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Abstract 

Title: Efficient Energy Solutions in warehouse operations 

Authors: Malin Berntson and Andrea Holmstrand 

Supervisor: Gabriela Schaad 

Language: English 

Department of Business Administration, University of Gothenburg  

______________________________________________________________________________ 

The purpose of this Bachelor thesis was to find efficient energy solutions within warehouse 

operations. This was achieved by looking for ways to increase energy efficiency but also by 

investigating the possibilities to produce own renewable energy. Our aim was to include a 

financial perspective.  We intended to fulfill our purpose by answering the following questions:  

1.  How can energy efficiency in warehouse operations be improved in a cost effective way? 

2.  Would it be profitable for a warehouse to produce renewable energy in order to become self- 

sufficient?  

The thesis was conducted as a case study, and we used an abductive method for compiling the 

results. We visited our reference warehouse once; where we had an open interview as well as an 

observational walk around the facilities. This was to be able to get a clear picture on what 

possibilities there were, and what had already been accomplished.  

The thesis focuses on possibilities on energy efficiency through sensors for control of lighting. 

When it comes to renewable energy production, we focused on solar cells and wind power. The 

selection on alternative was based upon the preconditions of our reference warehouse.  

Our conclusions are that sensors should definitely be installed in all general areas as well as in 

the warehouse facilities. If a warehouse wants to produce their own renewable energy, solar cells 

covering all energy use are a good alternative. Today, it is not profitable to invest in systems or 

resources that produce more energy than needed. 

Our thesis contributes to the limited research on energy efficiency and renewable energy 

production within warehouse operations.   

 

Keywords: Energy efficiency, Warehouse operations, Volvo Group Logistics Services, Case 

Study, Financial perspective 
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1 Introduction 

This thesis is concerned with finding efficient energy solutions within warehouse operations. 

Our aim is to find alternatives for warehouse operations to increase their energy efficiency. 

We will also analyze whether producing renewable energy is an alternative to buying from 

external part. Finally we will look at the alternatives from a financial point of view. 

1.1 Background 

1.1.1 Global perspective 

People are increasingly concerned with the environment and how the human behavior 

influences our surroundings. One important aspect to consider when discussing environmental 

issues is energy consumption, which is one of the world’s top challenges to solve according to 

WWF (WWF, 2007). Energy consumption is important both when it comes to the use of raw 

materials and emissions released to the air, ground and water. 

Energy production stands for the majority of the global greenhouse gas emissions, and the 

electricity production represents the largest share of the CO2-emissions within the energy 

production. The energy production is also growing fast, with a 65% increase between 1990 

and 2011 (IEA, 2011). This makes the work with energy efficiency and the change towards 

renewable energy even more important.  

During a United Framework Convention on Climate Change (UNFCC) meeting in Cancun 

in 2010, 192 countries agreed on continuing the work on combating anthropogenic climate 

change. One goal that was decided upon was to keep the temperature rise below 2°C (IEA, 

2011). Three future scenarios were discussed; the Current Policy Scenario shows the result if 

no policy changes are made. The New Policies Scenario takes into account plans and pledges 

set up by countries, including the ones without set measurements. The 450 Scenario is a plan 

set up to reach the target of 2°C, by limiting the amount of greenhouse gases in the 

atmosphere to 450 parts per million (ppm) of CO2e (IEA, 2013). As shown in figure 1, both 

energy efficiency and use of renewable energy sources are a must, if we are to reach the goal 

of 2 degrees. 
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Figure 1 World energy-related CO2 emission savings by technology in the IEA World Energy Outlook 2010 450 Scenario 
relative to the New Policies Scenario (IEA, 2011) 

1.1.2 European perspective 

In 2007 the European Union (EU) set the so called 20/20/20 target. This target aims to reduce 

the emissions of greenhouse gases (GHG
1
) with 20%, and that 20% of the energy used in the 

Union should be produced in a sustainable way. The last part of the target is that we need to 

increase the energy efficiency with 20%. All of these three parts should be reached until 2020 

(Regeringen, 2013a). 

To reach the goal of improving energy efficiency, the EU has set up some key measures, 

e.g. that we need to improve the energy performance of existing buildings, improve the 

efficiency of heating and electricity generation as well as take the lead when it comes to new 

buildings (Commission of the European Communities, 2007). 

 

1.1.3 Swedish perspective 

The Swedish Energy Agency has recently issued a report called Långsiktighetsprognos 2012, 

which includes a prognosis over the energy use within the country until 2030. In this report 

you can clearly see that the energy use in Sweden will increase up until 2020, and then 

stabilize (Swedish Energy Agency, 2013a).  

The agency predicts a 4 % increase of energy use (mainly due to the Industry sector) each 

year up to 2020 (Swedish Energy Agency, 2013a), and there is a need for companies and 

organizations within Sweden to intensify their work with energy efficiency. 

Sweden is number nine when it comes to total energy use within the EU, but when putting the 

consumption in relation to number of inhabitants in each country Sweden climbs up to 

number four. This indicates high energy intensity in Sweden, despite numerous programs to 

                                                           
1
 The primary greenhouse gases in the Earth's atmosphere are carbon dioxide (CO2), methane (CH4), nitrous 

oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SF6) 

(Greenhouse Gas Protocol, 2012) 
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increase energy efficiency. It is therefore important to broaden the perspective, and not only 

put all efforts on the industries with high energy intensity.  

