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Abstract

Climate impact and cost savings of implementing
fossil-free heating and PV-system

Astrid Haukka, Linda Larsson and Katarina Widing

Uppsala municipality has in their climate vision stated that all oil 
based heating should be phased out prior to the year of 2020, with the 
objective to reduce the use fossil fuel and make a way for renewable 
energy sources. Uppsala municipality has also the ambition to have 100 
MW installed solar energy by 2030. This project is a case study on the 
climate goals stated above, performed at Knutbyskolan. Knutbyskolan 
made a replacement of boilers in their heating system. The purpose of 
this study is to evaluate this in terms of fuel costs and emissions of 
CO2-equivalents. The potential of installing a PV-system is also 
investigated.
 
The result regarding the evaluation of the boiler replacement 
indicates a positive outcome, where costs and especially emissions of 
CO2-equivalents have been significantly reduced. Annually, the cost 
and emission reduction is estimated to be 13% and 55%. The result is 
based on a normal year correction by using degree days to make the 
fuel consumption statistical comparative.
 
The investigation of the potential in different PV-solutions was 
simulated in MATLAB and evaluated in terms of self-consumption and 
self-sufficiency. Two different sizes are tested with different tilts. 
The first case is a system of 40 m2, which covers 12.5% of the yearly 
electrical consumption. This resulted in a self-consumption of  99% 
and a self-sufficiency of 13%. In the second case the system is 350 m2 
in order to maximize the electricity production.This resulted in a 
self-consumption of 44-46% and a self-sufficiency of 50%.
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Terminology  

Azimuth  

The azimuth is the angle between a building’s orientation in relation to south. An 

orientation directly to south yields 0°, to west 90° and to east -90°. 

CO2- equivalents 

A measurement used to compare the emissions from different kinds of greenhouse 

gases. The emissions are recalculated to how much the gas would affect the global 

warming if it was carbon dioxide. 

Culvert system 

A large pipe system, which in this project transports the heat in the building.   

Degree day adjustment  

A method which enable a comparison of the fuel consumption for different years. Since 

the outdoor temperature has a substantial influence on the fuel consumption, the 

quantity of used fuel is standardized into a normal year by using degree days. The fuel 

consumption during a normal year is statistical comparative. 

Degree days (DD) 

The unit for degree day adjustment [°C × days]. 

Efficiency 

The efficiency describes how much of the fuel that transforms into heat when used in 

the boiler. 

Normal year  

A statistically calculated year by using the mean value of degree days for a number of 

years. Is used as a fixed point when comparing the fuel consumption for different years.  

Photovoltaic modules (PV-modules) 

In PV-modules the sun radiation is converted into electricity by using solar cells with 

the ability to produce a current from photonic radiation. One module is in this report 1 

m2.  

Photovoltaic system (PV-system) 

In this report, several PV-modules connected is referred to as PV-system. 

Self-consumption 

A term that corresponds to how much of the self-produced PV-electricity that is being 

utilized in the building.  
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Self-sufficiency 

A term that corresponds to the part of the PV-produced energy, which covers the total 

energy demand for the building. 
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1. INTRODUCTION 

In 2015, the real estate sector accounted for approximately 30% of the total amount of 

greenhouse gases in Sweden (Naturvårdsverket a, 2016). Because of this, reducing the 

energy usage in offices, business premises and public buildings is a significant part of 

the work towards a sustainable society. A general trend in recent years is that the 

emissions from buildings have been distinctly reduced, which primarily depends on a 

decreasing use of oil in the heating systems. Gradually, the oil utilization has been 

replaced by fossil free energy sources (Naturvårdsverket b, 2017). 

In Uppsala municipality it has been decided that by 2020 the emissions per capita 

should be reduced by at least 50% in comparison to the amount of emissions in 1990. 

One measure to reach this objective is to replace all oil based heating systems in public 

buildings and local businesses in Uppsala. Instead, systems that are using a more 

environmental friendly fuel will be installed (Klimatprotokollet a, 2015). Additionally, 

Uppsala Municipality intends to have 30 MW of installed solar power by 2020 

(Klimatprotokollet b, 2015).   

One significant actor within the real estate sector in Uppsala is Skolfastigheter. 

Skolfastigheter is a municipality owned housing company, which owns and operates the 

majority of the school buildings in Uppsala (Skolfastigheter, 2016). Skolfastigheter 

must strictly follow the municipality’s environmental legislation and they share the 

vision to work towards fulfilling the environmental goals on both a local and national 

level. One of the school buildings that Skolfastigheter owns is Knutbyskolan, in which 

they during 2016 made several measures to reduce the environmental impact. The major 

change was to modifying the heating system by replacing an oil boiler with pellet 

boilers (Östlund, 2017). In the interest of Skolfastigheter, this measure needs to be 

evaluated to investigate if the replacement of the boilers has reduced the emissions and 

costs and also if it is motivated to do similar actions in additional schools. 

Together with Uppsala municipality, Skolfastigheter intends to be an offensive actor in 

implementing PV-modules on a majority of the district’s public buildings. One of 

Skolfastigheter’s objectives, in terms of energy supplied to its real estates, is that the 

energy as far as possible should be fossil free. Therefore, Skolfastigheter invests in 

extracting solar energy wherever it is suitable to install PV-modules (Skolfastigheter, 

2016). There are however no current plans to install PV-module on Knutbyskolan’s 

rooftop but in the future the idea might prevail. 
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1.1 PURPOSE 

The main purpose of this project is to do an operational follow-up by examining the 

difference in fuel consumption after the change of boilers at Knutbyskolan. 

Skolfastigheter is interested in knowing what impact the replacement has had on 

reducing emissions of CO2-equivalents and fuel costs. 

Skolfastigheter aims to install PV-systems in additional buildings, hence the second part 

of this project intends to examine what impact a PV-system would have on 

Knutbyskolan. The purpose of this investigation is to see to what extent the demand for 

purchased electricity can decrease with such an installation at Knutbyskolan. 

In order to achieve the stated purpose the following research question will be answered: 

Part one, operational follow-up of the heating system 

▪ What is the difference in CO2-equivalents emissions after the replacement? 

▪ How has the fuel costs for the school changed after the replacement?  

Part two, dimensioning of PV-modules 

▪ How can the roof of the sports hall at Knutbyskolan be utilized for implementing 

PV-modules? 

▪ What is the advantage/disadvantage of different sized systems? 

1.2 DELIMITATION AND SCOPE 

The geographic delimitation for this project is Knutbyskolan; a school sited in Knutby 

outside of Uppsala city.  

The focal point for evaluating the boiler replacement at Knutbyskolan will be 

differences in costs and CO2-equivalents emissions. That is, only analyzing the change 

of fuel. This project will not do a full review the total investments or the related 

measures that was made in parallel to the boiler replacement due to lack of information. 

