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Abstract 

The Regional Council of Jämtland has a goal to increase the export of renewable energy 

and with that reduce the total greenhouse gas (GHG) emissions. One of the measures 

used to reach this goal is to give subsidies and tax reductions for investments in 

photovoltaics. Photovoltaics are generally perceived as “good for the environment” 

and give a “good image” to companies. They are marketed as interesting for private 

persons and farmers from a profitability point of view.  

Sweden has an electricity mix with average CO2 emissions of 20-30 g/kWh. Compared 

to other countries in Europe this is very low. The CO2 emissions of photovoltaics 

during their lifetime are 46 g/kWh according to the International Panel on Climate 

Change (IPCC). Taking this in consideration it can be concluded that photovoltaics 

actually increase GHG emissions as they have higher emissions of CO2 than the 

average in Sweden. 

When the decision to invest in photovoltaics is made with profitability as a main 

reason, it is debatable if the subsidies and tax reductions are needed. When the 

decision to invest in photovoltaics is made with environmental concern as a main 

reason, the subsidies might be given to other environmental technologies that are 

better from a climate perspective. Considering this, the push for profitability of 

photovoltaics can be seen as just another increase in consumption.  

Key words: Photovoltaics, Jämtland, Profitability, Environmental impact, Solar energy, Solar 

panel. 
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1 INTRODUCTION 

The Regional Council of Jämtland states the following in their development strategy 

for 2030: “By 2030 we will have achieved the target of being a fossil-fuel free county, and new 

companies in the fields of renewable power and energy efficiency will employ large numbers of 

people.” (Regional council of Jämtland, 2014) Renewable energy is energy that is 

produced without using fossil fuels. Part of the goal is to increase the use of 

photovoltaics in Jämtland.  

The specific climate of Jämtland is a Nordic climate with low average temperatures, 

and large amounts of snow compared to parts of southern Sweden and the rest of 

Europe. Using the PVGIS software tool, provided by the European Commission Joint 

Research Centre it can be shown that the solar irradiation in Jämtland is also less 

intense than in the rest of Europe. (EC PVGIS, 2016) Due to these factors the electricity 

production of a photovoltaics system is expected to be lower than in more moderate 

climates. This supposedly results in longer payback times for photovoltaic installations 

in Jämtland as such a result is shown in a study from Trondheim which lies on the 

same latitude as Jämtland. (Gullbrekken, Kvande, & Time, 2015) 

In literature on investments in photovoltaics, the main reason for investing in 

photovoltaics is the profitability of the investment. (De Boeck, Van Asch, De Bruecker, 

& Audenaert, 2015), (Sisodia & Soares, 2015) , (Borg, Kalish, & Meyer, 2013) With a 

longer payback time, as mentioned above, the profitability of photovoltaics in 

Jämtland is questionable. The subsidies and tax reduction given by the Swedish state 

are a way to make photovoltaics more profitable.  

According to the regional council of Jämtland there is a need for renewable energy 

sources in Jämtland. Therefor the regional council set the goal to have 1m2 of solar panels 

per inhabitant in 2020. (Arjevall, 2014) This goal is being realized with subsidies and 

tax reductions. In literature the main reason to invest in photovoltaics is the 

profitability. It is debatable if photovoltaics should be subsidized when the main 

reason of it is to make profit. There might be other environmental technologies that 

have a greater environmental effect in Jämtland which could be subsidized instead.  
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1.1 Background 

There is a clear push from the Swedish state to invest in photovoltaics, they set targets 

on the amount of renewable energy in the region and give tax reductions and subsidies 

on investment in photovoltaics. (Statens offentliga utrednignar, 2013),(Regional 

council of Jämtland, 2014)  

Several goals to combat climate change are given in the “climate strategy for Jämtland 

region, goals and measures year 2014-2020” document signed by the governor and 

regional council of Jämtland. Two of these goals for 2020 are: “To reduce greenhouse gas 

emissions by 50% compared to 1990” and “To increase awareness of the climate impact of 

consumption”. (Andersson, Nilsson, & Izzo, 2014) The same document states that the 

potential for export of renewable energy in the coming decade is the largest possibility 

for Jämtland to have an impact on greenhouse gas(GHG) emissions. 

Environmental concern and profit are the two main arguments to invest in 

photovoltaics. The term profitability can be interpreted in many ways however, most 

companies for example, count anything above a 5-year payback time as not profitable 

while private persons seem not to mind a 15-20-year payback time when it comes to 

photovoltaics. The payback time of a photovoltaics system is calculated by taking the 

investment costs and dividing it by the yearly profit or savings.  

1.2 Purpose 

This study is done to find what reasons different target groups have to invest, or not 

to invest in photovoltaics. The study will also investigate how these reasons comply 

with the arguments that local distributers use when selling their products and how 

this influences the environmental effect of photovoltaics systems in Jämtland. 