 

Figure 2 Total Energy Use per member state in EU, 2010 (kt of oil equivalent) (Worldbank, 2013) 

As a country, Sweden is involved in many different initiatives when it comes to energy. We 

are one of the most active countries in International Energy Agency (IEA), which has an 

important role when creating its World Energy Outlook report. This report is an important 

foundation for the global negotiations on climate (Regeringen, 2013b). We also have co-

operations with the other Nordic countries as well as with the countries in the Baltic region 

(Regeringen, 2013c; Regeringen, 2013d). 

There are six focus areas in the cooperation with the Nordic countries, where renewable 

energy and energy efficiency are two of these areas. The cooperation is managed in 

accordance with an action plan for the period 2012-2013 (Regeringen, 2013c). When working 

with energy issues within the Baltic region, it is done via Baltic Sea Region Energy Co-

operation (BASREC). Members in this forum are all Nordic countries, Germany, Poland, 

Russia and the EU-commission (Regeringen, 2013d). 

1.2 Problem discussion 

The Swedish Energy Agency predicts, as mentioned in section 1.1.3,  a 4 % increase of 

energy use each year up to 2020 (Swedish Energy Agency, 2013a). This is in a clear conflict 

with the target set up by the European Union to reduce the energy consumption for their 

member states.   

 

Why is it still so hard, despite all available technique and knowledge in the energy efficiency 
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area, for companies to change their behavior and attitudes towards energy consumption? The 

discussions about these barriers, has been ongoing since the late 1970s, when there was a 

debate held on usage of resources including energy, starting with the oil crisis in 1973 

(Trianni et al, 2012). The subject is also discussed in a book by Thollander and Palm (2013) 

where they discuss the barriers to energy efficiency, and they use the classification of barriers 

made by Sorrell et al. (2004) to approach the problem. 

The barriers are here divided into four different categories; Behavioral barriers, 

Organizational barriers, Market failure or imperfections and Nonmarket failures or 

imperfections (for further information see Appendix A). These four are then divided into 

subcategories, explaining the barriers more in detail. We will not go through all four major 

categories; instead we will focus on the ones we find most important for this thesis. 

If we start with looking at the main core of an organization – the employees, their mindset 

would fit under the Behavioral barriers (Thollander and Palm, 2013). The human behavior is 

vital in the work towards a more energy efficient operation, as it can either enhance or 

moderate the effect of for example new technology (Lutzenhiser, 1993; Kaplowitz et al., 

2010). To improve the chance of the employees enhancing the effect, information is the key. 

Steg (2008) mentions that elementary knowledge concerning the questions what, why and 

how is very important when starting to alter the behavior of energy use. The employees also 

need to be aware of how their behavior affects the result and their capability to make 

improvements (Bradford, J. & Fraser, E.D.G., 2008; Goldblatt et al., 2005). 

Another aspect that could be discouraging (and therefore worsen the effect of behavioral 

barriers) is the lack of concrete guidelines from the politicians (IVA, 2012). There are, 

however, incentives or guidelines from the politicians in Sweden. One approach is to 

legislate, and in Sweden we do have laws regulating the use of energy for companies. One 

example can be found in in the Swedish Environmental Code, where it is stated that 

companies have to learn about their own energy consumption, find ways to reduce the 

consumption and also to have continuous improvements within the area (Swedish Energy 

Agency, 2013b). 

Another approach could be to use financial incentives. This is not very heavily used, what 

we have found, but there are some financial funds that can be applied for from the Swedish 

Energy Agency concerning mapping of energy use as well as for sun panels and solar cells 

(Swedish Energy Agency, 2013c.).   

The Swedish government has also set up an energy efficiency program for the most energy-

intensive companies within the Swedish Industry; PFE (program for Energy efficiency in 
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energy-intensive industry) (Swedish Energy Agency, 2013d). This is a five year program and 

the first period was 2004-2009 (it will officially be closed during 2013). During this 

timeframe, 100 companies saved 1,45 TWh per year by a more efficient electricity use. This 

program is however not all good, and the Swedish National Audit Office, claims that it is hard 

to separate the results of PFE from effects due to e.g. increased prices of energy and now has 

an ongoing investigation on the program (Riksrevisionen, 2013).  

When it comes to the financial aspects we can place them under Market- or Nonmarket 

failure or imperfection categories. Here there are of course important to mention the ongoing 

conflict between long-term investments and short term profits (Laverty, 1996). Energy 

efficiency often requires a long-term perspective, while company targets are often set on a 

shorter term. 

According to Rohdin and Thollander (2006) it is not the actual initial outlay of an energy 

efficiency investment that is a major barrier to the work, more that there might be other 

investments competing for the same capital. And as the warehouse operations fall under less 

energy-intensive operations, investments in saving energy might easily be put aside as the 

financial saving might be smaller than another investment’s gain. Once again, information 

plays an important role, as knowledge might be the key factor of choosing one investment 

over another. If the figures cannot speak in favor of the energy efficiency projects, then 

information and commitment needs to fill that gap. This is further strengthened by that it 

seems like financial savings are not enough for companies to initiate this kind of work 

(Naturvårdsverket, 2013). 