When dimensioning the PV-system only the sport hall is considered, since it has the 

most suitable roof and due to the difficulties of transmitting electricity between 

buildings that does not share connection point. The dimensioning will therefore be 

based on only the sports hall's electricity consumption. All the modules in one run has 

been calculated to have the same tilt, it would be possible and perhaps more effective to 

have different tilts of modules in PV-system but that has not been taken in 

consideration.  
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Furthermore, no calculations have been made on the economic aspect when studying the 

potential of different alternatives of PV-systems. However, the economic advantages 

and disadvantages are discussed. 

1.3 LIMITATIONS  

The investigation in this project includes several limitations. In the evaluation of the 

boiler replacement the major limitation is the lack of data after the measure. Also, only 

four months with the new system has passed. The short operational period makes it 

difficult to do a proper operational follow-up, hence calculations are not made on the 

data of 2017 but instead on a normal year which is statistical comparative. The 

information regarding the differences between the old and new system is incomplete. 

This has resulted in two significant assumptions; the energy demand of Knutbyskolan 

and the systems’ efficiency is assumed to be identical prior and after the measures. The 

later assumption will be sensitivity tested. 

To investigate the potential in mounting a PV-system at Knutbyskolan, simulations will 

be made based on solar insolation of 2014. According to SMHI, the insolation flow 

varies from year to year due to external factors like clouds. Because of this, the result 

would be different if choosing another year. 

1.4 REPORT OUTLINE 

As an introduction, the climate goals of Uppsala municipality will be presented. Each 

section is consistently divided into two parts; first the operational follow-up of the 

boiler replacement, and second the investigation of implementing PV-modules on the 

school. The heating system follow-up will consistently be discoursed before the PV-

system in all sections.    

A background consisting of general information about the concerned types of heating 

system and PV-system will be given. Subsequently the report will narrow down to 

Knutbyskolan; an overview of the heating system prior and after the measures in 2016 

and the potential for a future PV-system will be presented. Methodology, data and 

calculations are presented separately for each part in section 3. In addition, the 

investigation of the heating system will be sensitivity tested in section 4. This will be 

followed by the result in section 5, which will be interpreted and discussed separately in 

section 6. Conclusions will then be stated.  
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2. BACKGROUND 

2.1 CLIMATE GOALS OF UPPSALA MUNICIPALITY 

In the Uppsala municipality strategic environmental plan, long term visions and goals 

are stated and the ambition is to reinforce a development towards a climate neutral 

society. The primary climate goal of Uppsala municipality is to decrease the greenhouse 

gas emissions per capita by 90% until 2050, compared to the 1990 levels. This means 

that the emissions, in 2050, should not exceed half a ton per inhabitant 

(Klimatprotokollet a, 2015). 

The stated objective requires substantial restructuring; in which the use of fossil fuels 

must be phased out in favor of renewable energy sources. This has resulted in the 

ambition to gradually replace all oil based heating systems in premises and industries by 

the year of 2020. In this way, Uppsala municipality works towards a future of fossil free 

heating (Klimatprotokollet c, 2015). 

Uppsala municipality also has the objective to install 30 MW PV-electricity production 

by 2020, and 100 MW until 2030. This is approximately translated into an electricity 

production of almost 30 GWh per year in 2020 and 100 GWh per year in 2030. Uppsala 

municipality has a strong belief that renewable energy sources will play a decisive role 

for their long-term visions, which makes this goal a priority (Kommunalstyrelsen, 

2017). 

2.2 SKOLFASTIGHETER 

Skolfastigheter is as earlier mentioned a municipality owned company. This means that 

they must follow Uppsala municipality’s environmental legislations. Skolfastigheter has 

the vision to reduce the energy consumption in their properties and strive to achieve this 

by implementing what they call energy-smart saving solutions. (Skolfastigheter, 2016) 

Skolfastigheter intend to be an offensive actor in implementing PV-modules in their 

buildings. They are not only interested in making profit by using PV, but also want to 

be a part of the development of solar energy and try new solutions (Skolfastigheter, 

2016). 
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2.3 HEATING SYSTEM 

2.3.1 OIL BOILER 

Oil boilers have traditionally been the conventional heating system in both larger and 

smaller buildings during most of the 20th century. However, the use of oil has gradually 

been phased out and replaced by other energy carriers such as pellets. Today oil is 

primarily used to manage the peaks in energy demand. (Gode et al., 2011) 

A general oil combustion system consists of an oil tank, combustion chambers, oil 

boilers and a chimney. Oil is pumped from the tank to the combustion chambers, where 

it is enlightened and mixed with air. The heat from the combustion is then used to heat 

water in the boiler. When the water is warm enough it is transported into the building 

through a culvert system. The heat can then be utilized for heating through radiators or 

to heat the tap water (Energifakta a, 2017). In general, an oil boiler has an efficiency of 

approximately 85% (Energirådgivningen, 2017). 

The use of oil has a negative impact on the environment since it contains many 

substances that can be harmful. During combustion, compounds of carbon dioxide, 

sulfur dioxide, dust particles and nitrogen oxide emits which contributes to the climate 

changes (Vattenfall, 2013). Furthermore, the extraction, transportation and management 

of oil affect the environment. (SPBI, 2017) According to a life assessment analysis, it 

has been stated that oil emits 288.2 CO2-equivalents kg per MWh fuel (Gode et al., 

2011:126). 

In addition to the negative environmental impact, the oil price has increased radically 

during the last decades. The price increase is a consequence due to both international 

price changes and because it is under heavily environmental taxation (Gode et al., 2011: 

3). Due to this it can be considered profitable, both environmentally and economically, 

to replace oil for another type of fuel (Energirådgivningen, 2017). 

2.3.2 PELLET BOILER 

Pellet is a refined biomass fuel made from different bioproducts from the forest industry 

(Gode et al., 2011). The refining process of the bioproducts makes the volume decrease 

and hence the energy density increases (Johansson, 2016). 

The pellet boiler consists of one tank, where the pellet is stored. From this tank the 

pellets are transported to a combustion chamber, located inside the boiler. The pellet is 

ignited in the chamber and the hot fumes are transported through a culvert. The walls of 
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the culvert absorb the heat and in turn heat both the water in the radiators and the tap 

water. The flue gases are then transported out through a chimney (Energifakta b, 2017).  

Pellet is considered to be a climate neutral fuel, on the assumption that the burning of 

pellets does not contribute with any net carbon dioxide emission (Hansson et al., 2015). 

This assumption is made on the ground that the amount of carbon dioxide emitted 

during the combustion is the same amount that the tree once absorbed from the 

atmosphere (Energimyndigheten a, 2014). However, it should be noted that even if 

pellet is considered to be climate neutral in terms of carbon dioxide emissions, it still 

emits other substances that are harmful for the environment (Johansson, 2016). When 

these emissions are recalculated to CO2-equivalents, pellet is assumed to emit 19.84 

grams of CO2-equivalents per kWh produced (Gode et al., 2011: 126).  

2.4 PV-MODULES 

The interest in generating electricity by PV-system is rapidly growing, and recent years 

the capacity has yearly been doubled (Energimyndigheten b, 2017). The growing trend 

is depending on, among other things, the declining prices, improved techniques and a 

larger access of support systems that simplify the installation and operation 

(Energimyndigheten c, 2016). 

