building!with!office!

0! 2! 0! 0! 0! 0! 0! 2!

Gymnasium! 0! 0! 0! 1! 1! 0! 0! 2!
Kindergarten! 0! 2! 1! 4! 2! 4! 2! 15!
School! 0! 0! 0! 1! 1! 1! 0! 3!
Travel!centre! 1! 0! 0! 0! 0! 0! 0! 1!
Office!building! 0! 6! 0! 0! 0! 0! 0! 6!
! ! ! ! ! ! ! ! !
Total!residences! 674! 440! 288! 799! 282! 600! 402! 3485!

Table 3.  The seven districts and the number of buildings in each district. 
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!
Table 5 shows the length and width of public buildings that have been used in calculating the 
proportion of the roof area that need to be covered with solar panels. !

!
!! !

!
!

Row!house! Small!apartment!
building!

Large!apartment!
building!

Length![m]! 30.0! 10.0! 15.0!
Width![m]! 12.0! 33.5! 40.0!

Height![m]! 5.4! 10.8! 18.9!
Window!area![m2]! 1.5! 1.5! 1.5!

Number!of!
windows!

44.0! 88.0! 134.0!

Door!area![m2]! 2.2! 2.2! 2.2!

Number!of!doors! 15.0! 10.0! 88.0!

Number!of!floors! 2.0! 4.0! 7.0!

Number!of!
apartments!

5.0! 16.0! 70.0!

Number!of!people! 12.5! 40.0! 87.5!

! ! Gymnasium! Kindergarten! School! Travel!centre! Office!
Length![m]! 50.0! 33.0! 50.0! 42.0! 50.0!
Width![m]! 20.0! 16.0! 20.0! 42.0! 20.0!

Table 4. Assumptions for the residential buildings. 

Table 5. Assumptions for the public buildings.  
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4.2 Results for the heat demand 
! 
The heat demand for the residential buildings has been calculated and in Figure 3 the heat 
demand for one week in February is shown. This week is presented because the outdoor 
temperature is quite steady and the heat demand variation is more clearly shown during the 
winter. As illustrated in the graph the non-Passive Houses have a higher heat demand, which 
is because of higher U-values. This implies that Passive Houses have a lower heat demand all 
the time. The Passive Houses are therefore desirable to build in order to accomplish a lower 
heat demand. Whether the residential buildings are going to be Passive Houses has to be 
decided by the construction company for each block, and the municipality of Knivsta cannot 
therefore decide what type of buildings that are going to be built in Nydal. In the calculations 
50 per cent of the buildings are Passive Houses and the rest are non-Passive Houses, which is 
feasible because of the aim that Nydal is going to be a sustainable society. If however more 
residential buildings are built as Passive Houses a lower heat demand is possible.  
 

 

 
The difference in heat demand depends on the different sizes of the different building types; 
the large apartments have a high heat demand while the row houses have a smaller demand. 
The large apartment building consist of 70 apartments, the small apartment building consist of 
16 apartments and the row house of five apartments. The difference in heat demand is clear 
and depends on how many apartments the different types have. There are more people living 
in the large apartments and therefore the peaks and continuous demand are higher. The heat 
demand is high in the mornings and in the late afternoon because the residents are generally at 
home and are showering and doing the dishes to a larger extent. In contrast, during the night 
the heat demand is low due to the fact that most people are asleep. The short term variations 

Figure 3.  The heat demand for the residential buildings one week in February.  
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in heat demand is foremost depending on variation in hot water use but the outdoor 
temperatures may also vary on a short term which also contributes to heat demand variations.  
During the summer, for example one week in July as shown in Figure 4, the heat demand 
primarily depends on hot water use. The graph shows the heat demand for the large apartment 
building. Only a small amount, if any, heat is needed to warm up the buildings, because of 
high outdoor temperatures. Therefore the difference between Passive House and non-Passive 
House is small. The difference occurs during the night when outside temperature is lower and 
more heat is needed.  
 