The top users of energy in Sweden are the actors within the ‘Households and services’ 

sector, which is where warehouse operations belong to, according to Gustaffson Pers (2013, 

e-mail, 12
th

 of April) at the Swedish Energy Agency. The sector used 40% of the total energy 

consumption in the country in 2010. The number two on the list of most energy consuming 

sectors is the Industry, which stood for 34% of the energy use in 2010 (Swedish Energy 

Agency, 2013e). Despite the above mentioned barriers, a lot of work to reduce the usage has 

been done within both of these sectors (Swedish Energy Agency, 2013e). Initiatives can also 

be seen in the numerous theses that have been written on the subject as well as on different 

web pages showing how to make reductions on energy use. Allmér and Chen (2012) wrote 

their bachelor thesis about energy efficiency and the profit that can be made when renovating 

apartment buildings. This is also what Möller Frohm and Rutqvist (2008) dealt with in their 

thesis work.  In 2009 Zimmermann (2009) wrote a report in a project from the Swedish 

Energy Agency subjected on the potential electricity savings within the household sector. 
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When it comes to the service sector, Arlanda Energi is one good example of a company 

that has made huge improvements in their customers’ energy consumption. In 2009, one of 

the company managers was rewarded with ‘Stora Energipriset’ for reducing the use of energy 

at Arlanda Airport with 25% during a four year period (Hållén, 2009). This was possible due 

to several actions (e.g. changes in lighting both inside and outside and more efficient 

ventilation). Swedish Civil Aviation Authority thought that these actions were so good, that 

they want to apply them in all Swedish airports (Hållén, 2009). More recently, Sweco (2013) 

has developed aquifer storage
2
 for thermal energy

3
 at the Arlanda airport. The aim is to be 

able to lower the purchased district heating and electricity. 

Another example of a company that has worked with energy efficiency is Skanlog 

Lagerpartners. When they started to expand their warehouse, they discovered a huge saving 

potential in their energy use. They focused their efforts to restrict the lightings to where it was 

needed, and only light up the areas where the employees worked. Measurements have shown 

that the company has saved somewhere between 50-70% on the energy used by installing 

movement sensors for control of the lights, compared to the lights being turned on all day 

(Smartbelysning, 2012a). 

Interesting approaches can also be found regarding own electricity production from 

renewable resources; Gårdstensbostäder is a good example for this. They have together with 

other investors installed a windmill to provide electricity for their tenants, and they only buy 

electricity produced by wind power for the need that is exceeding their own production 

(Gårdstensbostäder, 2011). In addition to the windmill, the housing company has three 

buildings with sun panels on the roof to provide for hot water (Gårdstensbostäder, 2011). 

A lot of initiatives have been taken within the energy-intensive parts of the industry sector. 

As a long term result, these efficiency improvements lead to a savings energy costs 

(Naturvårdsverket, 2013). In less energy-intensive industries, not much attention has been 

paid to lowering the energy consumption as this is not a major deal for them. This results in 

that there are often quite big savings yet to be made (Naturvårdsverket, 2013). 

Rohdin and Thollander (2006) investigated the barriers and drivers to energy efficiency 

and conclude that there is still work to be done in the area of understanding the barriers to 

                                                           
2
 Cooling and heating is seasonally stored in natural aquifers (reservoirs of groundwater). The groundwater is 

then pumped to an energy facility (as either heat or cool) and is finally transferred to the user via a heat 

exchanger. 
 
3
 Here: energy that comes from heat 
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why there have not been any major efforts in making the less energy-intensive sector more 

energy efficient. 

We have had problems finding good literature on the subject, which we believe is due to 

that warehouse operations are considered to be less energy-intensive. Just like the Swedish 

Environmental Protection Agency (2013) states, these operations are a bit neglected when it 

comes to creating attention to work with energy savings issues. However, warehouse 

operations are a big part of today's society, they are a vital part of the supply chain and all 

companies selling products have some sort of warehousing (either in-house or out sourced). 

This is the reason why we have chosen to focus our thesis on efficient energy solutions within 

warehouse operations. 

 

1.3 Research questions and Purpose 

1.3.1 Research Questions 

Based on the above problem discussion, the following research questions are addressed in this 

thesis: 

1. Can energy efficiency be improved in warehouse operations in a cost effective way? 

2. Are there any alternatives for producing renewable energy that would be cost effective 

for a warehouse?  

1.3.2 Purpose 

The purpose with this thesis is to find efficient energy solutions within warehouse operations. 

This will be achieved by looking for ways to increase energy efficiency but also by 

investigating the possibilities to produce own renewable energy. Our aim is to include a 

financial perspective.  

1.4 Limitations 

When discussing energy consumption in warehouse operations there are a lot of aspects to 

consider. We therefore made some limitations in order to be able to complete our thesis in due 

time. 