One of the often noted advantages with PV-modules is that it is renewable, 

environmental friendly and does not emit any CO2-equivalents while operating. 

However, there is an environmental impact during the manufacturing process that 

should be considered. From a life cycle assessment it has been noted that the 

manufacturing process contributed to the largest amount of emission during the lifespan 

of a PV-module (NREL, 2012). 

2.4.1 THE PV-TECHNOLOGY 

In a PV-module the sun radiations is converted into electricity by using PV-cells with 

the ability to produce a current from photonic radiation. The solar cell consists of a 

semi-conductive material, often silicon. The cell is then exposed to photons from the 

sun and a direct current, DC, is produced (Solcellforum, 2012). PV-modules are 

therefore more effective when the energy produced is consumed during daytime, due to 

the high cost and complexity of storing electricity (Greenmatch, 2017).   

2.4.2 PV- SYSTEM IN PREMISES 

A PV-system consists of a PV-array, which is PV-modules connected in series, which 

generates electricity according to the theory explained in the section above. A set of 
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other components are also necessary to conduct, control, convert and distribute 

produced electricity. The PV-generated energy can either be used directly in the 

premises or be distributed on the grid (Masson, 2016). 

In Sweden, a PV-system produce optimally when it is mounted with a south-orientation 

and with a tilt of somewhere in between 40°-50°. One of the challenges with PV-

systems is that it produces the most during summer, when the consumption normally is 

low. By adjusting the tilt, the production can be regulated; with a larger tilt, for example 

60°, the production increases during spring and fall (Svensk solenergi, 2013). 

Furthermore, PV-system only produces energy during daytime. In public premises, the 

electricity consumption is normally high during the day when the activity is large. The 

consumption is therefore coinciding with the electricity production of PV-modules 

(Masson, 2016). 

Occasionally a larger quantity of electricity is produced than what is required for the 

local building where the PV-system is installed. The surplus electricity can be 

distributed on the public grid, however the price for buying electricity is normally much 

higher than the selling price. This means that the saving costs from consuming 

electricity produced by the PV-system is higher in comparison to the profit from selling 

the excess electricity (Luthander, 2013). 

2.4.3 SELF-CONSUMPTION AND SELF-SUFFICIENCY 

Two terms which are useful in the context of dimensioning a PV-system are self-

consumption and self-sufficiency. 

Self-consumption is the PV-produced electricity which is consumed within the building. 

It can be measured in both absolute and relative numbers. The absolute number 

represents the premises’ consumption in kWh of the PV-produced electricity, whilst the 

relative number represents the self-consumption divided with the total PV-produced 

electricity. The relative number expresses the percentage of how much of the produced 

energy that is used in the premises. That is, the self-consumption represents how much 

electricity that can be substituted from the supplier. With a low surplus energy, the 

relative self-consumption is high (Masson, 2016). 

Self-sufficiency corresponds to the part of the PV-produced energy which covers the 

total energy demand. The self-consumption contributes to the self-sufficiency, whilst 

the surplus energy from a PV-system does not. A higher PV-production results in a 

higher self-sufficiency (Masson, 2016). The equations for self-sufficiency and self-

consumption are presented in section 4.6. 
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2.5 KNUTBYSKOLAN 

One of the schools that Skolfastigheter owns and operates in is Knutbyskolan, outside 

of Uppsala city. Knutbyskolan was built in 1951 and consist of three buildings; one for 

children in grade 1-6, one preschool and one sports hall. The school is relatively small 

with its 140 students. Knutbyskolan is situated outside the reach of the district heating 

and must therefore be heated by a boiler. During 2016, Skolfastigheter made several 

changes in their heating system (Östlund, 2017). This chapter will evaluate these 

measures and the possibility for dimensioning a PV-system on the roof. 

2.5.1 THE OLD SYSTEM 

Until May 2016 Knutbyskolan was heated by one pellet boiler and one oil boiler; where 

the oil boiler was utilized to manage the school building’s energy peaks (Östlund, 

2017). To adapt the pellet boiler output to the school’s varying energy demand over the 

year an additional burner was installed. A larger sized burner was used during the 

semesters and a smaller one during summer when the heating demand is lower. The 

boilers were located in the main school building (Östlund, 2017). 

The amount of pellet and oil used in the old system were manually read and reported 

monthly from Knutbyskolan to Skolfastigheter. This data is found in Appendix A, Table 

A1. The monthly energy use during 2015 is seen in Figure 1 where the amount of fuel is 

converted into MWh. 

 

 

Figure 1. A graph of the consumption of oil and pellet converted into their energy 

content in kWh during 2015. Pellet is used for basic heating and oil is used for energy 

peaks. 
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Figure 1 demonstrates how the fuel usage increases during the winter months and 

decreases during the summer. One can also observe the quantity of oil used is larger 

during the cold periods, that is when the energy demand peaks and the pellet boiler no 

longer is able to alone manage the heating. The usage of oil during the warmer months 

is explained by either stoppage of the pellet boiler or unexpected low temperatures 

(Sundblad, 2017). 

2.5.2 THE NEW SYSTEM 

Because of Uppsala municipality’s climate goals to phase out all oil based heating by 

2020, Skolfastigheter decided to replace both boilers. The measure was executed to 

meet the 2020 goal, and not as an energy efficient action (Östlund, 2017). The total cost 

for the boiler replacement was approximately 2.5 million SEK (Startmötesprotokoll, 

2016). 

The new system consists of two pellet boilers; one larger with 150 kWh installed power 

and one smaller with 50 kWh installed power. The larger boiler is the main heat 

supplier during the semesters, and is combined with the smaller boiler when the energy 

demand peaks.  The smaller boiler is dimensioned to manage the heating demand during 

summer. Furthermore, a new control system was installed which makes it possible to 

control the indoor temperature at the school from the headquarter of Skolfastigheter 

(Östlund, 2017).  

During the rebuilding of the heating system, the first thing was to relocate the boilers. 

Instead of being located in the main school building, the boilers were moved to a new 

building in connection to the sports hall. Because of this, a new culvert system had to be 

installed. However, a part of the old culvert system remained. Adjacent to the new 

boilers a silo was installed for pellet storage. Accumulation tanks and circulation pumps 

were also installed, but the old equipment for water heating was preserved. 

(Startmötesprotokoll, 2016) 

After the rebuilding, there is no logged data for the amount of pellet used and 

Skolfastigheter has no precise knowledge of the new pellet demand. Because of this, the 

operating technician place an order only based on the amount of pellets in the silo 

(Sundblad, 2017).   

Observations 

When visiting Knutbyskolan, observations of the implementation of the new system 

were made. The biggest remark with the new system is that one of the computers is out 

of function. It is possible that this is the reason why the pellet consumption is not being 

collected, however it has not been confirmed. Furthermore, it seems like the scale is not 
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calibrated correctly and therefore obstruct the weighing and logging of pellets 

(Sundblad, 2017). 