1.3 Goal 

The goal of this thesis is to put the push for photovoltaics into an environmental 

systems perspective. Through this it can be clarified if the push for photovoltaics is 

necessary, and if there are other applications for the subsidies which would result in a 

higher environmental effect. The conclusion aims to give insight in the market in 

Jämtland and other areas with Nordic climates. 
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1.4 Research question 

The research question in this study is: 

What reasons do different target groups have to invest, or not to invest in 

photovoltaics, and how do these reasons comply with the arguments that the state and 

local authorities give for the subsidies and tax reductions on photovoltaics? 

Sub questions: 

1) How do the different target groups define profitability? 

2) What do the different target groups think of the effectiveness of photovoltaics in 

the specific climate of Jämtland? 

3) What do the different target groups think of the environmental effect of 

photovoltaics in Jämtland? 

 

1.5 Scope 

The thesis will be based on discussions with farmers, private persons, companies and 

the public sector, that have invested or think about investing in photovoltaics. A phone 

interview with three distributors of photovoltaics in Jämtland will be conducted. All 

interviews are done in the region of Jämtland. 
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2 THEORY 

In this section the key concepts of the study are selected from the problem description 

and research questions. A literature search is done on these key concepts to find a 

definition for each of them, in order to have a correct base for the research.  

2.1 Renewable energy sources in Jämtland  

The regional council has several goals when it comes to renewable energy. They want 

to be “Leading in the production of renewable energy” and have “Increased production of 

renewable energy and a sustainable power supply for the region’s businesses and households. 

High energy efficiency in all sectors and no reliance on fossil fuels. Extensive efforts in all areas 

of society to deal with climate change” (Regional council of Jämtland, 2014)  In another 

report the regional council states that they will minimize energy usage in their own 

buildings, and minimize environmental impacts through effective energy usage, 

energy from renewable sources and renewable energy from their own energy 

production. (Paletun, 2013) 

 

2.2 Investing in solar panel installations 

A Portuguese study on renewable energy investments in Europe made a model 

showing the influence of different variables on investments in photovoltaics. The 

variables include: CO2 emissions, cost of electricity generation through photovoltaics 

and wind power, complexity of the regulatory system and annual sunshine hours. The 

results stated that investments in solar energy are not significantly affected by 

electricity prices, this counts for both private persons and companies.  Easier 

regulatory systems and less formalities make that companies are more willing to invest 

in solar energy. (Sisodia & Soares, 2015) Without subsidies the investment in 

photovoltaics has a very long payback time, for residential systems in Finland often 

over 40 years. (Hirvonen, Kayo, Cao, Hasan, & Sirén, 2015) In both these and other 

literature only economic reasons to invest in photovoltaics are mentioned. (Borg, 

Kalish, & Meyer, 2013) (De Boeck, Van Asch, De Bruecker, & Audenaert, 2015) 

  



 

 

5 

 

2.3 Profitability 

One of the questions asked during the discussions for this study is what the person or 

company investing in photovoltaics defined as profitable. In order to compare this to 

theory a theoretical definition is needed. According to dictionary the definition of 

profitability is: “1. yielding profit; remunerative:  2. beneficial or useful.” Profitability has 

the following synonyms: Advantageous, valuable and helpful. (dictionary.com, 2016) 

For this study the definition from the dictionary will be used to compare the answers 

in the conducted discussions. 
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2.4 Effectiveness of photovoltaics in the specific climate of Jämtland 

A photovoltaic solar panel is a device that can convert the energy from a photon into 

electricity. Therefore, the amount of electricity that is produced by a solar panel is 

directly related to the amount of photons hitting the surface of the solar panel. 

(Gullbrekken, Kvande, & Time, 2015) The amount of photons hitting a surface is called 

solar irradiation, this is different for each angle. (EC PVGIS, 2016) The solar irradiation 

in Figure 1 is given for the optimal angle on a south facing pane.  Because the potential 

to produce solar electricity is relative to the amount of solar irradiation it can be 

presented on the same scale, as shown in Figure 1. 

 

Figure 1 Solar irradiation and Solar electricity potential map of Europe 
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To determine the potential of photovoltaics in Jämtland, the European Commission 

Joint Research Centre PVGIS software is used. (EC PVGIS, 2016) The results of this are 

shown in the results chapter. 

2.5 Green house gas emissions from photovoltaics 

the International Panel of Climate Change (IPCC) concluded from 26 LCA’s on the 

GHG emissions of electricity sources that photovoltaics over their lifetime emit 46 

grams of CO2 per kWh. (IPCC, 2012) The LCA’s included the emissions during the 

mining and refining of raw materials, transport of materials and use- and disposal of 

the photovoltaic panel. Figure 2 is found in one of the LCA’s used by the IPCC. 

(Jungbluth, Tuchschmid, & de wild-scholten, 2008) This shows a map of the potential 

for CO2 mitigation (reduction) of photovoltaics compared to the national electricity 

supply mixes. The LCA by Jungbluth et al. also shows that the CO2-equivalent 

emissions of photovoltaics in Sweden are 79 grams of CO2 per kWh. This is higher than 

the average of 46 grams of CO2 per kWh concluded by the IPCC, however the figure 

given by the IPCC will be used in this thesis because this is concluded from 26 LCA 

studies so it has a high reliability. 

