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Abstract

Solar Power at Bobygget

Amelie Bennich, Johanna Koch, Agnes Kristoffersson & Carolina Norberg

During the autumn of 2014 a project 
called Bobygget was initiated. The 
purpose of the project is to establish 
a future residential area in 
Herrljunga, where a sustainable and 
environmentally compatible lifestyle 
is fundamental. The purpose with this 
bachelor thesis was to, in 
consultation with Herrljunga 
Elektriska, investigate to what extent 
Bobygget could be self-sufficient from 
solar energy. Through PV systems at 
rooftops connected to a shared 
battery, a given ratio between 
produced energy and consumption in the 
area could be acquired. Calculations 
and simulations resulted in the 
required amount of bought energy for 
Bobygget as well as the potential sold 
energy to the grid. On account of a 
limited budget, this report was based 
on three different scenarios with 
different economic presumptions.
 
The economic presumption for each 
scenario determined the capacity of 
the battery, which had an impact on 
the grade of yearly self-sufficiency. 
The first scenario resulted in a 
battery capacity of 63.2 kWh which 
gave a self-sufficiency of 27 %. In 
the second scenario the battery had a 
capacity of 328 kWh which resulted in 
a self-sufficiency of 50 %. Since the 
third scenario had an unlimited 
budget, the capacity of the battery 
was determined by 100 % utilization of 
the produced energy. Therefore the 
battery acquired a capacity of 58 000 
kWh which gave a self-sufficiency of 
79 %. Consequently, Bobygget could not 
be completely self-sufficient by 
installing PV systems at rooftops 
regardless of budget and capacity of 
the battery. To be able to accomplish 
a self-sufficiency of 100 % an 
alternative solution is necessary.
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List of terms 

Albedo 

Albedo is the reflectance of ground and surroundings, which affects the total irradiance 

on solar modules. 

 

Azimuth angle 

This angle represents in what direction the installed solar module is directed relative 

south. A direction of 0° means straight towards south, 90° represent towards west and -

90° is towards east. 

 

Battery 

When this phrase is used in this report it refers to a battery bank, not a single battery. 

The capacity that is needed in the calculations in this report is very large and therefore 

it is not enough with one battery. 

 

Byhuset 

A collective building that will be established in the centre of Bobygget. This house is 

available for all the residents in the area and includes public sections like kitchen, 

washhouse, guest room and assembly hall. Will possibly also contain a part with 

conservatory for farming. 

 

Eco village 

Eco villages are communities whose goal is to live as sustainable as possible due to 

social, economic and ecological aspects. The project management of Bobygget has 

chosen not to call the future neighbourhood an Eco village but the similarities are 

many.   

 

Egenvillan 

Aside from the predefined house types Small, Medium and Large, the residents at 

Bobygget also have the opportunity to design a characteristic house type with their 

own preferences. This house type is called Egenvillan and will in this report be 

assumed to be the same size as the large house. 

 

Microgrid 

Is defined as a locally connected system of generators and loads. In this report the 

microgrid is represented by coordination between a PV system and a shared battery. 

 

Prospectus 

The predetermined project plan of Bobygget, with data and details over the future area.  

 

PV system 

Solar cells are often assembled to several modules that establish arrays and many 

arrays connected together is forming a PV system.  



4 
 

Self-sufficiency 

Percentage of total consumed electricity which does not have to be bought from the 

grid.  

 

Social sustainability 

The relationships and social interaction within a society or particular area. A social 

sustainability implies development of communication and cultural collaboration. 

  

U-value 

Thermal transmittance. Measures the heat flow through the building environment per 

m
2
 and per temperature unit. 
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1. Introduction 

Global warming, climate changes, ecological footprint and renewable energy are some 

expressions that frequently occur in and influence our lives. The world is facing 

problematic environmental issues as a consequence of increased world population and 

carbon dioxide emissions, among other impacts. To be able to achieve the latest 

climate targets, compiled during the UN Climate Change Conference in Paris 2015, 

each country and world leader needs to take responsibility and make necessary 

reforms. Development within the energy sector and expansion of renewable energy 

sources are central factors to maintain the climate convention. Many years of research 

have so far resulted in an increased global utilization of renewable energy sources, 

among them solar energy, which this bachelor thesis will focus on.    

  

By making use of the solar energy it is possible to provide renewable electricity which 

becomes increasingly important as the global need for energy increases. In Sweden, 

the winter half-year is not optimal for PV system installations and the electricity 

production is substantially reduced (Renewable Energy World, 2015). If households 

and neighbourhoods are going to be completely self-sufficient by using solar energy, it 

is essential to find a solution to this problem. A complement is therefore necessary 

which can be solved by using a storage device. On today’s global market, there exist 

potential solutions that can operate within limits, such as batteries (Resvik, Ågren, 

2016).  

  

Technical development can contribute to a better climate, but it is also important with 

an increased awareness among the world’s population as well as for each individual. 

The general understanding of the environmental problems that our and future 

generations are struggling against, has grown in recent years. Everyday routines have 

commenced to be exchanged and replaced by other, more environmentally acceptable 

alternatives. Cycling to work, driving electric cars, pre-separating at source and buying 

ecological food are no longer peculiarities in the society. This climate awareness has 

also resulted in a development of a kind of urban structure, so called Eco villages 

(Bülow, 2016). By, for example, installing renewable energy sources, using energy 

effective materials in houses and farming, people living in these societies achieve 

ecological sustainability.  

  

The interest in this social structure has expanded in Sweden as well. In Herrljunga, a 

small town in the county of Västra Götaland, a project called Bobygget was launched 

in 2014. By farming their own food, building energy-saving passive houses and 

installing solar modules on rooftops, the society intends to be as self-sufficient as 

possible. Behind a project of this sort, an integrated and detailed planning is required 

where many factors must coincide. This bachelor thesis will examine the potential PV 

system for Bobygget and investigate a possible storage solution. 
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1.1 Aim of the Study 

The purpose of this project is to investigate to what extent the households at Bobygget 

can be self-sufficient of solar energy. The study will investigate solar modules on 

rooftops in combination with batteries, as storage device, connected through a 

microgrid. Three different scenarios will be studied based on various economic 

conditions.   

 

The questions that will be answered are:  

 

 To what extent is it possible for Bobygget to be self-sufficient through solar 

power in combination with a shared battery? 

o How big will the production of solar power for the three scenarios be in 

contrast to the consumption? 

o Which of the three scenarios can be regarded as the most suitable for 

Bobygget? 

o How would solar power combined with a shared battery work as a 

solution for Bobygget today?  

1.2 Limitations 

This bachelor thesis has exclusively focused on the area that Bobygget in Herrljunga 

contains. The study will provide a basis for the energy system at Bobygget, and 

therefore terms and assumptions were made from Bobygget’s prospectus with the 

expected house sketches and placing. The solar modules were only placed on rooftops. 

The number of houses and the type of solar cells were fixed and was together seen as a 

total unit. This limits the general applicability of the work but gives a more specific 

answer for Bobygget. The grid was expected to be prepared for a PV system.  

 

Since the client Herrljunga Elektriska AB has a limited budget three different 

economic scenarios were investigated; for Scenario 1 each household had 50 000 SEK, 

Scenario 2 each household had 200 000 SEK and for Scenario 3 there was an 

unlimited budget. The first scenario was based on the expected budget from Herrljunga 

Elektriska. The second scenario was based on the upper limit budget for each 

household. The last scenario represented the optimal conditions supposing there were 

no economic limitations. The economic aspects in this report are only an estimated 

interpretation of what a project like this may cost, no deeper economic analyse is done. 