The new system is equipped with three computers showing different information. Hence 

there is not a unified control system, which makes the system more complicated than 

necessary (Sundblad, 2017). 

2.5.3 FUTURE PV-SYSTEM 

As mentioned before, Uppsala municipality intends to implement PV-systems on 

several of their buildings to aim for 30 MW installed solar energy by 2030. This is a 

step in increasing renewable energy sources and reducing carbon dioxide emissions in 

the district (Kommunalstyrelsen, 2017). 

In public premises as Knutbyskolan, the electricity consumption is normally high during 

the day when the activity is high. The consumption is therefore coinciding with the 

electricity production of PV-modules (Masson, 2016). During a visit at Knutbyskolan 

the school’s sport hall where observed. The building is approximately 1000 m2 and no 

adjacent trees or other obstacles are shadowing the roof. Because of this, a PV-system 

would be a suitable complement to Knutbyskolan’s electricity demand and could 

potentially reduce their costs for electricity. 

When dimensioning a PV-system it is important to investigate the building’s electricity 

consumption. While implementing PV-modules on their buildings, Skolfastigheter aims 

to cover 10-15% installed power of the building’s yearly consumption, this to ensure 

not producing more electricity than the facility utilizes. Knutbyskolan has a reduced 

activity during the summer months, which is the same period as PV-systems peaks in 

Sweden. Hence it is important to look at the electricity use during the summer if the 

system is to be dimensioned without surplus production (Östlund, 2017). If the system 

is to be producing more than the building is consuming, other complementing solutions 

are needed, such as storage or selling the electricity back to the grid (Luthander, 2013).  
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3. METHODOLOGY 

This section contains a model layout, data and calculations for the operational follow-up 

of the new heating system and for the dimensioning of PV-modules. 

The stated purpose for the boiler replacement´s operational follow-up is to examine the 

changes of costs and CO2 - equivalent emissions. The central assumptions are that the 

energy demand and the efficiency of the boilers are identical before and after the boiler 

replacement. The method is summarized in Figure 2, which describes the steps from 

interpretation of data to conclusions about the price and emissions of CO2-equivalents 

for the old versus the new system. All these steps will be more precisely explained in 

section 4.1 to 4.3. 

Figure 2. A schematic figure of the procedure to reach the results. 

The stated purpose for dimensioning a PV-system on the sports hall of Knutbyskolan is 

to examine advantages and disadvantages with different sizes of the system. Two cases 

were tested; one where the size of the system was dimensioned to avoid production of 

excess electricity and one where the entire roof area was utilized for PV-production. 

The results will be analyzed using the terms self-consumption and self-sufficiency. 

3.1 MODEL FOR HEATING SYSTEM 

Figure 3 shows a plot over the relation between the outdoor temperature and the energy 

consumption; when the temperature is low, a larger amount of energy is needed to keep 

the buildings warm, and vice versa. 
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Figure 3. A graph of the total energy consumption against the outdoor temperature over 

time during 2015. 

As can be seen in Figure 3 the heating demand is very dependent on the current outdoor 

temperature. To be able to compare the usage of heating energy between years it is 

therefore significant to be independent of temperature differences between years. This 

can be done by a normal year correction. By using this method, the energy use is 

standardized to a normal year, which means that the consumption is independent of 

variations in the outdoor temperature between the different years. The adjustment to 

normal year is in other words used as a statistical comparative value. In Sweden, there 

are two existing methods for normal year correction: degree day and energy signature 

(Schulz, 2003). In this report degree day will be used. 

3.1.1 NORMAL YEAR CORRECTION BY DEGREE DAYS 

This method is based on measured data over the heating consumption during a period, 

which is recalculated with a correction factor. The correction factor states the relation 

between the normal quantity of degree days during a period and the actual quantity of 

degree days during the period which is intended to be compared. The correction is only 

used on the climate dependent part of the heating consumption. If the correction factor 

is larger than one it means that the actual year is warmer than a normal year and vice 

versa. The part that is climate independent is frequently estimated to be 20% of the total 

consumption, and includes among other things the heating of tap water. (Schulz, 2003) 

The quantity of degree days (DD) for heating is calculated by equation 1, and is 

described as the difference between balance temperature, Tb, and the outdoor 

temperature, To. The difference is subsequently summarized for each month or year. 

The outdoor temperature is the mean temperature during a day. The balance temperature 



17 
 

is the outdoor temperature at which no heat needs to be provided to keep the right 

indoor temperature. The balance temperature that must be kept is 17 °C (Schulz, 2003). 

𝐷𝐷 = ∑ (𝑇𝑏,𝑖 − 𝑇0,𝑖), 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, 2, … , 𝑁 𝑑𝑎𝑦𝑠𝑖      (1) 

The quantity of degree days in this project are obtained from Norrtälje Energi. 

3.1.2  CORRECTIONS FOR IRREGULAR MEASURING DAYS 

Measurements of the fuel consumption for heating are ideally made on the last day each 

month. Sometimes the end of a month occurs on a weekend. In those cases, the 

measurements are made a few days earlier or later than they are supposed to. If this 

happens, the result of the normal year correction will be affected and therefore 

misleading. One month would then have a seemingly high consumption, whereas the 

next month has a seemingly low consumption. Because of this it is necessary to 

compensate if irregular measurements occur (Schulz, 2003).  

One way to compensate a measurement on the wrong date is to correct the monthly 

consumption by considering the number of days between the measurements, Dmeasured. 

This is then compared to the actual number of days in that specific month, Dmonth. In that 

way, the eventually errant measured energy use, Qmeasure is compensated to a more 

accurate energy amount, Qmonth. The energy use has the unit W. See equation 2 (Schulz, 

2003). 

𝑄𝑀𝑜𝑛𝑡ℎ =  𝑄𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑×
𝐷𝑚𝑜𝑛𝑡ℎ

𝐷𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
    (2) 

This correction assumes that the accurate consumption during the errant days is not 

notably different from the remaining days of the same month. This implies that the 

average outside temperature should be approximately the same (Schulz, 2003).  

3.2 DATA FOR THE HEATING SYSTEM 

The sources and content of the data will be presented below. 

3.2.1 DATA FROM SKOLFASTIGHETER 

The available data from the rebuilding of the heating system has been collected from 

Skolfastigheter. In an attempt to map all the changes that has been made a general 

meeting protocol collected at Skolfastigheter has been used. Data over the monthly fuel 

consumption before the remodeling has been collected. This data covers 2014 to 2016. 

Since the rebuilding of the heating system started in May 2016, the data from May 2016 

to December 2016 is not accurate to describe the old system. According to the 
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operational technician at Knutbyskolan, data from 2014 was supposedly defected 

(Sundblad, 2017). Because of this, the year of 2015 is used to depict the fuel 

consumption in the prior system. 