 

Figure 2 Potential for CO2 mitigation of multicrystalline slanted-roof PV plants compared to the national 

electricity supply mixes (t CO2-eq per kWp)  (Jungbluth, Tuchschmid, & de wild-scholten, 2008) 
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2.6 Tax reductions and subsidies 

The Swedish state gives tax reduction and subsidy for small scale renewable energy 

installations. In the official decision to give these tax reductions and subsidies the 

Swedish state uses the following arguments: “The goal is to make it easier for consumers 

to adjust their electricity use to current electricity prices, to make their electricity use more 

efficient, to produce their own renewable electricity and to charge their own electric vehicle.” 

(Statens offentliga utredningar, 2013) In this section of the official decision document 

there is no mention of environmental effects of the small scale renewable energy 

installations. Further in the document however it is stated that “It is in accordance with 

these guidelines that a tax reduction for micro production of renewable electricity is a support 

in order to get a larger share of renewable energy in the total energy production, which is one 

of our environmental priorities.” (Statens offentliga utrednignar, 2013) From this it is 

concluded that the Swedish state has several underlying goals with giving tax 

reduction and subsidy for photovoltaics.  

- To make it easier for customers to adjust their electricity use to current 

electricity prices 

- To make their electricity use more efficient 

- To produce their own renewable electricity 

- To be able to charge their electric cars 

- To increase the amount of renewable energy in the total energy production 
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3 METHOD 

The thesis uses a qualitative method based on in-depth discussions among three 

customer groups. A hypothesis of how it is expected that each customer group makes 

investments in photovoltaics is presented below. 

- Companies 

o Companies often want a short payback time so they are not very 

interested in long term investments  

- Farmers and private persons 

o Farmers often think longer payback times are acceptable because farms 

are often passed on to the next generation, so they are more likely to 

make long term investments. Private persons either have a very clear 

view of what they buy and do a lot of research before they buy a 

photovoltaics-system. Or they want to go with the latest trend and buy 

any photovoltaics-system that a sales person recommends. Farmers and 

private persons are put together in one customer group because they are 

often one person making the decision, unlike companies or the public 

sector. 

- Public sector 

o Public buildings like municipality buildings, court houses and schools 

have an example function for companies and private persons. When 

more public buildings proof that photovoltaic systems work in the 

climate in Jämtland, others could follow the example. 

The discussions will result in a list of the most common reasons to invest, or not invest, 

in photovoltaics. An interview with the local distributers of photovoltaics will be 

conducted to find the main arguments they use when selling photovoltaics. The 

reasons for investing in photovoltaics will be compared to the arguments used by the 

state and region for giving the subsidies. This gives insight in the market, and why the 

subsidies are given. This can result in recommendations to increase the environmental 

effect of investments in environmental technologies. This gives a broad systems 

perspective. 

In-depth discussions will be used in order to find the reasons for investment. With 

interviews or questionnaires, it is difficult to find underlying reasons when 

questioning people. With discussions it is possible to continue with different questions 
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based on the answers that are given, this is why discussions are the preferred method 

in this study. 

3.1 Key concepts 

From the problem definition and research questions, five key concepts can be 

identified. For each concept the reason why it is chosen is stated below. A literature 

review of each concept is done in the following sections. 

- Energy sources in Jämtland 

o In order to identify the environmental effect of photovoltaics in Jämtland 

an overview of the current energy sources in Jämtland is needed.  

- Investing in photovoltaics  

o To find out why different customer groups invest in photovoltaics in 

Jämtland a literature study is done on investments in photovoltaics 

elsewhere in Europe. 

- Profitability 

o The term profitability can be interpreted in many ways. A company can 

see an investment with a payback time of 6 years as not profitable, 

whereas a private person can consider a payback time of 15 years on a 

photovoltaics installation as profitable. A literature review is needed to 

get a better understanding of the term. 

- Effectiveness of photovoltaics in the specific climate of Jämtland 

o In order to find the profitability and environmental effect of 

photovoltaics in Jämtland, calculations are made to find how effective 

photovoltaics in Jämtland are theoretically. 

- Arguments for tax reduction and subsidies 

o The Swedish state gives tax reduction for investments in photovoltaics. 

The arguments given in the initial decision for these tax reduction are 

compared to the arguments that customers have when making use of the 

tax reductions and subsidies. 
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3.2 Literature research 

The literature research is mainly done through “Primo”, which is the database search 

engine provided by Mid Sweden University. “Google scholar” is also used, but the 

used articles found through that are also found through Primo. Literature on other 

reasons to invest in photovoltaics were not found in scientific databases, neither in 

English, German and Dutch.  