Firstly, we will only look at the operation within the warehouse and if transportation is 

considered, we will look at transportation executed with electrical vehicles within the 

operation. We have chosen this area, due to that we have seen that it has been overlooked 

when it comes to energy efficiency actions. We will exclude the transportation to and from 

building as we consider this to be a different scope. 
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Secondly, although the employee perspective is vital in the change towards making an 

operation more energy efficient; this is not a focused subject in our thesis. This is due to the 

size of this subject and that we will not be able to give it sufficient space due to the 

framework of the thesis. 
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2 Method 

This chapter will go through the process and method used when writing and addressing the 

purpose and the research question for this thesis. 

2.1 Research procedure 

Prior to starting on this thesis, we communicated with Volvo Group Logistics Services 

(VGLS) as they had a challenge to find possible ways to make their warehouses more energy 

efficient and therefor both reduce costs and make an environmental improvement. As VGLS 

has warehouses in all parts of the world we found this problem quite interesting to look at. 

But in order to have a more scientific approach and to be able to make a research contribution, 

we knew that we had to get a more holistic perspective than just one company’s warehouse 

operation. We also understood that we had to keep the scope narrow to be able to complete it 

on time. 

The first thought with this thesis was to write about energy efficiency, but after the first 

meeting with VGLS, we saw that it would be very difficult to stay with that scope. The 

information we found was mostly covering energy-intensive industries or housing, which both 

have other conditions for energy efficiency than a warehouse. If we found information about 

warehouses, the research was more about arranging the goods in the warehouse to reduce the 

traveling distance of the trucks. Even though there is a huge quantity of articles, webpages 

and theses to find on the energy efficiency subject, we could not use it as it would not help us 

answer the purpose of this thesis. The lack of useful information led us to start thinking about 

other alternatives to improve the energy use for the warehouse, instead of just making it more 

energy efficient. The visit at S3
4
 further strengthened these thoughts, as we then saw the 

possibilities for installing renewable energy systems. During our observational walk in the 

warehouse, we saw that the warehouse itself does not use a lot of unnecessary energy in its 

processes. The challenge facing us now was to make the energy use at the warehouse not only 

more energy efficient but also more cost-effective and more in line with the environment. 

To summarize the research procedure it started very broad and it was a struggle to get all 

parts linked together as well as exclude the issues not relevant for this thesis. In the writing 

                                                           
4
 Volvo Group Logistics Services warehouse facility in, Arendal, Gothenburg (Support warehouse no.3). A 

warehouse for automotive spare parts, and does not have any energy consuming equipment (such as cooling or 

heating). 
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process we have been very careful choosing types of sources to use as we know that this is 

affecting the validity and credibility of the thesis, resulting in that we tried to only use 

scientific reports and information supplied by government, governmental agencies and well-

known organizations. We believe that these types of information are written in an unbiased 

way, which makes them trustworthy and of good quality.  

2.2 Case Study 

A case study is a method to use when doing research on a more detailed type of case; it may 

be associated with a certain place or building from where you are later able to draw parallels 

to the bigger picture (Bryman & Bell, 2011). We thought that VGLS was a good company to 

use for a study like this, as they have worked with environmental issues for a long time 

(which is mentioned further in section 4.1). However, they have not focused on energy 

efficiency within their warehouse operations.  

When starting to work with this thesis we considered this type of method to be the best 

way to deal with the purpose of our work. This as we were to investigate the possibilities of a 

specific building, and combining practical and theoretical research to later be able to apply the 

results in a wider perspective than just this building.  We started to collect theoretical data via 

different sources, such as scientific articles and webpages, which was then used and put in a 

practical perspective when visiting S3.  

Similar to other research methods, case study is one way of studying an empirical theme by 

following a set of procedures that have been previously specified.  It is also a method that is 

frequently used within social science and it is preferred when investigating the questions 

“why” and “how” (Nilsson, 2007).  

When working with a case study, first thing needed is to set up a plan or a research design. 

Developing a research design for a case study can be seen as more difficult than for other 

research strategies, as there is no textbook example of how this should be made (Cochran & 

Cox, 1957; Nilsson, 2007).  

Yin (2003) states three reasons to why a researcher should be careful when using case 

study as a research method; firstly, researchers are often sloppy and allowed the results to be 

influenced by their own opinion. Secondly Yin (2003) argues that the method provides a 

small basis for generalization as it is usually based on one case. This is however the same if 

making an experiment. But a case study can be generalized to theories. Thirdly, the studies 

often take a long time to complete and the results are hard to read and often very massive 

(Yin, 2003).  
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We do not feel that our own opinions have influenced our work, more than that we have 

chosen which alternatives to investigate. This is however not affecting the quality of the 

results as we had to make a selection. In order to achieve a trustworthy result, we tried to keep 

a high standard of our own work by being accurate and thorough. 

As we have tried to keep a holistic perspective throughout our work, we do believe that we 

can generalize the results to apply for other warehouses other than S3. However, the 

calculations data need to be changed to be valid for the specific case. When it comes to the 

time frame of the work, we are limited to the course and will only have the designated time to 

complete this case study in. We are also limited when it comes to presenting the result in a 

report, as we have to keep it on a maximum of around 40 pages.  