The project did not take future climate change in consideration. Furthermore, no life 

cycle analysis was made in this project.  

1.3 Report Outline 

The report begins with a background, Section 2, where the project Bobygget is 

presented as well as the concept behind microgrids, solar cells and batteries. Thereafter 

there is a section about the used methodology and data, Section 3. The models used in 
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this study are explained and how the data was extracted. Thereafter the results are 

presented according to the three scenarios, Section 4. This section also includes a 

sensitivity analysis that investigates an additional placing of the households. Lastly a 

discussion, Section 5, regarding the results is presented as well as a conclusion, 

Section 6. 
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2. Background 

In this section of the report necessary background information is presented. First the 

project Bobygget and its purpose are presented. After that the technical specifications 

of microgrids, solar cells and batteries are explained and how they can be combined.  

2.1 The Project Bobygget 

2.1.1 Bobygget 

In autumn of 2014 the project Bobygget was launched and developed through 

workshops and discussions with people interested in the future residential area in 

Herrljunga. The plan is to create a district where a pleasant community, farming and 

sustainable lifestyle are in focus. During the development process, several intentions 

and design details of the project have been defined. From an economic and social 

perspective the area needs to contain at least 20 households and a collective building 

will be stationed in centre. The collective building is called Byhuset and operates as a 

locale for common activities as well as conservatory for farming. It will contain an 

isolated part where washhouse, guest room, assembly hall and kitchen will be located. 

The conservatory section of Byhuset is directed towards south due to the sun. Each 

household in the district will have an allotment in this central meeting point and 

cultivated land (Bobygget, 2015a). 

  

Since the residential area will be inhabited by people in diverse phases in life, there 

will be three different sizes of houses; Small, Medium and Large. There is also a 

possibility to build a house designed by the residents own requirements and requests. 

This house type is called Egenvillan. To receive a coherent impression of the area, all 

types of houses are composed with same foundation, kitchen and details like windows 

and doors (Bobygget, 2015a). 

  

As mentioned before, at least 20 households and therefore about 30 people are 

required for an implementable project but the area contains a maximum of 30 houses. 

The project management of Bobygget has chosen not to call the future neighbourhood 

an Eco village, but their prospectus shows many similarities to this sort of living. Eco 

villages often build their houses with eco-friendly, energy effective materials. It is also 

common that Eco villages locally produce renewable energy such as wind or solar-

power. For Bobygget a key part of the electricity consumption in the area will be 

produced by solar cells. Some Eco villages have opportunities for self-catering, such 

as farming and animal husbandry which also is a similarity with the ideas for this 

project (Ekoby, 2016). Both outside and inside Byhuset, spaces and different functions 

are shared among the inhabitants which results in a collective social sustainability 

(INSS - Integrated Network for Social Sustainability, 2016). Because of the climate-

smart materials in the buildings and the use of renewable energy, ecological 

sustainability is achieved as well (Bobygget, 2015b). 
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2.1.2 Passive Houses 

The houses that will be built in Bobygget are so called passive houses. Passive houses 

are built with certain techniques to make them as energy-saving as possible. The 

savings are done by building well-insulated houses which minimizes the heat losses 

through walls, roof, windows and doors, with a so-called building envelop. Other 

methods to save energy are through effective ventilation and through gathering up 

emitted heat from electrical devices, the people living in the houses and solar radiation. 

How well insulated the buildings are specified with a U-value that measures the heat 

flow through the building environment per m
2
 and per temperature unit, it reflects the 

difference between indoor and ambient (The NBS, 2015)(Villa Varm, 2016a). Passive 

houses have different maximum levels of energy consumption depending on which 

climate zone the house is built in. There are three climate zones in Sweden. Herrljunga 

is situated in climate zone 3 where the maximum level of electricity consumption for 

houses under 400 m2  is 27 kWh per m
2
 and year. The passive houses in this report use 

an exhaust air-heat pump for the heating and ventilation system (Villa Varm, 2016b). 

2.1.3 Exhaust Air Heat Pump  

The exhaust air heat pump is a sort of air heat pump powered by electricity. This kind 

of heat pump operates by heating the cold outdoor air passing through the ventilation 

in the house. The heat is disseminated by radiators, floor heating or fans to get 

allocated in the entire house. Through ventilations in the kitchen, bathroom and 

washhouse the used air from household appliances are conducted back to the pump to 

be reproduced again (GreenMatch, 2016).   

 

A significant difference between an exhaust air heat pump and other kinds of air heat 

pumps is that its efficiency depends on the outdoor temperature, and varies over the 

year. More energy can be extracted at a higher temperature, which means that the 

pump is not adaptable through the whole year. The optimal kind of exhaust air heat 

pump has a COP (Coefficient of performance) of 3, which implies that the pump 

produces three times as much heat as it consumes electricity. By using this pump the 

energy cost for a household can be reduced by 50-70 %. On account of the high COP-

value for these kinds of heat pumps, it is most appropriate to use them in houses with 

high heat consumption (GreenMatch, 2016). Therefore, they are not optimal in the 

passive houses that are applied in this project. Nevertheless, the project management 

for Bobygget chose this solution due to economic reasons and to provide the buildings 

with a ventilation system and a production of hot water (Mannikoff, 2016a). 

2.2 Technical Overview 

2.2.1 Microgrids 

A microgrid is defined as a connected system of generators and loads. The grid is 

connected to AC power sources where at least one of them is a renewable energy 

source. The microgrids are usually connected to solar modules and are often isolated 
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systems. The system can also be integrated and connected with the utility grid. This 

way the system can provide a limited area with power from multiple sources (IEC, 

2014, pp. 41-43).   

 

The microgrid system is also often connected to some sort of energy storage device, 

such as a large battery, whose function is to both store the energy when there is a 

surplus of electricity and to provide the system with energy when there is a deficit. To 

the device, there is usually an inverter that transforms the DC power, for example the 

solar cells, to AC power. If the generated power exceeds both the connected loads and 

the storage capacity the power will instead be transferred to the utility grid. It is 

important that the system has a good balance between consumption and production 

(IEC, 2014, pp. 41-43).   

         

By maintaining this balance between self-produced power in combination with 

purchased power from the utility grid, the isolated area with the connected loads is 

overall a balanced and robust system. Therefore the system as a whole is more robust 

when errors occur in the large electrical system (IEC, 2014, pp. 41-43). When the 

isolated area consists of several residences, as in this report, the shared storage 

capacity can be noticeably reduced compared to the capacity needed if the residents 

use individual storage (Widén, J., Munkhammar, J, 2013, p. 1000). In this report the 

microgrid at Bobygget will therefore consist of a shared battery connected to a PV 

system as energy source.  

 
Figure 1. Local microgrid with PV system and shared battery.  

2.2.2 Solar Cells 

Solar cells use the solar irradiance to produce electricity. The solar cells consist of a 

thin plate or film made of semi-conductor material. The cells are constructed to induce 

a voltage difference between the front and back of the cells as the sun hits the surface 

of the cells, which enables it to produce electricity (Solelprogrammet, 2016a). There 

are two different types of solar cells dominating the solar cell market today; crystalline 
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silicon solar cells and thin film solar cells. The crystalline silicon solar cell holds 

approximately 80 % of the market and the thin film solar cell holds the remaining 20 

% (Wolf, 2011, p.6). 

  

Crystalline silicon solar cells consist of thin layers of silicon. A single solar cell only 

provides a low voltage, and is fragile and sensitive to moisture. To achieve a higher 

voltage the single cells are connected in series and thereafter encapsulated in a 

laminate. The encapsulating protects the cells from moisture and mechanical strains. 