The purchased price for oil and pellet that Skolfastigheter has been charged for is found 

in Table 1. In addition, the emissions of CO2- equivalents for the fuels per MWh are 

included in Table 1. The emissions are based on an life cycle assessment provided by 

Miljöfaktaboken (Gode at el,. 2011).  

Table 1. Price and CO2-equivalents for pellet and oil. 

  

  Pellet Oil 

Price1 1616 kr/ton 8206 kr/m3 

Price per energy unit [kr/kWh] 0.3232  0.8206  

CO2-equivalents [kg /MWh]2 19.84 289.2 

1 (Östlund, 2017) 
2(Gode at el., 2017) 

3.2.2 DATA OF DEGREE DAYS 

To perform a normal year correction, degree days for the specific region are necessary. 

Degree days was not available for Knutby, hence similar data were gathered from the 

district Norrtälje instead. Because of the proximity of 29 kilometers between the two 

locations, the variance in temperature is assumed to be similar. The data of degree days 

is found in Table 2. 

Table 2. The quantity of degree days for 2015 and for a normal year. The correction 

factor is the fraction of degree day for the actual year and the normal year. 

Month 
Actual number of degree days, 
2015 

Number of normal degree 
days 

Correction 
factor 

January 508 602 0.844 

February 448 558 0.762 

March 442 533 0.829 

April 335 389 0.861 

May 250 236 1.059 
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June 118 108 1.093 

July 46 32 1.438 

August 14 52 0.269 

September 128 166 0.771 

October 318 315 1.010 

November 383 442 0.867 

December 433 565 0.766 

 

3.3 CALCULATIONS FOR NORMAL YEAR CORRECTION 

The normal year correction by degree days is operated by the following four steps: 

1) The monthly fuel usage of 2015 is corrected for irregular measuring days by 

using equation 2 in section 4.2.2. Data used for this step is found in Table A.2 in 

Appendix A, together with the stated measuring days for each month. 

2) The part of the heating consumption in step 1 that is independent of variations of 

the outdoor temperature, 𝑄𝑇𝐼, is subtracted from the total amount of heating 

energy, 𝑄𝑇𝑜𝑡𝑎𝑙, required from each month. 𝑄𝑇𝐼 is estimated to be 20% of the 

total. The monthly amount of 𝑄𝑇𝑜𝑡𝑎𝑙 is found in Table A.3 in Appendix A. 

3) The part that is dependent of variations in temperature is corrected by the 

correction factor, CF, for each month. CF is the fraction between the quantity of 

degree days during the actual year, DDA, and the quantity of degree days during 

a normal year, DDN. See Table 2 for data over degree days. 

4) 𝑄𝑇𝐼 is then added again. Now the heat consumption has been standardized to a 

normal year and is statistical comparative, see Table A4 in Appendix A. 

(SMHI a, 2017) 

The procedure in step 2-4 results in equation (3). 

𝑄𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 =  𝑄𝑇𝐼 + (𝑄𝑇𝑜𝑡𝑎𝑙 − 𝑄𝑇𝐼) × 
𝐷𝐷𝑁

𝐷𝐷𝐴
=  𝑄𝑇𝐼 +

𝑄𝑇𝑜𝑡𝑎𝑙−𝑄𝑇𝐼

𝐶𝐹
          (3) 

The fuel consumption in 2015 was translated into a normal year consumption. To 

compare the old and new system, the emissions of CO2-equivalents and price for each 

month were calculated according to Table 1. In the old system, the measured amount of 

oil and pellets after step 4 were used. Since it is assumed that Knutbyskolan has the 

same heating demand, the new annual price and emissions are estimated based on the 

total consumption during a normal year in the old system. In the new system only pellet 

is used, hence the price and emissions for the new system are calculated by using the 

first column in Table 1. 
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3.4 PV-MODULES 

3.4.1 MATLAB SIMULATIONS 

A MATLAB program is used in order to simulate how much electricity that can be 

generated by installing a PV-system on the sports hall. The output of each simulation is 

the quantity of energy for every hour during one year. The program is provided by 

Joakim Widén at Uppsala University (Widén, 2017). In addition of each simulation, the 

degree of self-consumption and self-sufficiency are calculated. 

The program uses STRÅNG insolation data, which gives the insolation for every hour 

for a year. The program also requires the azimuth for the building that is concerned. The 

azimuth describes the orientation of the PV-system where a 0° is facing south and 180° 

is facing north. The tilt of the PV-modules and also the longitude and latitude for the 

building has to be specified.  

The output is a vector with the potential energy utilization for every hour during an 

entire year. In the simulations, each PV-module has an installed power of 150 W and a 

size of one square meter (Widen, 2017). The program does not consider obstacles that 

may shadow the PV-system or dirt and snow that can result in a decreased efficiency of 

the system. 

3.5 DATA FOR PV-SIMULATIONS 

The data from both STRÅNG and Vattenfall which is used in the simulations are from 

the year of 2014. 

3.5.1 STRÅNG INSOLATION DATA 

To dimension the PV-modules the amount of solar radiation in the area is required. This 

data is collected by using the STRÅNG model system, which gives the hourly 

insolation data over an area (SMHI b, 2017). In the simulations both global radiation 

and direct solar radiation is needed. The direct solar radiation is denoting the sunlight 

which is transported from the sun to the specific surface in a straight line, whereas the 

global radiation describes the total insolation (Luthander, 2013). 
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3.5.2 POWER CONSUMPTION FROM VATTENFALL 

The electricity consumption data is collected from Vattenfall’s site (Vattenfall, 2017) 

where information about the power consumption for their customers is available. The 

data shows the consumption for each day for the sports hall. 

3.6 DIMENSION PV-MODULES 

To dimension PV-modules on the rooftop of the school several parameters need to be 

measured: size, tilt of the roof and azimuth. Both tilt and azimuth angle can be altered 

by placing the modules on a stand with a larger tilting angle respectively by changing 

orientation of the modules. However, this report only examines the impact of changing 

the tilt of the modules and the quantity.   

 

 

 

 

 

 

 

 

 

Figure 4. A model of the sports hall building. 

The side of the roof marked A in Figure 4 is faced close to south, with an azimuth of -

6°, and is therefore suitable for a PV-system. The base (b) and width (w) and the height 

(h) were measured when visiting the school and the area A was calculated to 580m2 and 

ɑ is approximately 7°. 

The dimensioning of the PV-system is divided into two cases;   

Case one, 40 m2-system 

The first case is when the recommendations from Skolfastigheter is followed and 12,5% 

of the yearly electricity consumption is installed in PV-modules. This to minimize the 
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amount of surplus electricity. To find out which system size that is required, the 

MATLAB simulations are executed repeatedly with the embedded tilt of the roof, 7°, 

and the size of the system is varied until the desired power is accomplished.  

Case two, 350 m2-system 

The second case is when the area of the roof is utilized to its full potential. Obstacles on 

the roof are estimated to 20%. Areas that are included in this fraction is chimneys, the 

areas where the chimney cast a shadow, ventilation- and air shafts. Also one meter on 

all sides are left as margins. This yields a roof area of approximately 350 m2 for the PV-

system. 