3.3 Strategy for discussions 

In order to get an understanding of what motivation the person had when investing 

in photovoltaics, a structured but open discussion is required. The discussion needs to 

be steered towards the main questions but needs to be open because the participants 

might have answers that were not expected. (Sofaer, 2002) 

The discussion will be steered around the following questions: 

- What do you think about investing in solar panels in the specific climate in 

Jämtland? 

- What reasons do you have to invest, or not to invest in solar panels? 

- What do you think is profitable when it comes to investments in general? 

- Does this also apply to investing in solar panels? 

- Have you considered investing in an electric car? 
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3.4 Calculations 

To find the theoretical potential for photovoltaics in Jämtland the European 

Commission Joint Research Centre PVGIS software is used. (EC PVGIS, 2016) The used 

parameters can be seen in Figure 3. The software makes estimations based on solar 

irradiation at different latitudes. 

Figure 3 PVGIS software tool 
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4 RESULTS 

This chapter gives the result of the discussions held with each customer group. The 

first part will be a summary of the discussions with; farmers, private persons, 

companies, and the public sector. The following parts will show the reasons that the 

local distributors of photovoltaics give on their website, and in an interview with them.  

4.1 Farmers and private persons 

To respect the privacy of the farmers that have taken part in the discussions they are 

defined as “Farmer #1, farmer #2…” etc. Private persons are defined as “person #1, 

person #2…”  etc. 

Farmer #1 has a dairy farm with about 100 cows, Farmer #1 is at the point of getting 

quotations from different parties for a 65kW photovoltaics system with the plan to run 

a heat pump for the heating of the houses and barns. The two parties that made 

quotations are Jämtkraft and Innosund. Farmer #1 calculates on the current electricity 

use, and the electricity savings estimated when investing in solar panels. In case farmer 

#1 wants to expand the farm to over 100 cows in the future, it is a requirement to have 

renewable energy production in order to keep the KRAV mark. Farmer #1 also 

considers the labor of using the wood fired heating system. This labor intensive 

heating system is not an option anymore when getting older, a heat pump would solve 

this problem. Farmer #1 also clearly liked the idea of the farm being self-sufficient. 

When asked about the payback time of 17 years, farmer #1 did not take this into 

consideration. Farmer #1 looks at the initial investment costs, the one thing that 

everything depends on is the subsidy of 30-50%, if this will not be available farmer #1 

will not make the investment.  

Farmer #2 complained about the low profitability in the farming but is still interested 

in photovoltaics. Farmer #2 had not been calculating but had understood that it is 

profitable from what is told by other farmers. When asked if a 15-year payback time 

could be regarded as profitable, and in that case would a 20-year payback time also be 

profitable, farmer #2 did not have an answer. Farmer #2 rather looked upon it as 

“profitable” and did not take the payback time in consideration.  

Person #1 has already made an investment in a 7kW photovoltaics system on the roof 

of one of the barns. Person #1 is now considering installing 14kW more on the roof of 

the next barn. Person #1 lives on the country side and values the clean air that is there. 

Person#1 has the idea that the renewable energy sector contributes to cleaner air. 
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Person #1 is generally interested in environmental questions and wants to do whatever 

possible to reduce environmental impact, in order to continue enjoying the clean air 

she values so much. Person #1 does not have much in-depth knowledge of the energy- 

and transport sector, but is interested in ways to contribute to sustainability. 

Person #2 has installed photovoltaics in April 2016. The first and foremost reason for 

this investment is the environmental concern, person #2 “wants to do something for the 

environment”. Apart from that person #2 likes the fact that it will result in a lower 

monthly cost on the energy bill and a higher value on the house. The next car person 

#2 will buy will be an electric car. Person #2 “likes that the 400 km trip to the summer house 

will not cost anything anymore”. 

Person #3 bought solar panels in Italy in 2012, and in that time got 60% investment 

subsidy. Person #3 has installed the solar panels without help from an installation 

company and had a friend who is an electrician connect everything. The reason for 

investing in photovoltaics was that person #3 liked the technology and the idea of 

producing your own electricity. For person #3 the investment was relatively cheap, 

because there was no third party installing the system person #3 has a payback time of 

five years. Person #3 has an electric car and likes the technology part of owning an 

electric car, so in the near future person #3 will buy a second electric. 

Person #4 mainly invested in solar panels because of technical interest. When I asked  

about the environmental concern, person #4 said that this is a fun bonus with 

photovoltaics. Just like person #3, person #4 installed everything without help of a 

third party and thus had relatively low investment costs. Person #4 got a subsidy for 

45% of the investment costs. Person #4 had calculated a payback time of 5 years and 

with the 3 years the system is operational person #4 says to be on schedule with this. 

Person #4 has not considered an electric car, and is not very interested in the 

environmental part, and liked the ease of his diesel car. 

Person #5 made the investment in solar panels because of interest in the technology, 

person #5 thinks it is “a good thing”. Person #5 says that per year there are just as many 

sun hours in Jämtland as in southern Germany, for this reason person #5 considers it 

a good investment. Person #5 also installed the solar panels without help of a third 

party and let a friend connect everything. Person #5 likes the fact that it is just lying on 

the roof and producing electricity for the next decades. Person #5 calculated a payback 

time of 7-8 years. Person #5 has thought about buying an electric car but thinks the 
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technology will develop a lot in the next few years, so will wait until the current car 

needs to be changed.  