There are two different types of crystalline silicon solar cells used today; 

monocrystalline cells and polycrystalline cells. The polycrystalline cells are the most 

common type of solar cells and are also the type that will be used at Bobygget (Wolf, 

2011, p.6).  

2.2.3 Price Trend of Solar Cells 

Between 2010 and 2014 the price of PV systems decreased to a quarter of its price 

while the capacity increased. The price for the individual modules and a complete 

system were in 2014 about 1.00 SEK per W and the installed capacity were 36.2 MW, 

which were almost twice as much as in 2013. The produced solar power in 2014 was 

estimated to 75.0 GWh per year, which represented approximately 0.06 % of the total 

electricity consumption in Sweden the same year (Lindahl, 2014a). The price of the 

PV modules is expected to decline continuously the following years, in 2020 the prices 

is anticipated to have fallen by 50 % of the price in 2013 (EPIA, 2013). The Swedish 

government can, as several other countries, provide a financial support to those who 

install PV systems. In 2015 the support level from the state was up to 30 per cent for 

companies and up to 20 % to the rest, depending on county (Energimyndigheten, 

2016). 

2.2.4 Potential for Solar Cells in Sweden  

The conditions for solar cells in Sweden are relatively good, despite the Scandinavian 

climate and latitude. In 2014 the total electricity production from solar cells was 

approximately 66 GWh (Lindahl, 2014b, p.7). Until year 2020 the installed solar 

power is expected to reach 4 TWh (Wolf, 2011, p.9). The potential for solar power is 

promising and the production is expected to keep increasing. The electricity 

production from solar cells have potential to reach between 20-80 TWh per year, 

where the total electricity consumption in Sweden is approximately 120 TWh per year 

(Kjellsson, 2000, p.10)(Energimyndigheten, 2016b). 

 

In Sweden the yearly solar radiation lies between 800-1000 kWh per m
2
. It resembles 

the conditions in Germany, one of the world’s leading countries within solar energy 

today. Under these conditions a solar cell can generate about 50-150 kWh electricity 

per m
2
 and year, depending on which kind of model and system it is. The climate in 

Sweden works as an advantage since the efficiency of the solar cells increases at lower 

temperatures (Svea Solar, 2015). During a cloudy day the solar cells still works, but 
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can only deliver half of its capacity compared to a sunny day. During the winter half-

year the angle of the sun is too low, therefore other complementary solutions might 

have to be considered (Wolf, 2011, p.9). 

2.2.5 Storage Device - Batteries 

A battery has the ability to convert chemical energy to electrical energy and is used as 

storage for energy. The battery consists of several electrochemical cells connected 

together. Each cell consists of two electrodes separated by an electrolyte, a liquid 

which transmit electricity (Electical4u, 2016). One of the electrodes is a positive 

terminal, cathode, and the other a negative terminal, anode, which creates a potential 

difference. The anode releases electrons which the cathode receives. When a battery is 

discharged there is no potential difference and no electrons can move through the 

battery (Scientific American, 2006). 

  

There are two different types of batteries; primary and secondary batteries. The 

primary batteries are non-rechargeable and when the supply of electrons is exhausted it 

is not possible to restore energy in the battery. The secondary batteries on the other 

hand are rechargeable. The process of recharging works as a reverse discharging 

process (Scientific American, 2006). In this study, only secondary batteries are 

relevant.  

2.2.6 Environmental Impacts  

Even though solar cells contribute to small emissions of greenhouse gases compared to 

many other energy resources, there are other environmental impacts that are important 

to take into consideration. The largest impact occurs in the production process of solar 

cells. Many materials in the solar cell are rare metals and the extraction affects the 

environment. Solar cells have large emissions of nitric oxide and use more copper 

compared to other energy sources. The production of solar cells is also very energy-

demanding. Compared to other energy sources solar cells have very small emissions of 

greenhouse gases though, since while operating the emissions from the solar cell 

equals zero (Wolf, 2011, p.10). 

 

As well as for solar cells, batteries have an environmental impact that is important to 

consider. The development of batteries as a storage device has been rapid and is still 

going on continuously. A continued technological development is expected in the 

battery industry, it is therefore difficult to foresee how big the environmental impact 

will be in 20 years or further on. As for today, there are risks from a chemical 

perspective regarding the manufacturing phase of lithium-ion batteries. The chemical 

impacts include water pollution and a large energy consumption that occurs during the 

extraction of metals (Resvik and Ågren, 2016, pp. 33). To examine the environmental 

impacts of the batteries, it is important to investigate how and where the batteries are 

manufactured. Today an increasing proportion of batteries are made in China where a 

big amount of fossil fuels are used in the energy mix (Resvik and Ågren, 2016, pp. 
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10). There are various forms of lithium- ion batteries with different compounds of salts 

including nickel and cobalt, and other metals containing toxic that can be impeached 

from both a health and environmental aspect. Cobalt and nickel have great 

environmental impacts and it is therefore important to develop batteries with other 

alternative metals, such as manganese and iron. In order to reduce environmental 

impact it is also important to recycle the used batteries and metals. Today, only some 

of the metals do get recycled where lithium and aluminium is not included. The large-

scale recycling must be developed vigorously in order to improve the environmental 

aspects and to reduce the energy consumption (Resvik and Ågren, 2016, pp. 33).    
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3. Methodology  

In this section of the report the used methods are explained and why they have been 

chosen. First an overall explanation is made of how the study has been carried out. 

Thereafter the used data for calculating energy consumption and production are 

presented. At last the sensitivity analysis is explained. 

3.1 Methodology Overview 

This report is based both on literature studies and results simulated from numerically 

based computational models implemented in MATLAB. The MATLAB-program 

Solrad, developed at the Department of Engineering Sciences at Uppsala University, 

was the basis for the calculations of the power production from the solar cells. Some of 

the input parameters were predefined values: solar irradiance at Herrljunga, the 

efficiency of the solar cells and the maximum power of the system [Wp]. Others had to 

be calculated or found elsewhere: gradient of rooftops, azimuth angle, albedo value, 

the number and area of needed modules and reduction for obstacles and shadings. 

These parameters are explained below. Many of the values regarding the households 

and Byhuset were found in the prospectus for Bobygget. The energy consumption was 

based on hourly data from energy-saving households in Herrljunga, which was 

matched with each house type at Bobygget. To be able to include the battery in the 

calculations, another MATLAB-script was applied. This script could compile the 

produced electricity compared to the electricity consumption on an hourly basis. 

Therefore the overproduction and underproduction of solar power could be determined 

and the amount of bought and sold electricity was calculated. 

3.2 Budgets for the Three Scenarios 

The study was divided into three different scenarios based on various budgets, see 

Table 1. In all scenarios the budget was supposed to include the costs for both solar 

modules and a shared battery. In Scenario 1 the budget was 50 000 SEK per 

household. Ten solar modules were installed on all rooftops, independent of house 

type or azimuth angle. In Scenario 2 the budget was 200 000 SEK per household. In 

this scenario the number of modules was maximized on each rooftop. In Scenario 3 

there was no limited budget for the project and the amount of modules on the rooftops 

was maximized here as well. In this scenario however, the calculations also included 

solar modules on the rooftop of Byhuset. The budgets did not include installation costs 

nor financial support from the government. The capacity of the batteries in Scenario 1 

and 2 were based on the budget left after installing the solar modules. In Scenario 3, 

the capacity of the battery was chosen to cover all overproduction. 

 

  



15 
 

Table 1. Total budgets for the three scenarios and the costs for the solar modules and 

the battery.  