The tilt in the simulations 

In both cases calculations are made for three different tilts: 7°, 45° and 60°. This is to 

examine the difference in the power output and at which angle the modules are most 

effective for the purpose. The roof’s tilt is 7° and therefore the first tilt to examine. A tilt 

of 45° was chosen to evaluate because it is considered to be an optimal angle for PV-

modules. As mentioned before, a larger tilt on the modules can be more effective when 

producing electricity during spring and fall, hence a tilt of 60° is analyzed. The result is 

presented in section 6.3. 

Self-consumption and self-sufficiency 

When evaluating the difference in power output connected to the tilt of the module, self-

consumption and self-sufficiency is used. The terms are visually explained in Figure 5. 

 

Figure 5. A graph that illustrates self-consumption and self-sufficiency. 
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The self-consumption is the lower marked area which describes how much is used of 

the produced electricity and is calculated as equation (4): 

𝑆𝑒𝑙𝑓 − 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  
𝐸𝑢𝑠𝑒𝑑,𝑃𝑉−𝑝𝑟𝑜𝑑.

𝐸𝑇𝑜𝑡𝑎𝑙,𝑃𝑉−𝑝𝑟𝑜𝑑.
   (4) 

The self-sufficiency is describing how much of the electricity consumption that is self-

produced. To calculate self-sufficiency equation (5) is used: 

𝑆𝑒𝑙𝑓 − 𝑠𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝐸𝑢𝑠𝑒𝑑,𝑃𝑉−𝑝𝑟𝑜𝑑.

𝐸𝑢𝑠𝑒,𝑇𝑜𝑡𝑎𝑙
   (5) 

The calculations of self-consumption and self-sufficiency is done with equation (4) and 

(5) in MATLAB and presented in section 6.3. 
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4. SENSITIVITY ANALYSIS 

A sensitivity analysis is made in this chapter in order to determine how different values 

of an independent parameter affect a particular dependent variable under the set of 

assumptions. This method examines the impact different input variables have on the 

outcome. 

In the evaluation of the boiler replacement rate of efficiency will undergo sensitivity 

analysis. The aim is to examine the result if the efficiency of the boiler differs prior and 

after the rebuilding. 

4.1 IMPROVED EFFICIENCY 

In the previous chapter, it was assumed that the boilers efficiency was identical prior 

and after the rebuilding. In this sensitivity analysis, it will be tested how an improved 

efficiency would affect the result. 

The new boilers have an efficiency of 90% according to Uppland Värmecenter, who has 

been responsible for the installation (Waltersson, 2017). It is reasonable to assume that 

the prior boilers have a lower efficiency since they are older. The energy demand is still 

assumed to be identical, which means that the amount of energy that is transported from 

the boilers must be the same. With a higher efficiency, the new system does not need as 

much fuel as the old system. As before, it is the amount of fuel that goes into the 

boilers, recalculated to a normal year, which is investigated. The same procedure as in 

section 4.3 is used. 

𝑄𝑖𝑛,𝑜𝑙𝑑×η
𝑜𝑙𝑑

=  𝑄𝑜𝑢𝑡 

𝑄𝑖𝑛,𝑛𝑒𝑤×η
𝑛𝑒𝑤

=  𝑄𝑜𝑢𝑡 

⟹ 𝑄𝑖𝑛,𝑛𝑒𝑤 =  
𝑄𝑖𝑛,𝑜𝑙𝑑 × 𝜂𝑜𝑙𝑑

𝜂𝑛𝑒𝑤
   (6) 

Where 𝑄𝑜𝑢𝑡 is the necessary amount of energy transported from the boiler [MWh], 

𝑄𝑖𝑛,𝑜𝑙𝑑 is the amount of energy necessary for the old system [MWh],  𝑄𝑖𝑛,𝑛𝑒𝑤 is the 

amount of energy necessary for the new system [MWh], 𝜂𝑜𝑙𝑑 is the efficiency of the old 

system and 𝜂𝑛𝑒𝑤  is the efficiency of the new system. 

 𝑄𝑖𝑛,𝑜𝑙𝑑 is known from the normal year corrected consumption from 2015, see Table A.4 

in Appendix A, and the efficiencies are assumed to be 85%. 
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5. RESULTS 

In this section, the results will be presented. In the first part the results of the fuel 

replacement is demonstrated in terms of cost and CO2-equivalent emission differences 

between the old and new system. In the second part a proposed PV-system is presented, 

together with its potential electricity production. 

5.1 THE IMPACT OF CHANGING THE HEATING 
SYSTEM 

In Figure 6 the real consumption of 2015 and the normal year corrected consumption is 

presented. 

 

Figure 6. The real energy consumption of 2015 versus the normal year corrected 

consumption of 2015. 

In Figure 6 it can be seen that the larger part of 2015 was warmer than a normal year, 

hence the corrected consumption is higher than the actual consumption. The estimated 

differences in costs and CO2-equivalent emissions between the old and new system are 

based on the normal year corrected consumption. As mentioned before; the old system 

is referring to the system which uses both pellet and oil, whilst the new system only 

uses pellets. 

5.1.1 DIFFERENCES IN COST 

The change in cost for Knutbyskolan between using oil and pellets in comparison to 

only use pellet is shown in Figure 7. 
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Figure 7. Annual fuel cost before and after the replacement. 

It is a distinct difference between the systems, especially for those months where the oil 

consumption is high. During a normal year, Knutbyskolan will decrease its fuel costs 

with approximately 33 400 SEK. This corresponds to a reduction with about 13% 

compared to the old system 

5.1.2 DIFFERENCES IN CO2-EQUIVALENTS EMISSIONS 

In Figure 8 the monthly emissions during 2015 has been recalculated to CO2-equivalent 

and then adjusted to fit a normal year. The monthly emissions for the old system are 

then compared with the monthly emissions for the new system without oil based 

heating. 

 

Figure 8. Annual emissions of CO2-equialents before and after the replacement. 

As shown in the Figure 8 there is a considerable decrease in emissions between the old 

and new system. The yearly CO2-equialents emissions will decrease by approximately 

18 ton; this is a reduction of 55%.    
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5.2 SENSITIVITY ANALYSIS OF THE EFFICIENCY 

A sensitivity analysis was executed, where the efficiency was estimated to 85% for the 

old system and 90% for the new system. The result demonstrates a potential yearly cost 

reduction of approximately 50 800 SEK, or 19% due to that less fuel is needed if the 

efficiency of the boiler is higher. The emissions of CO2-equivalent is also reduced with 

approximately 18 900 kg per year, which corresponds with a reduction of 59%. 

5.3 DIMENSIONING A PV-SYSTEM 

The study of the suitable amount and tilt of the modules are divided into two cases 

where a system of 40m2 and 350m2 are examined. Each case is then tested with three tilt 

angles; 7°, 45° and 60°. 

5.3.1 CASE ONE, 40M2-SYSTEM 

The yearly energy consumption for the sports hall is based on data from 2014. The solar 

energy produced, degree of self-consumption and degree of self-sufficiency of the 

different runs are presented in the Table 3 below. 