 

 

To decide the heat demand in the public buildings no U-values have been used, instead data 
from Vattenfall Heat have been used which include both heat use and hot water use for 
buildings in Uppsala. As seen in Figure 5, the travel centre and schools have the largest heat 
demand. The heat demand for the school and kindergarten is smaller during the weekend, 
probably because of lower human activity and therefore smaller hot water demand. The 
Gymnasium’s heat demand curve has a more periodic behaviour because it is a building that 
is used every day during the week. The travel centre’s heat demand curve has the most 
irregular behaviour, which depend on that people do not always choose to travel on the same 
day. A small maximum can be seen during Friday evening, which is likely because it is a time 
when a lot of people travel.   !
!

Figure 4. The heat demand for the large apartment buildings one week in July. 
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District A  

District A  District B  

!

In all seven graphs shown in Figure 6 the same behaviour can be seen; in the wintertime the 
heat demand in the district increases and in the summertime it decreases. During the summer 
the heat demand mainly consist of heat for hot water use, because of a high outdoor 
temperature there is no need for heating. The large fluctuations in each graph depend on the 
difference between the days and the nights. The heat demand drop in the beginning of the 
year depends on higher temperatures in the weather data during this period compared to the 
adjacent months. !

  

    
  

Figure 5. The graph shows the heat demand one week in February for the public buildings. 

kW! kW!
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District D  District C  

District E  District F  

District G  

Figure 6. The heat demand for the district A-G for every hour during a year.  

     
 
 

      
    

 
 
 
 
 
 
 
 

   
 
 
First deviant behaviour can be observed in district A where the heat demand has a peak during 
July. One of the most obvious things that differ district A from the rest of the districts is that it 
contains the travel centre; there could be an elevated activity during the vacation. In contrast, 
district B has a very small heat demand during the summer. This district contains all Nydal’s 
office buildings, which have a small heat demand during the summer when people are on 
vacation. Furthermore, a thing worth to note is that district C has a lot smaller demand 
depending on that there are no schools or offices in the area; the district only consists of small 
apartment buildings and one kindergarten and this leads to a lower demand.  
 
Moreover, The total heat demand for Nydal is shown in the Figure 7. The seven districts have 
been summarized and are shown in the same graph. The highest peak is in the beginning of 

kW! kW!

kW!

kW!

kW!
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the year and is about 7600 kW while the lowest heat demand is in the summer with about 300 
kW.  !
!

!

 

4.3 Results for Nydal’s district heating network 
!
Nydal’s district heating system needs to be able to distribute heat when the demand is largest. 
Figure 7 shows that the heat demand peaks during the winter and the pipe grid system has 
been designed regarding the maximum heat demand for the buildings and districts (Table 6).  
 
 Table 6. Maximum heat demand for each building type and districts in Nydal. 
 
! Maximum!heat!demand!(kW)!
Row!house! 10.0!
Small!apartment!building! 17.8!
Large!apartment!building! 51.7!
Gymnasium! 93.0!
Kindergarten! 72.0!
School! 358.0!
Travel!centre! 375.0!
District!A! 873.9!
District!B! 2951.3!
District!C! 335.6!
District!D! 1389.5!

Figure 7. Graph of the total heat demand for Nydal every hour in a year.  
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District!E! 761.7!
District!F! 1163.4!
District!G! 533.2!
Nydal!! 7643.7!

 
The maximum heat that can be transferred with different dimensions of standardized carrier 
pipes, which was calculated with equation (3) and are presented in Table 7. 
 
Table 7.  The relations between carrier pipe diameter, water velocity and maximum heat that 
can be transferred.  
 

Pipe!diameter!(mm)! Water!velocity!(m/s)! Maximum!heat!transfer!(kW)!
24.3! 0.8! 53.8!
31.5! 0.9! 101.8!
39.2! 0.9! 157.5!
45.1! 1.0! 231.9!
57.1! 1.1! 408.9!
72.9! 1.2! 727.1!
85.7! 1.3! 1088.7!

110.7! 1.7! 2375.4!
136.1! 1.8! 3801.7!
164.3! 2.0! 6155.9!
214.6! 2.4! 12602.0!