 

2.3 Abductive method 

It became quite clear to us, that we needed to use the abductive method when performing our 

case study. This, as we would both use theoretical and practical data. Abductive method is a 

combination of deductive and inductive research methods. Deductive method is used to create 

propositions from existing theory and then make them testable against reality. Inductive 

method aims at generating grounded theory systematically collected from data (Dubois & 

Gadde, 2002). 

We wanted to find out how a warehouse could make their energy solutions more efficient, 

and the combination of deductive and inductive method is the best alternative if the purpose 

of the research is to make new discoveries. The method is more based on existing theories and 

does not have such a big focus on generating new ones (Dubois & Gadde, 2002). This is in 

line with how we worked, as we did not want to invent any new technologies, but rather see 

how we could use the ones already existing on the market.  

According to Dubbois and Gadde (2002) the systematic combining of empirical fieldwork 

and theroretical aspects has an important role in the abductive method. The original 

framework is modified continuously, partly due to unforeseen findings in the empirical parts 

of the work but also due to theoretical insights. This is true when it comes to our thesis, as our 

first ambition had to be changed due to what we found, both in theory and reality. 

2.4 Data collection 

According to Nilsson (2007) data collection for a case study can proceed from six different 

sources, these are: documents, formal written sources (e.g. material from archives), direct 

observation, interviews, participant observation and physical artifacts. They, like the most 
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sources, both have strong and weak aspects where none is better than the other, but can 

instead complement each other. In our thesis we have used five of these six types, which will 

be discussed in sections 2.4.1- 2.4.5.   

2.4.1 Documents  

To frame our research problem, we used webpages, articles and older theses. We mostly 

used the library at the University of Gothenburg to search for information. We specifically 

found one of their databases, under the business section useful; Business Source Premiums. 

We also searched in the Ebsco Host database. We used different types of documents like; 

internal documents, result reports, other written reports and e-mails. All of these documents 

are according to Nilsson (2007) suitable to be used in a case study. We have also noticed, by 

using a lot of information from the Swedish Energy Agency, that governments often publish 

information that researchers, like ourselves, can gain huge benefit from (Bryman & Bell, 

2011). 

To ensure reliability of ones work, the researcher should be careful and aware of the 

possibility of inaccuracies (like biased information), when using the documents mentioned 

above (Nilsson, 2007). Bryman and Bell (2011) also have some doubts worth considering 

regarding the quality of these documents. For example the reader should consider if the 

material is authentic and from an unambiguous source; if the material is without inaccuracies 

and distortions. The reader should also be critical to if the material is typical for the category 

it belongs to and if the material is clear and understandable enough (Bryman & Bell, 2011). 

As mentioned in section 2.1, we have been very careful in choosing which sources to use 

in our search for documents. 

2.4.2 Formal written sources (archive materials) 

Archive materials in case studies are often computer files and other files, like maps which can 

describe the geographical point of view of a buildings location. Other archive materials are for 

example survey data, personal files and client files (Nilsson, 2007). 

The archive materials that we used in the work are for example drawings over the building, 

which we received via e-mail from Svante Svensson (2013) at Volvo Group Real Estate. 

These maps have been useful in the meaning of getting an idea over the building’s area so that 

we could calculate on the alternative for renewable energy. Information regarding energy 

consumption in the warehouse was retrieved via a computer system at Volvo Group.  
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2.4.3 Direct Observation 

When doing a case study a visit to the investigated site can be very useful. You are then able 

to observe formal and temporary data (Nilsson, 2007). We made a visit to the warehouse in 

Arendal, where we had an observational walk inside the building as well as an open 

interview.   

The interview with Daniela Andreasson
5
 (who used to be responsible for environmental 

issues, she has now changed position but is still the person with best knowledge regarding the 

issues that we wanted to discuss) took place in the office, and was then followed by the 

observational walk inside the warehouse (see Appendix G for list of meetings). As a result of 

this we already had answers on questions regarding energy usage within the building.  

During the observation we tried to see how energy was lost and we searched for possible 

measures that could be taken to decrease energy use. For example we looked at how the lights 

were controlled as well as what equipment was used. During our observational walk we got 

the chance to talk with people within the operations, and questions were asked randomly 

depending on their position and knowledge. One very interesting conversation we had was 

with Christian Nagel, STIHL
6
 representative, which informed us about the charging 

procedure for the trucks.  

We asked Daniela about possibilities of installing solar panels on the roof. We also talked 

about the possibilities of using energy from a windmill. In total, the observational walk in the 

building lasted for around one hour. 

2.4.4 Interviews 

(Bryman & Bell, 2011) argues that the procedure of an interview, when talking about 

qualitative research need not be very structured and we did not have any “real” interviews 

with finished questionnaires during our work with this thesis. Instead we used an “open” 

dialogue with the persons we addressed. One example is our meeting with Daniela 

Andreasson at S3. Here we had an open dialogue with her, that lasted for about 1,5 hours, 

about questions that we had regarding energy use in the warehouse. In addition we received 

information and documents, which have been interesting and useful during the process. 