 Total budget [SEK] Total cost for modules [SEK] Budget left for battery [SEK] 

Scenario 1 1 000 000 400 000 600 000 

Scenario 2 4 000 000 880 000 3 120 000 

Scenario 3 Unlimited 1 020 000 Unlimited 

3.3 Calculations for Electricity Consumption 

3.3.1 Buildings 

There are five different house types that will be built at Bobygget: Small, Medium, 

Large, Egenvillan and Byhuset. In this study Egenvillan was assumed to be the same 

size as the Large house type and was calculated similarly. To simplify the calculations 

of size and rooftop angle for Byhuset, assumptions were made which implied that the 

part with conservatory was removed and built detached instead. Therefore, all the 

rooftop area of Bobygget could be used for solar modules. This would have been 

impossible if the house partly was a conservatory with glass ceiling. The rooftop area 

and angle for Byhuset was therefore based on the size defined in the prospectus. The 

isolated part (130m
2
) was added to the conservatory part (105m

2
), which resulted in a 

total size of 235 m
2
. Because of the limited budget solar cells on Byhuset was not 

included in the calculations in Scenario 1 and Scenario 2. The sizes and quantity of all 

five house types can be seen in Table 3.  

3.3.2 Electricity Consumption 

To estimate the electricity consumption for the houses in the area, the calculations 

were based on data compiled by Herrljunga Elektriska from 2014. They created 

different profiles, representing three family types with diverse electricity consumption: 

couple at age 55-65, couple at age 45-55 and family with two children. The data 

indicated the hourly consumption for each profile during two years. The households, 

which the data is based on, were energy-saving houses in Herrljunga with an exhaust 

air heat pump. The houses at Bobygget will be passive houses, not energy saving, and 

therefore the consumption for the households will be at upper edge contra reality. The 

people that will live at Bobygget can be assumed to be environmentally conscious but 

they will, according to the prospectus of Bobygget, work at home to a large extent. 

Therefore, their electricity consumption can be assumed to correspond to these 

profiles. 

 

Each consumption profile was matched with one of the house types. Since the Small 

house has room for two people, the profile “couple, age 55-65” was most suitable. For 

the Medium house, the profile “couple, age 45-55” was chosen because it has room for 

two-three people and it was regarded likely that a couple in this age may have a child 
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living at home. The Large house and Egenvillan was matched with the profile “Family, 

2 children” as it is suitable for families to live in the largest house types. Since the 

consumption was calculated for the whole area as a system and not for each house 

separately, it was considered appropriate that the electricity consumption for Byhuset 

was represented by the consumption of 2 family-profiles. The activities in Byhuset will 

probably involve more than 8 people, but simultaneously the consumption in each 

household are reduced during these activities and therefore the total consumption will 

be well-represented. From the profiles the consumption per m
2 

was calculated and 

could be applied on the fixed house areas. All this information can be found in Table 2 

and Table 3. 

 

Table 2. Data over different house types, the profiles living in them and the 

consumption for each house. 

House type Size [m
2
] Residents Profiles Yearly consumption [kWh] 

Small 60 2 Couple, age 55-65 4 390 

Medium 84 2 Couple, age 45-50 5 950 

Large/Egenvillan 120 4 Family, 2 children 9 880 

Byhuset 235 8 4 adults, 4 children 38 700 

 

Table 3. Data over total size of the different house types, total number of residents and 

the total consumption for each house type. 

House type Quantity Total size [m
2
] Total residents Total yearly consumption 

[kWh] 

Small 8 480 16 35 100 

Medium 3 252 6 17 800 

Large/Egenvillan 9 1 080 36 88 900 

Byhuset 1 235 8 38 700 

3.4 Calculations for Electricity Production from Solar Cells  

3.4.1 Solar Cells 

The solar cells that were chosen in this report are included in ”The solar cell economy 

pack” from Herrljunga Elektriska and is called Green Triplex PM060P00 (Herrljunga 

Elektriska, 2016a). The PV modules have an efficiency of 16.7% and a maximum 

power of 270 Wp. Each module is 1.61 m
2
 and made of 60 polycrystalline cells per 

module (Herrljunga Elektriska, 2016c). The package contains a power inverter with an 

efficiency level at 98.1% at the most (Herrljunga Elektriska, 2016b). The package was 

chosen because they are relatively cheap in relation to their high quality. Since all the 

produced energy will be collected in the shared battery, there is no need of a power 
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inverter for every household. The price for the economy solar cell package with 20 

modules was 64 500 SEK, but this price was reduced without the power inverter. 

Therefore the price for each module was determined to 2000 SEK per module 

(Mannikoff, 2016b).     

3.4.2 Solar Irradiance 

This is a denomination for the amount of solar energy that illuminates a certain area at 

a given time and specifies generally by the unit kWh/m
2
. There are two different kinds 

of solar irradiance; direct and diffuse solar irradiance. The direct solar irradiance 

emerges when the sun can shine without being covered by clouds or other objects. The 

diffuse solar irradiance depends on particles and clouds in the atmosphere. Therefore, 

the irradiance is entirely diffuse when the sky is completely clouded but it still 

contains energy that can be used in solar cells. In Sweden, approximately 45-65% of 

the solar irradiance is diffuse (Ssolar, 2010). In this study the solar irradiance data for 

Herrljunga was collected from the software Meteonorm 5.0. The data represent an 

average year over solar irradiance for Herrljunga, based on registered irradiance from 

1960 to 1990 (Meteonorm, 2016). 

3.4.3 Albedo 

Albedo is a value for the ground reflections and surroundings that affect the total 

irradiance on the solar panels. From March to September the value was set to 0.2 and 

from October to February, the value was set to 0.5. Because of factors like snow and 

ice the value increases in the winter (Solelprogrammet, 2016b). 

3.4.4 Azimuth Angle 

This angle represent in what direction the solar module is positioned relative south. A 

direction of 0° means due south, 90° represent towards west and -90° is towards east 

(Solelprogrammet, 2016c). The optimal direction for houses with a PV system is an 

azimuth angle of 0°. If the house and its solar cells are placed towards southwest or 

southeast instead, the yearly production of solar energy will decrease by 6% (Svea 

Solar, 2013). In the simulations, the houses were placed like a bow according to 

Bobygget’s prospectus, see Figure 2, to get as consistent production as possible over 

the day. The different angles for the different houses is also shown in Figure 2. 
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Figure 2. Azimuth angles for the houses, where the residences are illustrated by the 

squares. 

3.4.5 Gradient of Rooftops 

The amount of produced energy that can be acquired from the solar modules depends 

partly on the gradient of the rooftops. The optimal gradient is approximately 40°. If 

this value would differ by +/- 10° it results in a reduction of produced energy by 2% 

(Svea Solar, 2013).  

Figure 3. Calculation for the rooftop angles on the buildings. 

 

The rooftop angle was calculated by equation (1).  

 

𝜙  = 𝑎𝑟𝑐𝑐𝑜𝑠(𝑏 2⁄

𝑎
)       (1) 
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For the residential buildings b was 5.4 meters and a was 4 meters, which resulted in a 

rooftop angle of 47.5°. Since it is a reasonable angle for the solar modules, they could 

be installed directly on the rooftops. For Byhuset b was 12.6 meters and a was 7.4 

meters which gave a rooftop angle of 31.6°. 

3.4.6 Module Area at Rooftops 

The areas of the rooftops were measured from the drawings in the prospectus. The 

total rooftop area was not included since the solar modules were only installed on one 

side of the rooftops. Furthermore, the estimated power did not take into account any 

shading objects, like trees or chimneys, on the solar cells. This could be assumed since 

these objects can be avoided during the house constructions.  