Table 3. Case one with a 40m2 -system  

Tilt: 7° 45° 60° 

Produced electricity [kWh/year] 4 853 5 366 5 083 

Surplus electricity [kWh/year] 28.0 41.7 17.8 

Self-sufficiency [%] 12.4 13.6 13.0 

Self-consumption [%] 99.4 99.2 99.7 

 

The self-consumption is near 100% in each run and a relative low produced surplus 

electricity, which corresponds well with Skolfastigheter’s conventional practice of 

installing 10-15% of the yearly consumption to minimize the excess electricity. The 

degree of self-sufficiency is 12-14% for each of the examined tilts. 

The case with a 40m2-system and a 7° tilt was plotted and the result is shown in Figure 

9 below. 
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Figure 9. The blue line represents the electricity consumption and the red line 

represents the PV-produced electricity. The PV-system in the simulation is 40m2 with a 

7° tilt. 

As can be seen in Figure 9, the production is smaller than the consumption over the year 

so no excess is produced. That corresponds to a high self-consumption of 99,8% in 

Table 4.  

The two remaining cases when the tilt is set to 45° and 60° are not shown since all three 

of them are very similar. This is most likely a result of a relative small system, which is 

why the difference between the tilts is pictured more thoroughly in the case with the 

larger system. 

5.3.2 CASE TWO, 350M2-SYSTEM 

The PV-produced electricity, degree of self-consumption and degree of self-sufficiency 

for the different runs in the case with 350m2-system are presented in the Table 4 below. 

Table 4. Case two with a 350m2-system.  

  

Tilt: 7° 45° 60° 

Produced electricity [kWh/year] 42 463 46 956 44 478 

Surplus electricity [kWh/year] 23 464 26 238 23 880 

Self-sufficiency [%] 48.7 53.1 52.8 

Self-consumption [%] 44.7 44.1 46.3 
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The energy consumption remains the same and the size of the system is increased to 

350m2 which naturally yields a higher produced surplus electricity, as can be seen in 

Table 5. A higher degree of self-sufficiency is accomplished due to a larger production 

but also a lower degree of self-consumption as a consequence. By tilting the modules 

60° the highest degree of self-consumption can be achieved. A tilt of 45° seems to be 

the best option for a high degree of self-sufficiency.  

The three graphs of the three different tilts have been plotted and are presented below in 

the order: 7°, 45° and 60°.  

 

Figure 10. The blue line represents the electricity consumption and the red line 

represents the PV-produced electricity. The PV-system in the simulation is 350 m2 with 

a 7° tilt. 

As can be seen in Figure 10, a large produced surplus electricity can be observed during 

the warmer months of the year with a 7° tilt, which was expected with the large number 

of modules. Despite this, the consumption is still larger than the production during the 

winter, spring and fall. 
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Figure 11. The blue line represents the electricity consumption and the red line 

represents the PV-produced electricity. The PV-system in the simulation is 350 m2 with 

a 45° tilt. 

By tilting the modules 45° a distinct difference in peak of the production can be noticed 

in Figure 11. The PV-system will still produce surplus electricity during the summer but 

the peak is extended and produces more electricity during spring and fall, compared to a 

tilt of 7°. 

 

Figure 12. The blue line represents the electricity consumption and the red line 

represents the PV-produced electricity. The PV-system in the simulation is 350 m2 with 

a 60° tilt. 
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Figure 12 shows the electricity production with a tilt of 60° and what could be observed 

in Figure 11 is more distinguishable here. The peak is flattened, extended and covers 

even more of the demand during spring and fall compared to the previous figures. This 

was expected and is the reason a tilt of 60° was chosen. 
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6. DISCUSSION 

The discussion will first cover the operational follow-up of the rebuilding of the heating 

system, followed by a discussion of the dimensioning of the solar modules. 

6.1 RESULT HEATING SYSTEM 

Oil emits highly notable amounts of compounds of carbon dioxide, sulfur dioxide, dust 

particles and nitrogen oxide during combustion. Because of this oil is under high 

governmental climate taxations. In combination with the taxation, Uppsala municipality 

has decided that all oil based heating is supposed to be phased out prior 2020. This is a 

measure with the ambition to phase out the use of oil. The main reason for changing the 

boilers in Knutbyskolan was due to this restriction, and did not have the objective to 

make the school more energy effective. 

As the result indicates, Knutbyskolan and Skolfastigheter both made environmental and 

economical profits due to replacing oil to pellet in their heating system. The emissions 

of CO2-equivalent are as known much lower for pellets compared to oil. As a 

consequence, the new boilers in Knutbyskolan have reduced the school's CO2-

equivalent emissions during a normal year with approximately 55%. The fuel cost 

during a normal year has decreased with approximately 13%. These numbers are an 

indication of how much the emissions and costs has decreased due to changing the fuel. 

The result is valid for the normal year corrected fuel consumption of 2015. 

The fact that the investment is approximately 2.5 million SEK and the annual reduction 

in fuel cost is 30 000 SEK, indicates a long pay off-time. However, it is shown that in 

the perspective of Uppsala municipality’s vision of being climate neutral, the decision 

of phasing out all oil based heating is an important step in the right direction. 

In the sensitivity analysis, an improved efficiency after the boiler replacement was 

investigated. The cost reduction during a normal year would then be 50 800 SEK and 

the CO2-equivalent emissions would be reduced with 59%. This is expected because of 

an improved efficiency will result in a lower energy demand and therefore lower costs 

and emissions. It is fair to assume that the new boilers have an improved efficiency, 

which means that the reductions in cost and emission are in fact lower. 

 



33 
 

6.1.1 SOURCES OF ERROR 

Knutbyskolan’s new boilers have operated for merely 4 months. This, in addition to no 

available data over the pellet consumption after the switch, has made the evaluation of 

the new heating system complicated. Ideally the boilers should have been in operation 

for at least a year and the pellet consumption carefully monitored. If this was the case a 

more accurate picture over the emissions and costs after the rebuilding could have been 

made. 

There is a problem using normal year correction by degree days during the summer. 

This is because the number of degree days is very small or close to zero in this season. 

During the summer, the building has hardly any heating demand, and most of the 

energy is used for regulating the tap water. It is therefore misleading to assume that the 

tap water is only accounted for only 20% of the total energy use during the warmer 

months. Therefore, the summer months are sometimes not required to be normal year 

corrected. The high value of the corrected heating demand in for example August can be 

explained by this reasoning. 

6.1.2 IMPROVEMENTS OF THE HEATING SYSTEM 

One of the challenges concerning the operation of the new boilers is that Knutby is sited 

in a sparingly built area. Hence it might be difficult for someone to come instantly to the 

school during any stoppage that might occur. A complicated system may therefore be 

unsuitable, since personnel with the right competence are not always available. 

Therefore, an improvement of the new heating system could be that instead of having 

different computers to all the boilers, have the same computer and link the boilers 

together. In this way, the operation of the boilers might run more smoothly. 