 
Due to the limitation of building a pipe grid system consisting of only four different pipes, the 
carrier pipes used are a bit bigger than necessary. On the other hand, it is likely to build a pipe 
grid that can manage to distribute heat to a possible increased future heat demand. Figure 8 
shows Nydal’s pipe grip system with the chosen pipe diameters that are: 24.3 mm, 57.1 mm, 
136.1 mm and 214.6 mm. The biggest pipe from the CHP plant must be able to supply the 
total heat demand in Nydal. From this pipe, several branch pipes supply one or two districts 
each. The second and the third smallest pipe diameters can supply heat to a block of buildings 
or a public building with a large heat demand such as school or a travel centre. The smallest 
pipes with the smallest diameter links remaining public building and all residential buildings 
with the district heating network.    
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Figure 8. Map of Nydal’s district heating network; A CHP plant is connected with a large 
carrier pipe that branches into smaller pipes distributing each district. The smallest carrier 
pipe connecting each building with the grid is not plotted. 

Ø 214.6 mm 
Ø 136.1 mm 
Ø 57.1 mm 
!

CHP plant 
!
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The calculate heat losses in the district heating network is shown in Figure 9. The curve 
mainly follows the heat demand through the year, which is reasonable. The losses decrease 
during summertime because of the warmer ground temperature. The hourly total heat losses in 
the system vary between 200 to 300 kW, which compared with the total heat demand in 
Nydal is between 4 to 10 per cent during wintertime. Even if the total heat losses decreases, 
the losses will be a much larger proportion during the summertime since the instantaneous 
heat demand during this time is only about 1000 kW which results in heat losses of about 20 
per cent. The heat losses in pipe grid is thus alternating between 4 to 20 per cent which is 
quite small compared to existing pipe grid systems but likely for a modern system. The peak 
losses of 295 kW occur in May and this is because of low ground temperature during this 
time. Moreover, the yearly heat demand and heat losses for Nydal is 19.4 GWh and 2.2 GWh. 
Consequently, the CHP plant needs to produce 21.6 GWh annually, of which 10.2 per cent is 
heat losses in the pipe grid system.  
!

!
 
Figure 9. The total heat losses in Nydal’s district heating network. 
!

4.4 Results for the heat supply 
 
Both the common solution and the individual solution have been simulated and these sections 
discuss and show the result with and without the common pipe grid.  
" !
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4.4.1 Heat supply solution for common network 
!
Figure 10 shows how the heat demand, inclusive distribution losses, increase during 
wintertime and decrease during summertime, whilst the heat production from the solar panels 
has the opposite behaviour.  
 

 
 

 
This implies that a storage tank is needed during the summer where the heat from the solar 
panels during night time is below the demand; as a result the daily production from the solar 
cells need to be significant larger than the demand (Figure 11). If a storage tank is possible to 
install it will be conceivable to provide the buildings in a common solution with heat during 
the summer by covering 6.5 per cent of the roof area with solar panels. 
 
 
 

Figure 10. Nydal’s heat demand and heat production from solar panels for every hour over 
a year. 
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The integrated area beneath the heat production is larger than under the heat demand. This 
indicates that it is possible to cover the entire heat demand in Nydal during summer times 
with the heat produced from the solar panels integrated on 6.5 per cent of the roof area, which 
is seen in Table 8. 

!
!

Heat!demand![kWh]! Solar!panel![kWh]!

May!(17!days)! 327!000! 355!000!
Jun! 759!000! 805!000!
Jul! 679!000! 767!000!
Aug! 673!000! 692!000!

 
After the heat demand has been reduced with the heat produced from the solar cells, the 
remaining heat demand need to be covered with heat production from the CHP plant (Figure 
12).  
 

Table 8. The total heat demand and the produced heat from solar cells for the summer months. 
Notice that May is not a complete month, just the last 17 days. 

Figure 11. Nydal’s heat demand and heat production from solar panels for the first week in 
July 
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To cover the demand for the whole year Nydal needs a total of four CHP plants but there is no 
need to have all activated during the whole year. Table 9 shows the number of CHP plants 
containers that is needed depending on which month it is. Note that the numbers for June, July 
and August are not represented since there is no need for heat from CHP during that time. 
 
 

! Jan! Feb! Mar! Apr! May! Sep! Oct! Nov! Dec!