Person #6 wanted a lower energy bill, and thought having solar panels was “a cool way” 

to realize this. The initial plan was to also buy an electric car but this “never happened”, 

and person #6 had no reason for this. When asked about the profitability of the 

photovoltaics system person #6 was a bit disappointed because the system is combined 

with a heat pump, but this one failed broke down during the coldest months of the 

winter so person #6 still needed to use electrical heating for the house. Still person #6 

is positive about the investments and hoped for a better year next year. 
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4.2 Companies 

For this study discussions with three companies were held, A4-Campus, Lundstams 

and Jahwa. A4-Campus and Lundstams have already invested in photovoltaics, Jahwa 

is thinking about it, but has just invested in an electric car so they will wait with doing 

more investments. 

4.2.1 A4-Campus 

A4-Campus is a real estate company that owns the buildings in which Mid Sweden 

University in Östersund is situated. A4-Campus made the investment in photovoltaics 

mainly based on profit, and secondly on the educational value and image. They 

invested in monitoring equipment in order to find out which of the four different kinds 

of photovoltaics work best in the specific climate of Jämtland, and will use this 

information as a base to make future investments.  

A4-Campus has a clear policy when it comes to making investments. An investment 

with a payback time of 0 to 5 years they invest in immediately, with 5 to 10 years they 

make an investment plan, and with a payback time of more than 10 years it is very 

unlikely that they make the investment. The investment in the photovoltaics fits in the 

5 to 10-year category because the payback time was calculated to be 7 to 8 years. 

4.2.2 Lundstams 

Lundstams is a recycling company with a base in Östersund. They invested in 

photovoltaics on a roof that is visible from the main road E14. The main reason to 

invest was to have a better image. When they would invest in a new garbage truck 

they need a payback time of maximum 5 years, however with the solar panel 

installation they had no idea what the payback time was, and did not seem interested 

in this either. Their reason for investing in photovoltaics was purely for visibility and 

marketing.  

4.2.3 Jahwa 

Jahwa is a company that provides- and services coffee machines in Jämtland. They 

have just invested in an electric car, so their reason not to invest in photovoltaics was 

that they do not have the possibility to do a large investment at this moment. Jahwa 

uses the latest energy saving technologies in their coffee machines and uses ecological 

coffee. In the future they want to invest in photovoltaics to create the image they want 

to have, a “sustainable company”. 
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4.3 Public sector 

In the public sector, discussions were held with one company Östersundshem.  

4.3.1 Östersundshem 

Östersundshem is a municipality owned real estate company. They plan to invest in 

photovoltaics on all new buildings they build. One of the reasons to invest in 

photovoltaics is that the municipality decided that they should. Also Östersundshem 

believes that in the long term the investment will make profit. Other reasons are that 

it is becoming more common for tenants to ask about renewable energy when they 

want to rent an apartment, and Östersundshem wants to show goodwill when it comes 

to sustainability.  

Östersundshem has considered investing in wind power, but this resulted in conflicts 

and it does not have the same pedagogical values as it is not directly seen by their 

tenants, so they will not continue with this.  

A reason not to invest in photovoltaics would be that tenants do not want pay more 

rent, therefore, the investment has to be profitable in the long term. Östersundshem 

has to show that the investment will not result in raised rent. When they made the 

switch from fossil fuel to electric company cars they showed their tenants how much 

they save each month. 

 

4.4 Distributors 

For this study three distributors of photovoltaics are interviewed: Jämtkraft, JN-Solar 

and Innosund. This section contains a summary of the marketing and sales process of 

each company. This is compared with the expectancies of potential customers. An 

important part of the marketing is the company website. For each company there is a 

short summary of the information on their website. After reading the websites a 

telephone interview about their marketing strategy is conducted. 

4.4.1 Jämtkraft 

Jämtkraft is an energy provider owned by three municipalities; Östersund, Åre and 

Krokom, which provides renewable energy from forest, wind, water and solar sources. 

(Jämtkraft AB, 2016) Jämtkraft sells and installs complete solar panel installations. 

(Jämtkraft AB, 2016) 
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4.4.1.1 Jämtkraft’s website 

On Jämtkraft’s homepage there is a direct link to their page with information about 

solar panels. On this page five reasons to invest in solar panels are given in the first 

paragraph:  

- Produce your own “climate-smart” energy 

- Lower energy bill 

- You contribute to a sustainable energy system 

- Solar panels have an expected lifetime of 70 years so they increase the value of 

your property 

- Jämtkraft delivers the latest and most effective solutions 

After reading this webpage you can get to a section called “Getting started with producing 

your own solar energy”. Here they list what a potential customer needs to think about 

when they want to invest in photovoltaics. 