Another example of an “open” interview that we have had was when we contacted the 

Swedish Tax Agency, with questions about the energy tax regulations applying when 

producing own renewable electricity. In both of these examples, we did know what to ask 

before the dialogue but the questions were not many and we did not find a questionnaire 
                                                           
5
 Daniela Andreasson, Controller/Assistant at S3, Volvo Group Logistics Services 

6
 STIHL Group is one of the truck providers to S3 (Daniela Andreasson).  
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necessary. Instead we asked the questions we had thought of and allowed the conversations to 

be guided by the answers given by our respondent. According to Nilsson (2007) most case 

studies focus on something related to people and interviews are in general an important source 

of information. Interviews are also the type of method within qualitative research that is used 

the most, because of its flexibility (Bryman & Bell, 2011).  

We became aware of that interviews can be an important source of information when doing 

exploratory research as they provided us with a huge quantity of information. 

2.4.5 Physical artifacts 

Another type of source that can be used in a case study is those which are called physical 

artifacts. This can be things like tools and machines, which can be collected or observed 

during a visit in the field (Nilsson, 2007). 

During our visit at the warehouse in Arendal we observed, as is mentioned in section 2.4.3, 

how the machines work and we also investigated how much energy each machine needs.  

2.5 Analysis data 

A further purpose of our research is to make calculations on the financial aspects. To be able 

to do these on the different alternatives that we have looked upon, we have used the VGLS 

warehouse (S3) in Arendal, Gothenburg, as a reference building. However, there will not be 

any calculations made based upon the construction of the building, nor the eventual leakage 

of heating from windows etc. This is due to that we will try to keep a wider perspective than 

just on one building and if we go too deep into details we will lose this aim. It’s also 

important to be aware of that this thesis will not look at warehouses containing goods with 

special needs, as e.g. refrigerating or moisture.  This is due to that our reference warehouse is 

handling spare parts for the automotive industry. 

As mentioned in section 2.4.2, we retrieved information about electricity consumption at 

the S3 warehouse from a system application. In addition we got these figures confirmed in an 

e-mail with statistics about energy use within the Arendal area (see Appendix F for details). 

Such e-mails are sent out on a regular basis to concerned persons from a company called Coor 

Service Management, who is a service partner to the Volvo Group. These figures are also 

used by the Quality and Environmental departments at VGLS, and we therefore trust them to 

be correct. The system application used is called SDRT and is the Sustainable Data Reporting 

Tool used within the Volvo Group. Here all sites need to register their energy consumption 

each month and, in addition to electricity and heating; it also covers different types of fuel 
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used. The tool is used widely within the Volvo Group, and as the management uses these 

figures in their discussions and reporting, we find them very trustworthy. 

When it comes to energy costs, we based our calculations on invoices from the electricity 

supplier to our reference warehouse. In addition to what is mentioned above, we needed more 

information specific for each calculation. In the following sections we will mention how we 

found the data used. All references are documented under reference for calculations. 

 

2.5.1 Windmills 

Starting this calculation, we needed to know the location of the warehouse and how windy it 

is there. This because to see the possibilities to put a windmill here and if it would be 

profitable at all considering the wind conditions. We first searched for the coordinates of the 

warehouse on the web, and then we used Vindlov.se to retrieve data about the average wind 

speed at this site. We also saw that there already are windmills operating. When choosing the 

size of windmill, we turned to Vindkraftsportalen (2013) who stated that it is most common to 

install a mill with an effect of 0,8MW – 2MW, and as the return of a bigger windmill often is 

higher (Vindkraftsportalen, 2013), we choose to use a 2MW windmill for our calculations. To 

calculate the effect from a windmill you need to know the air density. Here we used an 

average figure which is the most common procedure for this type of calculations. This figure 

was found on the web. Swept area
7
 is also needed, and for this we used a windmill from the 

Danish company Vestas (2013). 

Energy production from a windmill by far exceeds the usage at S3 warehouse, so we only 

calculated for one windmill. 

Initial outlay, lifetime and terminal costs
8
 were all found on the web, and an assumption 

was made on the production rate for the windmill. 

Prices for electricity, energy certificate (which is a market based incentive for producing 

renewable energy) etc. was found on different websites. 

2.5.2 Solar Cells 

Beginning to calculate on solar cells we contacted the company Norden Solar (2013a), who 

helped us with data needed. From here we retrieved data concerning sizes on system and 

prices for both installation and products. Information about the investment grant was found on 

the web.  

                                                           
7
 The swept area refers to the area of the circle created by the blades as they sweep through the air. 

8
 Terminal costs - taking costs for dismantling, restoration and handling of waste material in to consideration.  
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We used a guaranteed lifespan mentioned by the Swedish Energy Agency (2007), and as 

we could not find any information on the terminal cost, we made an assumption. 

2.5.3 Sensors 

We received data to use for calculation on sensors from El-Otto (2013), who is the contracted 

electricians at our reference warehouse today. They made assumption on installation and 

production costs, and also the amount of products needed. We understand that the reliability 

of this data can be questionable as the source might be biased. However this was the only data 

that we found without having to make an inquiry to a re-seller.  
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3 Frame of reference 

As our focus is a practical issue, we will build our frame of reference around technical 

solutions to increase energy efficiency or to produce own renewable energy. 