Hours! 744! 672! 744! 720! 336! 720! 743! 720! 744!

CHP!
(1080!kW)!

4! 4! 3! 2! 2! 1! 2! 3! 4!

Power!
[kW]!

4!320! 4!320! 3!240! 2!160! 2!160! 1!080! 2!160! 3!240! 4!320!

 
This means that the total amount of installed CHP (thermal) power is four containers with a 
total of 4320 kW. Table 10 shows the heat needed for each month and the heat produced from 
the CHP power plant. 
 
 
 
 
 
 

Figure 12. The heat left to produce from CHP plants for every hour during a year to be 
able to cover Nydals heat demand and the electricity production that CHP plant produces 
at the same time.  

Table 9. Shows how many power plants that are needed to cover the heat demand. 
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Table 10. Representation of the heat demand and produced heat during each month. 

 
 
 

 
The result shows a surplus of 2179 MWh during a year or more precisely an average heat loss 
of 248.7 kW per hour for the entire system. This results at the same time in an electricity 
production of 5977 MWh from the CHP plants. Note that during January the heat production 
is not enough; a solution to this would be that during those months have a back up heat 
source, integrate more solar panels or to install one more CHP plant. 
 

4.4.2. Heat supply for the individual solution 
 
For the individual solution each building is in need of its own micro-CHP and the roof is 
covered with 6.5 per cent of solar panels. The different types of buildings require different 
amount of heat and Table 11 shows how much continuous and intermittent heat they need 
after the supply of heat from the solar panels.  
  

! Heat!demand![MWh]! Heat!produced!in!CHP![MWh]!
Jan! 3!303! 3!210!!
Feb! 2!444! 2!899!!
Mar! 2!007! 2!407!!
Apr! 1!280! 1!553!!
May! 443! 741!!
Sept! 598! 777!!
Oct! 1!313! 1!603!!
Nov!! 2!078! 2!330!!
Dec! 3!089! 3!214!!
! ! !
Total! 16!555!! 18!734!
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Table 11. The amount of continuous power the different buildings are in need of and how 
much power they demand intermittent. 

 
 
  
! Average!

demand![kW]!
Peak!demand![kW]! Summer!cover!

Row!house! 5! 10! yes!
Small!apartment!
building!

12! 18! yes!

Small!apartment!
building!with!office!

80! 110! no!

Large!apartment!
building!

30! 45! yes!

Large!apartment!
building!with!office!

125! 175! no!

School!or!office! 150! 350! yes!
Kindergarten! 30! 70! yes!
Travel!centre! 200! 375! no!
Gymnasium! 50! 90! yes!
 
For example, a row house is in need of 4 per cent of the heat that a large apartment building 
with office on the ground floor demands. One interesting thing is that the travel centre, large 
and small apartment building with office cannot cover their entire heat demand during 
summer with only solar panels integrated with 6.5 per cent on the roof. This implies that those 
buildings are in need of CHP the whole year round. Note that the buildings with an integrated 
office in the ground floor have a much higher demand since those numbers are based on 
Vattenfall’s numbers from a real office, which is probably not built by the same standards as 
the simulated Passive Houses. As an illustration, Figure 12 shows the heat produced from 
solar panels on a travel centre.  
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The peak in the middle of July is probably because this is a popular holiday month with a lot 
of travellers. To make it extra visual that solar production is not enough to cover its heat 
demand for e.g. the travel centre, during summertime, Figure 13 shows the first week in July. 
It is clear that the heat demand curve is a lot higher than the heat production from the solar 
cells and that there is an intense activity on the travel centre during the weekend.  
 
 

 

 
Moreover, Table 12 shows which CHP plant capacity must be installed in each building based 
on their demands (Table 11) to obtain the total amount of installed CHP that is needed in 
Nydal. 

Figure 12. The travel centre’s heat demand and heat production from solar panels for every 
hour over a year. 

Figure 13. The heat demand and heat production from solar panels for the travel centre the 
first week of July with 6.5 per cent of the roof area covered. 
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Building!type! CHP!plant!heat!

capacity![kW]!
Number!of!
buildings!