- What size is the area you can have solar panels on 

- Look up at what orientation solar panels are most effective  

- Think about how much electricity you want to produce 

After these questions you get the possibility to contact Jämtkraft for personal advice. 

(Jämtkraft AB, 2016) 

Jämtkraft has the following statement on their website: “It is now proven that solar energy 

works well in northern Sweden. Especially with solar panels adapted for Nordic climate.” 

(Jämtkraft AB, 2016) As explained in section 0 the performance of photovoltaics is 

dependent on solar irradiation. The panels that are used in Nordic climates are exactly 

the same as the ones used in the rest of the world. There is no such thing as a “solar 

panel adapted for a Nordic climate”. 

4.4.1.2 Jämtkraft´s marketing 

In a telephone interview with a solar panel sales representative was asked if Jämtkraft 

has a specific strategy. Sales representatives start with a phone call to potential 

customers, in which they ask what the customer needs, and tell about economy, 

payback time, how to determine the size of the installation and what subsidies are 

available. The next step is to send a quote.  
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4.4.2 JN-Solar 

JN-Solar is a four men company with over 10 years of experience in solar panel 

installations, both internationally and in Sweden. JN-Solar is based in four cities, of 

which two in Jämtland.  

4.4.2.1 JN-Solar´s website 

On JN-Solar´s website they state that they install complete solar panel installations and 

package solutions with for example, carports and chargers for electric cars. The 

webpage does not give much more information but asks to contact a representative 

directly. (JN-Solar, 2016) 

4.4.2.2 JN-Solar´s marketing 

JN-Solar says to rely on mouth-to-mouth advertisement and gives demonstrations on 

fairs. They believe that the quality of their work is enough for people to talk about 

them. 

4.4.3 Innosund 

“Innosund is a company that provides services and products in energy, environmental 

innovation and modern electronics.” (Innosund AB, 2016) Innosund is a young company that 

started out with electronics repairs in 2006. They started selling and installing photovoltaics in 

2009. 

4.4.3.1 Innosund´s website 

The website of Innosund only focussed on the financial aspects of their installations, 

they state how much profit you can make, savings on your electricity bill and tax and 

subsidy rules. If you want more information you need to fill in a form in which you 

among other things need to fill in the “Desired power of the solar panel installation” in 

kWh, which should be expressed in kW. (Innosund AB, 2016) If you did not get a reply 

within three days you can call Innosund. If you want more information you need to 

register an account.  

4.4.3.2 Innosund´s marketing 

When Innosund meets a potential customer for the first time they ask what requests 

the customer has, and always include a talk about the power output, economy and 

subsidies. This counts for all customer groups. 
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4.5 Effectiveness of photovoltaics in Jämtland 

In this example three cases have been calculated using the European Commission Joint 

Research Centre PVGIS software. The example is done for a 10kW photovoltaics 

system in Östersund, Amsterdam and Rome. 

 

 

 

Figure 6 Amsterdam estimated yield 

 

Figure 7 Amsterdam solar irradiation 

 

Figure 8 Rome estimated yield 

 

Figure 9 Rome solar irradiation 

Figure 5 Östersund estimated solar irradiation Figure 4 Östersund estimated yield 
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When comparing the estimated electricity production of the same photovoltaics 

system in these three locations (Figure 2 – 7) it can be concluded that in rome, the  

estimaded electricity production is almost twice as high as the production of the same 

system in Östersund. (EC PVGIS, 2016)  

4.6 Environmental effect of photovoltaics in Jämtland 

The environmental effect of the three cases mentioned in the previous section can be 

calculated by taking the average CO2 emissions per kWh in the electricity mix of each 

country. (European Environment Agency, 2016) The electricity mix of a country is the 

group of electricity sources in a country. This determines the average CO2 emissions 

per kWh in a country. To calculate the contribution of an electricity source with “zero 

emissions” to the electricity mix, the yearly electricity production of that source is 

multiplied by the average CO2 emissions per kWh in the electricity mix. This results in 

a decrease of emissions in grams of CO2 per year. 

“If we only consider the Swedish electricity production, which consists mostly of hydro- and 

nuclear power, 1 kWh emits 20 grams of CO2 under a normal year.  … Under a so called dry year 

(with low water levels in the Swedish lakes) the electricity production does not meet the whole 

Swedish electricity demand. In this case it requires import from surrounding countries. With 

moderate import we can calculate that 1kWh emits 40 grams of CO2.” (Svensk Energi, 2016) 

The report of Svensk Energi states CO2 emissions of a “normal” year and a “dry” year. 

In this thesis the average of a normal and dry year is used in further calculations. This 

is defined at 30 grams of CO2 per kWh. 