 

The size of one solar module was 1.64 x 0.983 which gave the area 1.61 m per module 

(Herrljunga Elektriska, 2016b). The total area of the PV system was different 

depending on the three scenarios. According to the “solar cell economy pack” at 

Herrljunga Elektriska the smallest package contained 20 modules where each module 

cost 2 000 SEK. In Scenario 1 the households could not afford a whole package since 

there needed to be money left for the battery. Therefore only ten modules were 

installed at each house. In Scenario 2 the houses were able to maximise the amount of 

modules on the rooftops. This amount was used in Scenario 3 as well, but they also 

added solar modules at the rooftop of Byhuset.  

 

 Table 4. Rooftop- and module area for the different house types and scenarios 

House type Rooftop area/house 

[m
2
] 

Total module area 

Scenario 1 [m
2
] 

Total module area 

Scenario 2 [m
2
] 

Total module area 

Scenario 3 [m
2
] 

Small 27.9 129 206 206 

Medium 36.9 48.3 96.6 96.6 

Large/ 

Egenvillan 

51.3 145 406 406 

Byhuset 123 - - 113 

Total 

module area 

 322 708 821 

3.5 Battery 

3.5.1 Box of Energy 

On account of proposals from Herrljunga Elektriska there were two types of batteries 

to choose from: Tesla and Box of Energy. This report only investigates the battery 

types from Box of Energy due to their lower price. According to the CEO for Box of 

Energy the price for the battery was 9500 SEK per installed kWh, a price that includes 
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both installation and freight. These are lithium-ion batteries and are expected to last for 

about 20 years (Box of Energy, 2015). 

3.5.2 State of Charge 

A simple MATLAB-program Battery, developed at the Department of Engineering 

Sciences at Uppsala University, was applied to get the state of charge in the shared 

battery at every hour during a year. The output data also indicated the power from/to 

the battery and the power from/to the grid at each hour. The script did not consider 

which type of battery that was implemented. The required input data was the 

electricity production from the solar cells and the electricity consumption from the 

households at every hour. The parameters set in the model where the storage capacity, 

the minimum state of charge (SOC), the efficiency for charging and the efficiency of 

discharging. The storage capacity was different in the three scenarios since it depended 

on the remaining budget after expenses for the solar modules. These values are 

introduced in the result. The SOC value was set to 0.4, which represent 40% of the 

maximum capacity, and both efficiency-values were set to 0.9 (Widén and 

Munkhammar, 2013). The output data that submits the power from/to the grid 

indicates the net electricity production. The overproduction is sold to the grid and 

when underproduction occurs it is required to buy electricity. By collecting the 

corresponding market price it was possible to calculate the total price for buying and 

selling electricity during a year. The selling price, collected from a yearly average 

from 2015, was chosen to 0.212 SEK per sold kWh (Nord Pool, 2015). The buying 

price, which was estimated from the prices in Herrljunga in May 2016, was 0.716 SEK 

per bought kWh (Herrljunga Kraft, 2016). 

3.6 Sensitivity Analysis 

The azimuth angles affect how much power that can be produced by the solar cells. 

According to Bobygget’s prospectus, the houses were placed in a bow (see Figure 2 to 

match the production with the consumption behaviour. To investigate how the 

orientation of the houses would affect the power that would have to be bought and 

sold, the azimuth angles were altered. The original orientation of the houses was 

compared to if all houses would have been placed to the south and if the houses would 

have been placed to east/west. The orientations to south and east/west were chosen 

since it would represent two extreme cases. The sensitivity analysis was only made on 

one scenario since it was enough to study the azimuth angles impact on the results. 
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Figure 4. All houses oriented to south, Scenario 2. Byhuset was not included in the 

calculations. 

 

 

 

Figure 5. Houses oriented to east and west, Scenario 2. Byhuset was not included in 

the calculations. 

 

Table 5. The placement of the houses when orientated to east and west, Scenario 2. 

Direction Small Medium Large/Egenvillan Byhuset Module area [m
2
]  

90 West 8 3 1 - 348 

-90 East - - 8 - 361 
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4. Results 

In this section of the report the results from the study are presented. First the results 

for the three different scenarios are introduced. For each scenario the figures over 

production and consumption are shown. Cost and capacity for the batteries are also 

presented, as well as the figures over how much power they need to buy and sell for 

each scenario. Thereafter the economic aspects for the scenarios are submitted. Lastly 

the results from the sensitivity analysis are presented. In the sensitivity analyse, the 

orientation of the houses have been altered to study how the azimuth angle affects the 

results.  

4.1 Scenario 1 

In Scenario 1 the budget was 50 000 SEK/household. On each rooftop ten solar 

modules were installed, see Table 5, and a battery with the capacity of 63.2 kWh was 

used in the micro grid. The placement of the houses and the rooftop angles were based 

on the prospectus from Bobygget. 

 

Table 5. The total budget for Scenario 1 and costs for the solar modules and battery.  

 Total budget [SEK] Total cost for modules [SEK] Budget left for battery [SEK] 

Scenario 1  1 000 000 400 000 600 000 

 

The following figure shows the produced solar power compared to the consumption at 

Bobygget. The figure shows the production and consumption over a year. As the figure 

shows, the consumption was larger than the production for every month during a year. 

In July the negative net power was at its lowest. 

 

 
Figure 6. Total consumed and produced power for each month at Bobygget, Scenario 

1. The staple Net represents the difference between production and consumption. For 

detailed values see Appendix, Table 11. 
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With the battery used in Scenario 1, Bobygget could be self-sufficient to 27 % of the 

total yearly consumption. Consequently 73 % of the consumed energy had to be 

bought from the grid during a year. The following figure shows how much of the 

produced power that was sold and how much of the consumed power that was bought 

for each month. As the figure shows, energy had to be bought to a large extend. From 

October to April, none or a small amount of power could be sold. Due to the small 

capacity of the battery, the overproduction during the summer months had to be sold to 

a large extent. 

 

 
Figure 7. Sold power compared to produced power and bought power compared to 

consumed power, Scenario 1. For detailed values see Appendix, Table 12. 

4.2 Scenario 2 

In Scenario 2 the budget was 200 000 SEK/household. On each rooftop the maximum 

amount of solar modules was installed, see Table 6, and a battery with the capacity of 

328 kWh was used in the micro grid. The placement of the houses and the rooftop 

angles were based on the prospectus from Bobygget. 

 

Table 6. Total budget for Scenario 2 and costs for the solar cells and battery.  

 Total budget [SEK] Total cost for modules [SEK] Budget left for battery [SEK] 

Scenario 2  4 000 000 880 000 3 120 000 

 

 

The following figure shows the produced solar power compared to the consumption at 

Bobygget. The figure shows the production and consumption over a year. As the figure 

shows the consumption was larger than the production from October to March. From 

April to August the production was larger instead. In July the overproduction was 10 

000 kWh, which meant that the production was almost twice as high as the 

consumption. In September there was almost no net power. 
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Figure 8. Total consumed and produced power for each month at Bobygget, Scenario 

2. The staple Net represents the difference between production and consumption. For 

detailed values see Appendix, Table 13. 

 

With the battery used in Scenario 2, Bobygget could be self-sufficient to 50 % of the 

total yearly consumption. Consequently 50 % of the consumed energy had to be 

bought from the grid during a year. The following figure shows how much of the 

produced power that was sold and how much of the consumed power that was bought 

each month. As the figure shows, almost no power had to be bought from June to 

August. From October to March, none or a small amount of power was sold. Although 

the capacity of the battery was higher for this scenario than Scenario 1, the 

overproduction had to be sold to a large extent due to more solar modules and thereby 

larger solar power production. 