Total!amount!of!
installed!CHP![kW]!!

Row! 15! 23! 345!
Small! 15! 184! 2760!
Small/office! 190! 8! 1520!
Large! 2*15! 1! 30!
Large/office! 190! 2! 380!
School/office! 190! 9! 1710!
Kindergarten! 2*15! 2! 60!
Travel!centre! 480! 1! 480!
Gymnasium! 3*15! 2! 90!
! ! ! !
Nydal! ! ! 7375!

 
 
The total installed CHP is 7375 kW heat and 2458 kWe electricity. Many of the buildings use 
a larger CHP plant than they actually need to be able to cover the most of its demand peeks. 
Note that not all the extreme peaks is covered; it is just the main fluctuations. This implies 
that perhaps some of the surplus heat needs to be stored in storage tanks to be totally covered. 
  

Table 12. The total installed heat power depending on how many hours of needed heat and 
numbers of CHP plant needed. 
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5. Sensitivity analysis  
!
A number of models and several parameters have been used in this report. Following sections 
show the key parameters in the model and illustrate the sensitivity of these.  
!

5.1 U-values and building size 
 
Windows and doors have considerably higher U-value than other building element such as 
wall, floor and roof. Consequently, a change to windows and doors with lower U-values such 
as those used in Passive Houses will lower the building’s heat demand significantly. 
Moreover, the house size is not the main factor that affects the heat demand since the U-
values for wall, floor and roof are comparatively small to those for windows and doors. 
Hence, an increasing number of windows affect the building’s heat demand more than just a 
bigger area. However, the total window area is likely to increase with a bigger house size. For 
example, the heat demand for a large apartment building built as a Passive House and when 
increasing the U-values with 40 per cent which results in a 22 per cent increase on the 
building’s heat demand. 
!

5.2 Heating pipe dimension and length of the pipe grid system  
 
As illustrated in Table 7 the heating pipe diameter is of great importance for the limit of 
maximum heat that can be transferred. The carrier pipe diameter parameter equals the losses 
in the pipe grid system and it is therefore important to use a pipe that is not oversized. 
Conversely, an increased insulation results in decreased losses. This connection is shown in 
Figure 14, and also that increased losses due to larger carrier pipe diameter can be avoided by 
using an insulation that corresponds to the carrier pipe diameter. The original system has 
carrier pipe diameter 13.6 mm and with insulation 22.5 mm. Red curve shows losses when 
increasing only the carrier pipe diameter to 20.0 mm and green curve shows losses when 
increasing both carrier pipe diameter to 20.0 and with insulation 40.0 mm. 
!
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!
 
Figure 14. Heat losses during a year for three different pipe grid systems. Length of the pipes 
is the same for each system but they differ in pipe diameter. 
!
Furthermore, the losses in the pipe grid system equals to the total length of the pipes (Figure 
15). It is therefore important to optimize the pipe grid system and minimize the total length of 
the pipes. The ground temperature also affects the heat losses but this parameter cannot be 
controlled. 
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!

!

!

5.3 Sensitive parameters for the heat supply 
!
In the heat production from the solar cells the most sensitive parameters are the position of the 
solar cells and the amount integrated on the roof. Figure 16 shows the total heat demand and 
the heat production when 10 per cent of the roof area is covered. This change gives a larger 
surplus during the summer but is not close to cover the heat demand during December and 
January thus the same need of installed CHP power. Even if the solar cells were covering 45 
per cent of the roof area it would still not cover the district demand during the wintertime. 
 
 

Figure 15. The heat losses during a year for two pipe grid systems each consisting of four 
culverts. Red curve shows a pipe grid in which each culvert has a length of one kilometer 
and blue curve shows a pipe grid in which each culvert has a length of two kilometers.  
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Moreover if the individual solution integrates 45 per cent of the roof area with solar panels the 
smallest buildings i.e. the row house will be to be able to cover the demand in January with 
help from storage tank. With this covered area it is also possible to cover the largest building 
i.e. travel centre during summer time, which is shown in Figure 17. 
 

!