Because the Swedish electricity mix has an average CO2 emission of 30 grams per kWh, 

a photovoltaics system of 10 kW results in a decrease of CO2 emissions of 284 kg per 

year. The same photovoltaics system in Rome would result in a decrease in CO2 
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emissions of 6075 kg per year. The difference between the CO2 emissions decrease in 

Östersund and Rome is 5791 kg per year.  (See Table 1) 

 

Location Yearly electricity 

production (kWh) 

Grams of CO2/kWh 

average in 

electricity mix 

Decrease of 

emissions in kg 

of CO2 per year 

Östersund 8520 30 284 

Amsterdam 10000 432 4320 

Rome 15000 405 6075 

Table 1 Estimated yearly electricity production of a 10kW photovoltaics system 

In the example in table 1 it is assumed that photovoltaic systems do not have any CO2 

emissions. However, the IPCC concluded from 26 LCA’s on the greenhouse gas 

emissions of electricity sources that photovoltaics over their lifetime emit 46 grams of 

CO2 per kWh. (IPCC, 2012) This is more than the average in the electricity mix in 

Sweden. This outcome is interesting because it means that the average of the CO2 

emissions goes up with increased use of photovoltaics. 

 

4.7 Investment in photovoltaics compared to investment in electric car 

A typical size of photovoltaics installation marketed by the local distributors in 

Jämtland is 7kW. However, all the interviewed farmers and private persons have 

invested, or consider investing in a larger system of about 22kW. The average price of 

a 22kW photovoltaics system is about 350.000 SEK. Using the same calculations as used 

in section 4.6, a theoretical reduction of 720 kg of CO2 per year is realized. In this 

calculation it is assumed that photovoltaics to not emit any CO2. 

The investment in an electric car can be compared to the investment in photovoltaics 

because it is and investment of about the same value (about 350.000 SEK) and it is 

targeted to the same customer group. People with interest in technology and 

environment. 



 

 

23 

 

 

 Energy use 
Yearly distance 

(km) 
CO2 emissions 

Yearly 

emissions (kg 

CO2) 

Electric car 0,19kWh/km 15000 0,03 kg/kWh 86 

Gasoline car 0,065 l/km 15000 2,68 kg/l [1] 2613 

   Difference 2527 kg CO2 

Table 2 Emission calculations electric car vs. gasoline car  [1] (utslappsratt, 2016) 

Comparing the yearly CO2 emissions decrease of an electric car to the CO2 emissions 

decrease of a photovoltaics system shows that the environmental effect of an electric 

car is much more positive in Jämtland than the environmental effect of a photovoltaics 

system.  Still the general perception is that photovoltaics are a good thing, and is 

pushed for by the Swedish state through subsidies and tax reductions. Electric vehicles 

also have subsidies and tax reductions but not nearly as much as photovoltaics do. Still 

there are only 109 full electric cars in Jämtland, (SCB, 2016) and the interviewed 

subjects who did not already own an electric car were not convinced of its 

environmental benefits and practicality. A reason for the fact that there is a push for 

photovoltaics bigger than for electric cars can be that it is easier for people to own a 

photovoltaics system. After installing a photovoltaics system there is no need to 

change one’s behavior, a behavioral change is needed when switching from a fossil 

fuel car to an electric car.   
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5 ANALYSIS 

In this chapter a comparison between the reasons that the local distributors give when 

marketing and selling photovoltaics and the reasons that the three target groups 

brought forward when asked about the reasons they had for investing in 

photovoltaics. 

5.1 Main reasons per customer group 

The reasons in table 3 give an overview of the reasons given per customer group.  

 

5.2 Arguments of distributors 

The three interviewed distributors of photovoltaics in Jämtland do not have an active 

marketing strategy for selling photovoltaics. They rely on their customers to come to 

them and do not have large advertisement campaigns.  

All three distributors name profitability as an argument to invest in photovoltaics. The 

distributors try to convince the public that investing in solar panels is profitable, with 

statements such as: “it is now proven that solar panels work in northern Sweden” (Jämtkraft 

AB, 2016)and “More profitable than now, it probably will never be” (Innosund AB, 2016)  

  

Customer group Main reasons 

Farmers Reduce heavy workload of wood fired heating system 

 Fulfilling the requirements of the KRAV mark 

 30-50% subsidy on investment costs 

 Making the farm close to self sufficient 

 Other farmers say it is profitable 

Companies Profitability 

 Marketing strategy 

 Environmental concern 

Public sector Governmental decision 

Private persons Environmental concern 

 Interest in technology 

 Idea of producing own electricity 

 Fits with an electric car 

 Profitability 

Table 3 Main reasons per customer group 
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5.3 General perception of photovoltaics in Jämtland 

From the discussions with the (potential-)customers it seems that all of them agree on 

that photovoltaics are profitable and good for the environment. Despite payback times 

of 17 years, as with the photovoltaics system of Farmer #1, he still thinks it is profitable 

because of the energy savings you get immediately when the system is operational. 

From the discussions it can be concluded that the investment in photovoltaics is mostly 

done without a major strategy or clear arguments. They regard the investment as 

profitable, without a clear idea of what profitability is. More often it is the general 

interest in technology and environmental concern that makes people interested in 

photovoltaics.  

5.4 Profitability 

The term profitability is viewed upon differently by private persons and companies. 