 
Figure 9. Sold power compared to produced power and bought power compared to 

consumed power, Scenario 2. For detailed values see Appendix, Table 14. 
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4.3 Scenario 3 

In Scenario 3 the budget was unlimited. On each rooftop the maximum amount of 

solar modules was installed and Byhuset’s rooftop was included in the calculations, 

see Table 7. A battery with the capacity of 58 000 kWh was used in the micro grid. 

The placement of the houses and the rooftop angles were based on the prospectus from 

Bobygget. 

 

Table 7. Total budget for Scenario 3 and costs for the solar modules and battery.  

 Total budget [SEK] Total cost for modules [SEK] Budget left for battery [SEK] 

Scenario 3 Unlimited 1 020 000  Unlimited 

 

 

The following figure shows the produced solar power compared to the consumption at 

Bobygget. The figure shows the production and consumption over a year. As the figure 

shows, the consumption was larger than the production from October to March. From 

April to September the production was larger instead. In this scenario the highest 

production occurred in July as well, where the total produced energy was 13 200 kWh 

higher than the consumption for the same month.  

 

 
Figure 10. Total consumed and produced power for each month at Bobygget, Scenario 

3. The staple Net represents the difference between production and consumption. For 

detailed values see Appendix, Table 15. 

 

With the battery used in Scenario 3, Bobygget could be self-sufficient to 79 % of the 
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for each month. As the figure shows, almost no power had to be bought from April to 

December. No power was sold due to the large capacity of the battery. 

 

 
Figure 11. Sold power compared to produced power and bought power compared to  

consumed power, Scenario 3. For detailed values see Appendix, Table 16. 

 

The following figures show the days with the most net consumption and net 

production during a year for Scenario 3. This was relevant to study since the capacity 

of the battery had to cover all overproduction. Similar figures for Scenario 1 and 2 can 

be found in Appendix, see Figure 21, 22 and Figure 23, 24. 

 

 
Figure 12. February 16th 2014, day with the most net consumption for Scenario 3. 
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Figure 13. May 23rd, day with the most net production for Scenario 3. 

 

In Scenario 3 the day with the most net consumption occurred in February 16
th

 and the 

day with most net production in May 23
rd

. These figures notably show the big variety 

in electricity production between the summer and winter months in Sweden. They also 

indicate the disparity in electricity consumption during the two seasons. The 

consumption is often centred at the hours when the production is lowest, and therefore 

much of the energy need to be bought from the grid. The 16th of February 2014 the 

consumption peaks appeared at 1pm and at 8pm. The peaks often appear during 

mornings and evenings and in the middle of the day the consumption decreases. The 

16
th

 of February 2014 occurred on a Sunday however, and it can therefore be realistic 

with an increased consumption around lunchtime. The figure from May 23rd shows 

the decreased electricity consumption that is common in Sweden during late spring 

and summer. The peaks at this day followed the same pattern as the peaks for February 

16
th

 and occurred during morning, lunch and evening.  

4.4 Economic Aspects  

In the following tables and figures the economic aspects are presented. In the first table 

the cost for the bought energy and the profit from sold energy are shown. The amount 

of sold and bought energy varied for the different scenarios due to various number of 

solar cells and capacities of the batteries. 

 

Table 8. Annual cost of bought and sold energy to and from the grid. 

 Yearly bought [SEK] Yearly sold [SEK] Yearly net cost [SEK] 

Scenario 1 84 100 2 880 81 200 

Scenario 2 57 200 7 740 49 500 

Scenario 3 24 200 0 24 200 
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Due to the high investment cost of the batteries, the following table presents the total 

cost for each scenario over 20 years. The column “Net cost in 20 years” includes the 

cost for the modules, the battery and the net energy cost for 20 years. 

 

Table 9. Total cost including investing cost and annual net cost over 20 years.   

 Acquisition value 

for modules [SEK] 

Acquisition value for 

battery [SEK] 

Net energy cost over 20 years 

[SEK] 

Net cost in 20 years 

[SEK] 

Scenario 1 400 000 600 000 1 620 000 2 220 000 

Scenario 2 880 000 3 120 000 989 000 4 990 000 

Scenario 3 1 020 000 551 000 000 483 000 553 000 000 

4.5 Self-sufficiency 

The amount of bought power affects in which degree Bobygget could be self-

sufficient. The figure below shows the degree of self-sufficiency for each month 

during a year for the three scenarios. In Scenario 1, Bobygget could not be self-

sufficient to 100 % any month during a year. In Scenario 2, Bobygget only was 

completely self-sufficient in July. For Scenario 3 on the other hand, Bobygget could be 

completely self-sufficient from May to November.  

 

 
Figure 14. Degree of self-sufficiency for the different scenarios. For detailed values 

see Appendix, Table 17. 
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In the table, the yearly degree of self- sufficiency, the month with the lowest self-

sufficiency and the month with the highest self-sufficiency for each scenario can be 

found. 

 

Table 10. Self-sufficiency for each scenario. The minimum and maximum degree 

represents the months with least and highest degree of self-sufficiency. For detailed 

values see Appendix, Table 17. 

 Yearly degree of  

self-sufficiency [%] 

Min. degree of  

self-sufficiency [%] 

Max. degree of  

self-sufficiency [%] 

Scenario 1 27 6 61 

Scenario 2 50 12 100 

Scenario 3 79 20 100 

4.6 Sensitivity Analysis 

The orientation of the houses was changed for Scenario 2. The following figures show 

the produced, sold and bought electricity for each orientation of the houses. For the 

houses placed to south, the production was largest for each month. Thereafter the 

houses with the original placement had the largest production and the lowest 

production had the houses to east/west.  

 

 

 
Figure 15. Produced power for the different orientations of the houses. For detailed 

values see Appendix, Table 18. 
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equal for each month, whereas the amount of sold power for east/west differed a lot 

between January and December. For this orientation there was no selling at all for five 

of the months, while the other two orientations only had one month without selling.  

 

 
Figure 16. Sold power for the different placing of the houses. For detailed values see 

Appendix, Table 19. 

 

Figure 17 shows that the south orientation had to buy least energy from the grid for 

most of the months. In May to August however, the houses placed to east/west had to 

buy least power. The required bought energy for east/west was higher than for the 

other two orientations from September to April though. The difference of bought 

power between south and ordinary was not that substantial for each month. 
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Figure 17. Bought power for the different placing of the houses. For detailed values 

see Appendix, Table 20. 

 

The following figure shows the self-sufficiency for each orientation of the houses. 

Most of the time the houses to south had the highest degree of self-sufficiency. From 

May to August the houses to east/west had the highest degree of self-sufficiency 

however. 

 

 
Figure 18. Degree of self-sufficiency for the different placing of the houses. For 

detailed values see Appendix, Table 21. 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M
o

n
th

ly
 E

n
e

rg
y 

[k
W

h
] 

Time [Month] 

Original

South

East/West

0,00%

20,00%

40,00%

60,00%

80,00%

100,00%

120,00%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Se
lf

-S
u

ff
ic

ie
n

cy
 [

%
] 

Time [Month] 

Original

South

East/West



32 
 

 

The following figure, Figure 19, show an average day in May and June to demonstrate 

how the production varied during a day for the different placement of the houses. The 

original orientation produces more electricity between 5pm to 9pm than the south 

orientation.   

 
Figure 19. Hourly produced solar power for the different placing of the houses, during 

an average day. 

 

 
Figure 20. Hourly produced solar power for the different placing of the houses, during 

hour 17 to 21 on an average day. 