!!
But it will still not be enough to cover the travel centre’s heat demand during wintertime. This 
implies that the solar panels are a more sensitive parameter in the individual system than in 
the common system.  

! !

Figure 16. The heat demand for Nydal and the heat production from solar panels covering 
10 per cent of the total roof area  

Figure 17. The heat demand and heat production from solar panels the first week of July 
for the travel centre with 45 per cent of the roof area covered. 
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6. Summarizing discussion 
!
This chapter is a summarizing and ending discussion of the results that has been achieved in 
this bachelor thesis. Chapter 6 also includes credibility and inadequacies of the study.  
  

6.1 Discussion  
 
When comparing the effect that needs to be installed in the common system with the total 
effect that needs to be installed in every building if having an individual system, a difference 
is clearly seen. The total installed effect in the individual system is 7375 kW, which is almost 
70 per cent more than the installed effect as for the common solution, that is 4320 kW. This 
depends on among other things that several building has to install a larger capacity than they 
actually need because of the gap between the capacity of the existing CHP plant and the 
building’s heat demand. The row house, for example, needs to install the smallest CHP plant 
of 15 kW but has only a heat demand of 10 kW peak demand and 5 kW average demand 
(Table 11). In other words, even the smallest CHP plant is over dimensioned for building with 
this low heat demand. To avoid that heat will be wasted, a CHP with smaller capacity must be 
used or the CHP plant must be connected to at least two buildings.  
 
Another instrumental factor is that every building need to cover it owns intermittent heat 
demand peaks, which leads to that they need to install a larger CHP plant than they actually is 
in need of in continuous power. The consequence of installing a larger CHP results in an over 
dimensioned heat production similar to the row houses but affect all buildings with large heat 
demand peaks. In a common system it is also possible to share the heat surplus from buildings 
that produces more heat than they can use with the rest of the system. For example, surplus 
heat from solar panels on a residential building may contribute additional heat to a school so 
that a CHP plant does not need to produce the missing heat. There is also easier not waste 
heat from CHP plant since the only CHP plant installed, consisting of four large containers, 
will not be over dimensioned because of the choice of running one to four containers at the 
same time. Consequently, less heat will be wasted and less power capacity from CHP must be 
installed.  
 
Moreover, having a micro-CHP in each building will need a lot of maintenance and work. A 
common CHP plant will be easier to maintain but it needs to be done frequently since an error 
can lead to a stop for Nydal’s entire heat production. In other word, a common heat solution is 
more vulnerable to errors but will be easier to avoid since the production plant only consists 
of four CHP containers.   
 
From an environmental sustainability perspective, the choice of using district heating instead 
of an individual system is more beneficial due to the reduced waste of heat. Moreover it is 
possible to cover a larger roof area than 6.5 per cent on the larger building with solar panels. 
These additional amounts of solar panels can be used to produce electricity, which can be 
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used in Nydal or exported to the Swedish electricity grid. Moreover, the produced electricity 
from CHP plant will also contribute in making Nydal more energy self-sufficient.  
 
The construction and building material used in the different houses in Nydal are essential for 
creating a residential area that is environmentally sustainable. The building’s heat demand is 
in proportion to the U-values of the different building elements and it is therefore of great 
importance to build houses with low U-values to enable Nydal to become energy efficient. It 
is likely that the municipality of Knivsta will order the construction companies to build the 
public houses as Passive Houses or low-energy-houses. Despite that, if the whole residential 
area is going to become environmentally sustainable it is necessary to build the residential 
buildings as low-energy-houses as well. However, it is up to the contractors who own the 
building to decide what kind of construction and material should be used in a particular 
building. It is likely that these houses will not be built as Passive Houses because of economic 
interests. A solution could be to design a district heating system with a low output so that 
every building that is connected to the system must have a low heat demand to be able to be 
heated up by the system. In this way, the municipality of Knivsta could affect the contractor 
implicitly to order low-energy-houses from the construction companies. Alternatively, other 
heating sources could be used such as geothermal heating which itself is a very 
environmentally sustainable heat source.    
 