 For companies to become more energy efficient, they need to change their current way of 

looking at their business. Today, the Swedish government offers different financial support to 

the companies in order to get them more interested in thinking of the environmental aspects 

when it comes to energy. There are different ways of doing this, for instance you can change 

the source of energy to a renewable energy source. Another example is that you can make the 

usage of energy more efficient, for instance by using sensors for lighting instead of regular 

switches. Neither of the alternatives needs to exclude the other. Below we will look in to 

alternatives regarding electricity and heating options, as well as mention some of the financial 

supporting systems. We will briefly go through the technical aspects of each alternative as we 

believe that a basic understanding of the technology will be helpful when discussing the 

different solutions. We also have a section concerning calculation and depreciation theory.  

Important to mention is that we have only chosen a few alternatives to look in to, there are 

more possibilities on the market, both for energy efficiency and renewable energy. The 

selection was based on the preconditions of our reference building. 

3.1 Electricity 

Three issues are relevant to take up relating to electricity for our purpose. 

Firstly, all electricity users in Sweden have to pay energy tax on the amount of used kWh
9
. 

This tax is 29.3 Swedish öre per kWh in 2013; who is subject to change every year-end, when 

it usually raised (Danielsson, 2013). Users that produce their own electricity by using wind 

power do not have to pay this tax. This is, however, only valid as long as the user do not 

produce the electricity in a commercial purpose (i.e. if they supply it to another user) 

(Skatteverket, 2013). The Swedish Tax Agency has decided that this tax relief also includes 

electricity produced with sun power or other equipment without a generator (Skatteverket, 

2011). 

Secondly, as a renewable energy producer, it is possible to get an energy certificate for 

each MWh
10

 of electricity produced. The electricity certificate system is an economic market-

                                                           
9
 1kWh = 1kW used during 1 hour. 1 kWh keeps a 40W light bulb lighted for about 25 hours.  

10
 1 MWh = 1000 kWh.  
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based supporting system to increase the production of renewable electricity in a cost effective 

way (Swedish Energy Agency, 2012a). The producers can, if they want, sell their certificates 

on an open market where the price is settled between sellers and buyers, and by this the 

producer can get an added income. A new facility has the right to get certificates for 15 years, 

but no longer than until year 2035, when the system will be closed (Swedish Energy Agency, 

2012a). 

Thirdly, net benefit can be seen as an income for the producer. Net benefit is regulatory 

and includes for example reduction of energy loss due to transfer and removed pressure from 

the power grid (Hemmingson & Karlsson, 2007). The net benefit is stated SEK/kWh and as 

this figure is hard to predict 0,02 SEK/kWh is sometimes used as a standard (Jensen, 2007) 

3.1.1 Windmills 

During 2011 there were about 1900 windmills installed in Sweden. In 2012 there was even an 

increase by 33% compared to 2011 (Energikunskap, 2009b).  

An important aspect to consider before building a windmill that is higher than 20 meters 

above the ground, is that you may need to apply for construction permit. However, if the 

windmill is to have an authorization procedure according to the Swedish Environmental 

Code, no building permission is needed.  In the plan- and building regulation there are 

different rules about building permissions of a Windmill (Vindlov, 2009). 

 

Figure 3 Description of energy flow for a windmill (Energikunskap, 2009c) 

A windmill works as follows: The movement from the wind is transformed to electric energy 

through a windmill; power is then transferred from the spinning blade through an axle and a 

gearbox to a generator. In the generator the energy from the movement transforms into 

electricity (1). The electricity is then transformed to the right voltage for the electricity net in 
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a transformer (2) and is after this supplied to the electricity net (3). The electric power is after 

this ready to be used in households (4). The windmills generally produce most electricity 

when it blows between 4 and 25 meter per second and are most effective when it blows 12-14 

meter per second. If the wind strength is either too low or too high for the mill, electricity 

production is stopped (Energikunskap, 2009c). This is due to the heavy burden on the 

mechanic parts of the windmill, and if the wind strength is too low it cannot support both the 

mill and produce energy (Vattenfall, 2013). 

In Sweden it is usually windier in the winter than it is in the summer, which is a good thing as 

we need more electricity during the winter (Energikunskap, 2009c). 

The future wind conditions are very hard to predict. Different scenarios from different 

climate models result in either a decrease or an increase of wind (SMHI, 2013). This also 

results in a more uncertain investment calculation, as the wind speed has a major impact on 

the production, which has a direct linkage to the profit. 

3.1.2 Solar Cells 

Solar cells are an interesting technology for warehouse operations as these often have a flat 

roof that provides a good area for installation. 