Companies have a certain payback time they consider profitable. A4-campus for 

example, has a payback time of 0-5 years which they consider profitable. A payback 

time of 5-10 years could also be profitable, but then there needs to be a clear plan for 

the investment according to A4-campus. Anything above a 10-year payback time is not 

considered profitable by A4-campus. It is expected that this reflects the view of most 

companies.  

Private persons however have very different ideas of profitability. They have a general 

idea that photovoltaics are profitable. For example, private person #4 bought a 21kW 

photovoltaics system for 180.000 SEK. For this investment person #4 got 80.000 SEK 

subsidy and the electricity savings/income are 20.000 SEK per year. This investment 

thus has a payback time of 5 years. Person #4 had the possibility to buy the 

photovoltaics straight from a factory and installed them without help from a third 

party. This way person #4 saved the installation costs. Person #4 looks upon the 

investment as very profitable. Farmer #1 got quotes from Jämtkraft and JN-Solar, the 

calculated payback time on these is 17 years. Farmer #1 still considers this as profitable 

because it will save the labor of using the wood fired heating system. Compared to 

person #4 the difference in payback time is 12 years but both consider their investment 

profitable.  

Östersundshem, which is part of the public sector said that their investments need to 

“be profitable in the long run”. This statement, “in the long run” undermines the definition 
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of profitability from a company’s point of view, where an investment is profitable 

when it has a short payback time. 

5.5 Environmental effect 

The environmental effect of a photovoltaics system is generally viewed and marketed 

as positive. However as shown in Table 1, because of the low average CO2 emissions 

in the Swedish energy mix, the emission savings are small. In this example it is 

assumed that photovoltaic systems do not have any CO2 emissions. However, the 

IPCC concludes that photovoltaics, over their lifetime, emit 46 grams of CO2 per kWh. 

(IPCC, 2012) This is more than the average in the electricity mix in Sweden. Therefore, 

it is debatable if there is a positive environmental effect at all. In this thesis only the 

CO2 emissions have been taken into consideration. There are other environmental 

effects connected to photovoltaics, for example the potential to reduce nuclear power 

and the biodiversity loss caused by hydro power. These are not taken into 

consideration in this thesis. CO2 emissions are chosen because this is part of the 

argument from the Regional Council of Jämtland to give the subsidies on 

photovoltaics. 
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6 CONCLUSION 

Even though the environmental effects of photovoltaics in Jämtland in terms of CO2 

emissions are limited. Photovoltaics are generally seen as a good thing. Distributors of 

photovoltaics claim that the investment is profitable and good for the environment. 

Private persons and farmers regard photovoltaics as profitable, even with payback 

times up to 17 years.  For them it is the idea of producing their own electricity and the 

contribution to the environment that makes them interested in photovoltaics. The 

investment in an electric car is not often considered because this requires a behavioral 

change, that is not needed with the investment in photovoltaics.  

The arguments given by the Swedish state to give tax reduction and subsidy on 

photovoltaics comply with the reasons for private persons and farmers when it comes 

to producing their own electricity and the perceived environmental effect. However, 

from a CO2 emissions perspective, photovoltaics in Sweden have a negative 

environmental effect because during their lifetime they emit more CO2 than the 

average CO2 emissions of the Swedish electricity mix. For this reason photovoltaics 

may not be the right measure to reach the goal stated by the Regional Council of 

Jämtland to reduce GHG emissions. Photovoltaics receive more subsidy than for 

example electric cars, even though the CO2 emissions reduction of electric cars is hard 

to achieve with photovoltaics.  

Companies investing in photovoltaics either have a clear calculation on the payback 

time and decide if it is profitable or not, or they invest in photovoltaics because of the 

image. Photovoltaics are generally perceived as “good for the environment” so they 

can be used as part of their marketing.  
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7 DISCUSSION 

In section 4.6 it is shown that photovoltaics actually have a negative environmental 

impact in Jämtland when it comes to CO2 emissions. The subsidies and tax reduction 

given for photovoltaics might be used in other environmental technology that gives a 

better environmental effect.  

One of the goals stated by the Regional Council of Jämtland is to increase awareness 

of the climate impact of consumption. When photovoltaics do not have the expected 

climate impact and still receive subsidies and tax reductions, the investment in 

photovoltaics can be seen as a form of consumption. Especially knowing that the 

investments are made without taking a loan. Meaning that the ones making the 

investment have the money on the bank. By not making people aware of the CO2 

emissions connected to photovoltaics, the subsidies also counteract the goal to increase 

awareness of the climate impact of consumption. 

From a CO2 emissions point of view, it would be good for the European Union to put 

the subsidy money that is given for photovoltaics in Sweden to countries with an 

energy mix that has higher average CO2 emissions. Right now the money actually 

contributes to higher CO2 emissions in Sweden.  

The Swedish state could change the profitability push on photovoltaics to electric cars 

instead, this would result in a much larger environmental effect in Sweden. The energy 

that is exported to the rest of Sweden now would then be used in Jämtland, resulting 

in less losses in electricity transport.  
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