To sum up, both the district heating solution and the individual solution are beneficial from a 
perspective of sustainability. The combination of using solar panel and CHP is a good option 
because of the possibility of using only renewable heat sources. On the other hand, these two 
different solutions will both have problem to cover the highest peak heat demand. During 
these periods there must be ways to distribute extra heat. Alternatively, other heat sources 
than CHP plant can be used. An option for efficient heating but not using a heat system with 
CHP would be to use heat pumps.   
!

6.2 Credibility of the study  
!
The study is based on a number of assumptions and the result would have been more accurate 
if data for the sizes of the different building types had been available. Moreover, in order to 
decide the heat demand for the public buildings data for space heating and hot water use have 
been used, due to lack in data for only water use for those types of buildings. No calculations 
for the public building envelope and U-values have therefore been done to determine the heat 
demand for space heating. If such calculations had been done, values for the heat demand 
could have been more accurate. The exact sizes for the public buildings are unknown and 
therefore the sizes can differ from those that were planned to use. Hence, the heat demand can 
differ from the heat demand that could have been calculated if the correct area had been used 
for every type of building.  
 
The U-values that were used for the residential buildings for both Passive House and non-
Passive House could have been chosen differently, maybe higher U-values for non-Passive 
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Houses had been more correctly. Those buildings have a very low heat demand, almost as low 
as Passive Houses. Higher values could have been used to make it more realistic. On the other 
hand, Nydal is going to be a district with low-energy buildings and therefore the chosen U-
values can be feasible.  
 
Moreover, only four different pipe sizes have been used in the pipe system and therefore the 
model is not completely feasible. In reality a larger number of different sizes are normally 
used in district heating systems but an approximation had been done in order to simplify the 
calculations. Further, a more precise calculation of the thermal heating could have been done, 
because the efficiency of the solar panels varies depending on season. This could have been 
done in a thermal heating solution software instead of using solar insolation data. This would 
probably lead to a lower production during wintertime.  
 
In addition, the individual solution could be developed and studied more in detail in order to 
decide how to supply the district with individual solutions for every type of building. A 
profile for every type of building could have been calculated in order to decide the total 
amount of produced heat in Nydal if an individual solution is used. The calculations are only 
done in order to cover the peak load but no calculations for the total heat demand are done, 
that can be an interesting aspect to study further. Finally, different energy resources in 
combination are interesting and could have been investigated to get a more accurate result.  
 
!
! !
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7. Conclusion 
 
The approximate level of heat demand in Nydal is fluctuating depending on what season it is. 
There is a peak in the heat demand, of about 7600 kW, in the middle of January. During the 
rest of the winter months the heat demand is fluctuating at around 4000 kW. The heat demand 
decreases during April and May and the summer months have the lowest demand around 300 
kW before it increases again in the middle of September. To summarise, the yearly total heat 
demand for Nydal with a common heat grid is 21.6 GWh and 19.4 GWh without the heat 
network losses.  
 
Furthermore, an advantage with a common solution is that lower maintenance is needed 
because of the few number of CHP installed. Also, the system allocates the produced heat 
from where it is produced to where it is needed. For this reason a common solution has more 
even demand curve which make it possible to install a lower total CHP. The downside is that 
the time of the year the peak of demand is the highest there is a need for some kind of heat 
storage or backup source. 
 
In contrast to the heat network, the buildings in the individual solution needs to integrate an 
own CHP; this entail that there will be no transportation losses. Besides, it implies that every 
building is in need of a smaller size of CHP that does exist which leads to an over 
dimensioned total installed CHP-plant. Another downside for the individual solution is that 
the largest buildings in Nydal are not capable to provide them with only solar panels during 
the summer. The solution to this could be to integrate more solar cells on the specific building 
or use to CHP all year round. 
 
To conclude, in order to satisfy the sustainability aspect a common solution for the heat 
solution in Nydal is to prefer. Even due to the distribution losses a smaller amount of installed 
power is needed compared to an individual solution. 

! !
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Appendix B 
!
URvalues![W/m2K]! Passive!House!! nonRPassive!House!
Wall! 0.11! 0.18!
Window! 0.85! 1.30!
Door! 1.00! 1.30!
Roof! 0.08! 0.13!
Floor! 0.11! 0.13!
!