6.2 RESULT PV-SYSTEM 

In the first case the size of the PV-system is according to Skolfastigheter’s conventional 

practice where PV-systems is dimensioned to produce 10-15% of the total electricity 

use. Therefore, in this case, 40m2 of PV-modules were installed and that correspond to 

approximately 12.5% of the total electricity use. With 40m2
 all simulations resulted in 

almost 100% self-consumption, which was desired from Skolfastigheter. Furthermore, 

the self-sufficiency was relatively similar on just over 12% for each run. By comparing 

the different tilts, it is noted that the difference is quite small on a yearly basis. 

However, the PV-systems with higher tilt produces more during spring and fall, which 

corresponds with the theory presented in the background. A tilt of 45° produced the best 

result in the first case, in the aspects of self-consumption and self-sufficiency. 
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In the second case the PV-system consisted of 350m2 of modules and was dimensioned 

to cover the total roof area. This resulted in a much higher self-sufficiency than in the 

previous case, whilst the self-consumption was much lower. A higher self-sufficiency 

degree is accomplished due to a larger production all over the year but also a lower self-

consumption because of the decreasing demand during the summer when the production 

is highest. 

A high degree of self-consumption indicates a low amount of surplus electricity. In the 

case with 40m2 the surplus is measured to approximately 17 - 41 kWh/year and 28 000 - 

41 000 kWh/year with 350m2. If the goal is to use as much of the PV-produced 

electricity as possible, the case with 40m2 is preferable. However, if the goal is to 

produce as much of the electricity demand as possible it is achieved in case two. With 

this perspective, it is also important to consider the investments cost.  

With the larger system, there will be a considerably amount of surplus electricity 

produced, which for example could be stored in a battery or as heat in a heat storage. In 

that way, the energy that is not used directly can be consumed later, rather than 

transmitting it to the grid. These types of techniques are still under development, but 

since Uppsala municipality intends to be an offensive actor regarding solar power, this 

could be of great value when investing future PV-systems.  

If there is no possibility for energy storage the best solution is to only utilize as much 

electricity that is used in the building. This is because there is going to be a financial 

setback if the electricity is sold back to the grid. 

6.2.1 SOURCES OF ERROR 

The model used to dimension the PV-system in this investigation is a simplified model. 

For example, it does not take into consideration factors that can affect the electricity 

production in a negative way. This includes trees that might shadow the PVs during 

parts of the day. Leaves and snow during the winter season that, if not removed, will 

decrease the PV-system’s ability to produce electricity.  Hence the model might not 

give a completely correct result in how much electricity the system will produce. Still it 

gives a close enough picture of the potential electricity production. 

In the second case, where the roof area is maximized, the system’s self-shadowing was 

considered. When the modules have a tilt of 45° and 60° they are normally mounted 

with a distance between each module so that the shadowing does not reduce the 

efficiency. This has not been included in the simulations. Hence the real electricity 

production for case two with tilt 45° and 60° is probably lower than presented.  
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7. CONCLUSION 

7.1 HEATING SYSTEM 

There is a notable yearly reduction in fuel cost for Skolfastigheter since the rebuilding 

of the heating system. Since this report does not evaluate the payoff time for the boiler 

replacement, it can not be determined when or if there will be a financial gain for 

Skolfastigheter. However, the yearly fuel cost will decrease with approximately 30 000 

SEK, and with an initial investment of 2.5 million SEK it is safe to say that the payoff 

time will be long.  As shown in the sensitivity analysis the cost could be further reduced 

if it would be so that the efficiency of the new boilers is larger than what has been 

considered here. 

The most significant change is the decreased quantity of emission of CO2-equivalents. 

The emissions are yearly reduced with 55%. Considering that this investment was 

initially done to fulfill Uppsala municipality climate goals, this can be considered a step 

in the right direction towards making the district's schools more environmental friendly. 

Skolfastigheter has thus achieved what was the primary goal of this investment; the oil 

based heating system has been removed and replaced by a pellet based system. 

Consequently, a reduction in the amount of CO2-equivalents emissions is apparent. 

7.2 DIMENSIONING OF PV-SYSTEM 

A PV-system is analyzed with 40m2 and 350m2 of modules with three different tilts 

each. The result in produced electricity is analyzed with the terms self-consumption and 

self-sufficiency.  

Dependent of the aim, different systems are preferable. If the aim is to have no surplus 

electricity 40m2 of modules is suitable. The self-consumption then is approximately 

100% and with a tilt of 45° the highest self-sufficiency is achieved. If the intention 

instead is to be as self-sufficient as possible a larger PV-system is required. With a tilt 

of 60% some of the solar electricity production is moved from the summer to spring and 

fall which decreases the self-consumption and decreases the surplus production and 

therefore is more suitable for a school with a larger demand during the semesters. 
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APPENDIX A 

Table A.1. Data of the pellet and oil consumption before the rebuilding. 
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Table A.2. Compensating for errant measuring days. 
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Tabell A3. The total monthly energy use of pellet, oil and in total. (The part that is 

dependent of variations in outdoor temperature). 

  

Time period 

2015 

Measured fuel 

consumption, oil 

(80%) 

Measured fuel 

consumption, pellet 

(80%) 

Measured fuel 

consumption, total 

(80%) 

  [MWh] [MWh] [MWh] 

January 12.30 (9.84) 72.05 (57.64) 84.35 (67.48) 

February 1.73 (1.38) 64.39 (51.51) 66.12 (52.90) 

March 1.38 (1.10) 61.61 (49.29) 62.99 (50.39) 

April 2.05 (1.64) 47.45 (37.96) 49.50 (39.60) 

May 4.68 (3.74) 38.05 (30.44) 42.73 (34.18) 

June 6.50 (5.20) 22.74 (18.19) 29.24 (23.39) 

July 2.87 (2.30) 16.01 (12.81) 18.88 (15.10) 

August 2.21 (1.77) 13.58 (10.86) 15.79 (12.63) 

September 5.49 (4.39) 26.80 (21.44) 32.29 (25.83) 

October 9.26 (7.41) 51.16 (40.93) 60.42 (48.34) 

November 2.46 (1.97) 57.31 (45.84) 59.77 (47.82) 

December 4.76 (3.81) 63.58 (50.86) 68.34 (54.67) 
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Table A4. Results from the normal year corrected data of 2015. 

  

Normal 

year 

Oil consumption 

[MWh] 

Pellet consumption 

[MWh] 

Normal year corrected 

consumption [MWh] 

January 15,09 88,42 103,51 

February 2 74,38 76,38 

March 1,6 71,76 73,36 

April 2,39 55,42 57,81 

May 4,62 37,56 42,18 

June 5,68 19,87 25,55 

July 2,1 11,73 13,84 

August 7,77 47,72 55,49 

September 6,57 32,1 38,67 

October 10,55 58,3 68,85 

November 2,44 56,8 59,24 

December 6,33 84,54 90,87 

  