  

-10

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25

H
o

u
rl

y 
En

e
rg

y 
[k

W
h

] 

Time [h] 

Original

South

East/West

The encircled area will  
be shown on a larger scale  

in following Figure 20 

0

5

10

15

20

25

30

35

40

17 17,5 18 18,5 19 19,5 20 20,5 21

H
o

u
rl

y 
En

e
rg

y 
[k

W
h

] 

Time [h] 

Original

South

East/West



33 
 

5. Discussion 

This section of the report discusses the results from the study. Each scenario is 

analysed as well as how viable the scenarios are for Bobygget. A general discussion 

regarding the sensitivity analysis is also made. Lastly possible sources of errors are 

discussed as well as potential future studies. 

5.1 The Scenarios 

Due to the small module area for the PV system in Scenario 1 the production never 

exceeded the consumption during the year, in contrast to the other two scenarios. The 

increased amount of solar modules had a large impact at the energy production in 

Scenario 2 and 3 which resulted in an overproduction from April to September. When 

comparing Scenario 2 and 3 the total monthly production differed by approximately 

3000 kWh during the summer months. This clearly shows which impact the solar 

modules on Byhuset had for the total production. During the winter months this 

disparity was not as clear since the solar irradiance, and consequently also the energy 

production, was much lower. 

  

The results indicated the significance of the battery capacity and how the grade of self-

sufficiency increased with a larger capacity. Since the energy consumption was the 

same for all scenarios the self-sufficiency depended on the amount of bought energy 

during a year. A larger capacity, like in Scenario 3, therefore resulted in a lower need 

of contributed energy from the grid. But although there was no limited budget in the 

third scenario, the yearly self-sufficiency did not reach 100 % for all months. 

Regardless if Bobygget would afford the largest battery and all the solar modules in 

Scenario 3, it would not have been possible to cover all the electricity consumption by 

produced solar power. To be completely self-sufficient in Scenario 3 another 

alternative would have been necessary, e.g. expanded areas with solar modules or a 

further reduction of electricity consumption in the households. 

  

The three scenarios that were investigated in this study were not equally representative 

for a project like Bobygget. The third scenario could not be seen as adaptable since all 

projects have a budget with a maximum value that needs to be considered. This 

scenario only indicated to what extent Bobygget could have been self-sufficient with a 

maximum amount of solar modules on the rooftops and a maximum utilization of the 

produced solar power. A battery with the capacity of 58 000 kWh would have cost 551 

million SEK which is an unreasonable amount of money to invest. Scenario 2 can be 

seen as a possible future scenario as the market price for solar modules and large 

batteries is decreasing. With a yearly self-sufficiency of 50 %, only half of the 

consumption would have to be bought which would result in a smaller environmental 

impact. With a possible development of the efficiency of the solar cells, the self-

sufficiency can increase additionally.  
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Considering today’s presumptions, the first scenario is the most applicable. The budget 

in this scenario was based on directions from Herrljunga Elektriska and could 

therefore be seen as the most realistic one. When investigating the economic aspects 

during a 20 year period, Table 9 indicated that Scenario 1 was the most profitable. In 

spite of the larger amount of bought electricity each year, the net cost in 20 years was 

much lower than for the remaining scenarios. For these scenarios this was caused due 

to the very expensive batteries which in a period of 20 years still were the dominating 

cost. It can therefore be presumed more economic sustainable to invest in a smaller 

capacity of the battery since 100 % self-sufficiency regardless was unfeasible to 

achieve. Scenario 3 could not be considered as a reasonable option from an economic 

aspect. The amount of required bought energy each year was relatively high in regard 

to the expensive battery, which presumably needs to be exchanged during the 20 year 

period as well. To be completely self-sufficient in the present situation, Bobygget 

would have to consider investigating additional alternatives to the solar modules. 

Adding further solar modules on other areas than the rooftops would probably not be 

optimal since it then would require a larger battery. It could therefore be beneficial to 

invest in a renewable energy resource with a more constant daily production. A more 

even daily production would result in a less dependency of a battery. 

5.2 Sensitivity Analysis 

Bobygget placed the houses like a bow, see Figure 2, to even out the solar production 

over the day. The purpose of that was to match the production with the consumption 

behaviour, i.e. not only produce energy in the middle of the day as the consumption 

then is lowest. If only one house would have been considered, the optimal orientation 

would have been to the south to maximize the solar power production. The houses 

directed to south had the largest production which is likely since the irradiance is 

largest to south. In our case however, all houses were regarded as one system 

connected through a microgrid. It means that the produced solar power could be used 

by all houses, independent of which house that produced it.  

 

As we could see from the results, the houses to south had to buy more energy than the 

other orientations during the summer. The houses to south produced most of their 

electricity during the middle of the day while the consumption was at its lowest, which 

resulted in a large overproduction. Due to the limited battery, all production could not 

be stored and had to be sold instead. For example was the original orientation better 

during May and June than the orientation to south. Their production of solar power 

was more disseminated during the day, even though the total production was lower, 

which was seen in Figure 19. With a larger battery though, the south orientation 

probably would have been better during these months as well. 

 

With the chosen battery in Scenario 2, Bobygget would have profited from placing the 

houses to south. For most of the year, they had to buy the least power each month. 

They also could sell the most solar power, which would have given an economic 
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advantage. This does not necessarily have to be true for another scenario though. With 

a smaller battery, we would probably have had further months where the houses to 

south had to buy the most electricity. In that case, it could have been better to place the 

houses according to Bobygget’s prospectus. As we saw in Figure 19, the houses 

placed to east/west have a lower but more disseminated production during a day. To 

further develop Bobygget’s idea with a production that matched the consumption 

behaviour, they could have had placed some houses directly to the east and west.  

5.3 Sources of Errors and Possible Future Studies 

This study is primarily applicable on Bobygget and was based on assumptions that 

may have contributed to diverging results. The calculations and simulations were 

based on data from the prospectus of Bobygget and Herrljunga, and may therefore not 

be representative for another location without supplying correspondent data. Factors 

that might have affected the results are the consumption profiles used for calculating 

the electricity consumption at Bobygget. These profiles were based on a few 

households and variations may therefore appear. These profiles were also based on 

energy-saving houses and not passive houses which were supposed to be established at 

Bobygget. Passive houses have lower electricity consumption than energy-saving 

houses. This means that the total electricity consumption calculated for Bobygget was 

a bit higher than the expected value in reality. As mentioned before, people living at 

Bobygget were expected to work at home to a large extent and will therefore have 

increased electricity consumption. Although, it was not certain that the consumption 

consequently will reach the values that are representative for the used profiles. This 

factor might have affected the grade of self-sufficiency as well. Since the consumption 

might have been lower the self-sufficiency could have received a better value.  

 

Another possible source of error was the data for the electricity consumption which 

only was based on one year, 2014. To receive a more comprehensive result, 

calculations and simulations for several years would have been preferable. The solar 

irradiance for Herrljunga was based on data collected during 30 years which can be 

considered reliable. Furthermore the applied prices for selling and buying electricity 

changes continuously on the market. Even though the changes are relatively small it 

might give a different result if the calculations for example were based on next month's 

values instead. It is also noteworthy that the battery type, Box of Energy, which was 

used in this report only represents one of many different types on the market. It is 

therefore not certain that this type is the most applicable and profitable one.  

 

There are several aspects that would be interesting to study further. Here follows some 

examples of possible future studies that could have contributed with further depth to 

our study. First of all, a more throughout economic analysis could have been done. For 

a project like Bobygget, the budget often is what limits the possibilities of the project. 

Another interesting aspect would be to study the possibility to use other power 

supplies. E.g. to what extent would Bobygget be self-sufficient if a wind power station 
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would have been used as well? It could also be relevant to study how the use of 

electrical cars at Bobygget would affect the consumption. It is likely that the residents 

at Bobygget are going to use some means of transportation, and electrical cars are a 

reasonable alternative. Furthermore a life cycle assessment could be done to study the 

environmental impact the solar cells and battery would have. 
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6. Conclusion 

 

As this study has shown, Bobygget could not be completely self-sufficient by 

installing solar modules on the rooftops. The total produced solar power during a year 

did not correspond to the total yearly consumption, even if all potential rooftop area 

was used for solar modules. This means that even if a battery with a very large 

capacity was used, as in Scenario 3, Bobygget could only be self-sufficient to 79 % on 

a yearly aspect. It would however make it possible to utilize the produced solar power 

to a larger extend and make Bobygget self-sufficient during several months of the 

year. In the present situation, Scenario 1 with a yearly self-sufficiency of 27 % is the 

most likely scenario due to the limited budget. If the prices for solar cells and batteries 

continue to decrease though, Scenario 2 could be a possible scenario in the future. This 

scenario resulted in a yearly self-sufficiency of 50 % and was completely self-

sufficient in July. If Bobygget want to be completely self-sufficient in the present 

situation, an additional component with the solar modules is necessary. Due to the high 

prices for batteries, it is likely to be more profitable to invest in an additional 

renewable energy source with a more even daily production. 
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Appendix A  

 
Figure 21. Figure over the day, 16th February, with the most net consumption for 

Scenario 1.  

 

 
Figure 22. Figure over the day, 26th July, with the maximum net production for 

Scenario 1. 
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Figure 23. Figure over the day, 16th February, with the most net consumption for 

Scenario 2. 

 

 
Figure 24. Figure over the day, 23rd May, with the most net production  

for Scenario 2. 
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Appendix B  

Scenario 1 

 

Table 11. Data over the consumed and produced Scenario 1. 

Monthly Energy 

[kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

[kWh] 

Production 1 550 2 630 3 750 654 8 110 8 220 8 920 6 960 5 330 3 620 2 160 1 010 58 800 

Consumption 17 100 16 400 15 200 13 000 11 700 10 500 8 990 10 500 11 300 13 600 14 800 18 100 161 000 

Net -15 600 -13 800 -11 

400 

-6 480 -3 570 -2 290 -69 -3 570 -5 970 -9 940 -12 700 -17 100 -102 000 

 

 

Table 12. Data over sold power compared to produced power and bought power 

compared to consumed power, Scenario 1. 

Monthly Energy 
[kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Production 1550 2630 3750 6540 8110 8220 8920 6960 5330 3620 2160 1010 

Sold 47.3 226 491 1040 2350 2370 3200 1780 1350 459 263 0 

Consumption 17 100 16 400 15 200 13 000 11 700 10 500 8990 10 500 11 300 13 600 14 800 18 100 

Bought 15 600 14 100 12 000 7710 6100 4870 3510 5540 7470 10 500 13 000 17 100 

 

 

Scenario 2 

 

Table 13. Data over consumed and produced power, Scenario 2. 

Monthly 
[kWh] 

Jan Feb Mar April May June July Aug Sep Oct Nov Dec Total 

[Kwh] 

Production 3 310 5 630 8 000 13 900 17 300 17 500 19 000 14 800 11 400 7 730 4 630 2 150 125 000 

Consumption 17 100 16 400 15 200 13 000 11 700 10 500 8 990 10 500 11 300 13 600 14 800 18 100 161 000 

Net -13 800 -10 800 -7 160 906 5 590 6 990 10 000 4 310 65 -5 830 -10 200 -16 000 -35 900 
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Table 14. Data over sold power compared to produced power and bought power 

compared to consumed power, Scenario 2. 

Monthly 

Energy 
[kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Production 3310 5630 8000 13 900 17 300 17 500 19 000 14 800 11 400 7730 4630 2150 

Sold 38.0 570 1380 2950 6570 6780 9170 4600 2970 1090 440 0 

Consumption 1710 16 400 15 200 13 000 11 700 10 500 8990 10 500 11 300 13 600 14 800 18 100 

Bought 14 100 11 800 9130 3020 1890 688 46.7 1150 3600 7520 11 000 16 100 

 

 

Scenario 3 

 

Table 15. Data over the consumed and produced power, Scenario 3. 

Monthly 

[kWh] 

Jan  Feb Mar April May June July Aug Sep Oct Nov Dec Total 

[kWh] 

Production 3 710 6 380 9 220 16 200 20 200 20 500 22 200 17 200 13 100 8 790 5 200 2 400 145 000 

Consumption 17 100 16 400 15 200 13 000 11 700 10 500 8 990 10 500 11 300 13 600 14 800 18 100 161 000 

Net -13 400 -10 100 -5 940 3 190 8 510 10 000 13 200 6 730 1 810 -4 770 -9 630 -15 700 -16 000 

 

 

Table 16. Data over sold power compared to produced power and bought power 

compared to consumed power, Scenario 3. 

Monthly Energy 

[kWh] 

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Production 3713 6380 9220 16 200 20 200 20 500 22 200 17 300 13 100 8790 5210 2430 

Sold 0 0 0 0 0 0 0 0 0 0 0 0 

Consumption 17 100 16 400 15 200 13 000 11 700 10 500 8990 10 500 11 300 13 600 14 800 18 100 

Bought 1370 10 800 7280 203 0 0 0 0 0 0 0 1770 
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Self-sufficiency  

 

Table 17. Data over degree of self-sufficiency for the different scenarios 

Scenario/ 

Month [%] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Scenario 1 9 14 21 41 48 54 61 47 34 22 12 6 

Scenario 2 18 28 40 77 84 94 100 89 68 45 26 12 

Scenario 3 20 34 52 98 100 100 100 100 100 100 100 90 

 

 

Sensitivity analysis 

 

Table 18. Data over produced energy in sensitivity analysis 

Azimuth/Month 

[kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Original 3310 5630 8000 13 900 17 300 17 500 19 000 14 800 11 400 7720 4630 2150 

South 3720 6210 8600 14 600 17 900 18 200 19 800 15 600 12 200 8470 5160 2400 

East/West 1490 3030 5840 11 500 16 000 16 400 17 100 12 900 8360 4670 2150 971 

 

 

Table 19. Data over sold energy to the grid in sensitivity analysis 

Azimuth/ 

Month [kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Original 38.0 566 1380 2950 6570 6780 9170 4600 2970 1090 440 0 

South 133 858 1760 3620 7230 7460 9930 5340 3670 1660 665 0 

East/West 0 0 174 855 5160 5620 7360 2620 638 0 0 0 

 

 

Table 20. Data over bought energy from the grid in sensitivity analysis 

Azimuth/ 

Month [kWh] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Original 14 100 11 800 9130 3020 1900 688 46.7 1150 3600 7520 11 000 16 100 

South 13 800 11 500 8950 3000 1930 714 35.6 1130 3520 7360 10 700 15 900 

East/West 15 600 13 500 9890 3220 1720 532 30.5 1070 4100 9130 12 700 17 200 
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Table 21. Data over degree of self-sufficiency for different azimuth angles 

Azimuth/ 

Month [%] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Original 18 28 40 77 84 94 100 89 68 45 26 12 

South 19 30 41 77 84 93 100 89 69 46 28 13 

East/West 9 18 35 75 85 95 100 90 64 33 14 5 

 