Already on the 1950s solar cells started to provide satellites with electricity and during the 

1960s and 1970s they started to compete with other electricity alternatives. In Sweden, for 

example, in 2009 there were about 20 000 households that were provided by solar cells and 

all the lighthouses on the coasts were also driven by solar cells (Energikunskap, 2009a). In the 

end of 2012 there was about 23,8 MW installed solar cell capacity in Sweden. It can also be 

seen that the interest for solar cells is increasing in Sweden (which may  be linked to the 

reduced prices); in 2012 for example twice as much was installed than the year before 

(Swedish Energy Agency, 2013f) 
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Figure 4 Description of energy flow for solar cells (Energikunskap, 2009a) 

Today the ordinary way to locate the cells is on the roof on houses or other buildings. The 

solar cells transform the sunbeams to electricity with the help of what is called solid-state 

material
11

. There is a voltage between the front and the back of the solar cell which happen 

when the squirts hit the front of the solar cell (1). There is a pipe connected between the front 

and the back of the cell where electricity can be drawn (2). The process is ongoing as long as 

the solar cell is illuminated but when the light disappears it stops (3) (Energikunskap, 2009a). 

It is possible for companies, organizations and private persons to get an economic support 

on maximum 35% on the investment cost when installing solar cells for electricity use; the 

government has allocated 210 million SEK for this purpose. The aim with this is to contribute 

to a change of the energy system of today towards renewable sources and to support the 

industries in changing within the energy area. To receive economic support, the last day for 

installation is the 31 December year 2016 (Swedish Energy Agency, 2009). 

                                                           
11

 Solid-state material – is a group of material that leads electric power quite bad, but does not stop the electricity 

completely. A solid-state lead power more badly than a leader but better than an isolator. Silicon is an example 

on a solid-state material. 
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Using solar cells makes it possible to reduce the electricity costs while producing less 

harmful electricity. Solar cells have a long life span and they do not need a lot of maintenance 

(Norden solar, 2013a). However, there are some disadvantages as well. One is that the sun 

does not shine all the time (Norden solar, 2013b), which results in that the production varies 

due to the weather conditions. And as the sun is source to the power, there is some seasonal 

variation to keep in mind. 

3.1.3 Lighting 

The lighting in Sweden stands for about 14 TWh of electricity each year, whereas 10 TWh is 

used by companies and public activities (Belysningsbranschen, 2013). An inventory of energy 

use by the Swedish Energy Agency has shown that for example offices that invest in an better 

and more modern lighting system, can be able to make huge investment- and energy savings 

(Swedish Energy Agency, 2012b).  

Different facilities have different needs; due to this lighting control is a good alternative to 

the regular switches. When premises are empty or not manned all the time, there can be huge 

energy saving by lowering of the lighting from normal setup (Smartbelysning, 2012b).  

Lighting controlled by motion is a system controlled by the presence of motion. It 

functions in the way that it ensures enough light in an area where people are present and it 

adjust the light to a lower level, without shutting it down completely, when the area is empty. 

If someone enters the area again, the light will increase automatically (Smartbelysning, 

2012c). 

Sequence lighting, is another alternative, which is instead controlled by the absence of 

motion. The system functions in the way that when a person enters an area, the light has to be 

manually set to full strength. The lights will then automatically reduce its strength when the 

area is empty again (Smartbelysning, 2012b). 

Warehouses are a good example of premises that can use lighting control to save plenty of 

energy. A big energy loss takes place in the alleys where about 80 % of the energy can be 

saved by guarding the movements (Smartbelysning, 2012c). 

To bear in mind when looking at sensors, it is important to know how the electricity is 

routed. This as a rerouting may be expensive and therefor make the investment non-profitable 

(El-Otto, 2013) 
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3.2 Heating 

3.2.1 District heating  

The basic idea with district heating is to use otherwise lost resources, which can be waste 

material from forestry or regular waste heat from an industry (Svensk Fjärrvärme, 2013a). 

District heating is a water carried heating system (Swedish Energy Agency, 2013g) and is the 

dominant form of heating in Sweden (Swedish Energy Agency, 2013h). The heating is as 

mentioned distributed via hot water that has a temperature between 70 and 120 degrees 

Celsius (Swedish Energy Agency, 2013h). The fuel used to heat the water is dependent on 

what the provider has access to, and is often a mix of different alternatives (Svensk 

Fjärrvärme, 2013a).  

In the timeframe within two decades, Sweden has been able to lower its CO2 emission by 

20% and one of the factors driving this decrease was district heating (Svensk Fjärrvärme, 

2013b). In Sweden, district heating started among pioneers in the end of the 1940s. It was 

engineers among the energy facilities in the community who saw the opportunity of creating 

heat and electricity in district heating power plants. The system had, however, been tested 

already in the end of the 19th Century in USA and Germany. The breakthrough in Sweden 

came during the 1970s (Svensk Fjärrvärme, 2013c). 

In Sweden 60 TWh of district heating was distributed during 2010. This was an increase of 

28% compared to the year before (Energikunskap, 2009d). 

 

Figure 5 A heating system in miniature Figure 6 Example of how a district heating net can look 

(Energikunskap, 2010)   (Göteborgs Energi, 2013) 

The system is similar to the human bloodstream (Göteborgs Energi, 2013) where the water is 

the blood and the boiler and heat exchanger is the heart. 

(1) The water is heated up in a boiler and then routed to a heat exchanger. The fuel for the 

boiler can vary depending on what the company has access to. (2) Next step is to forward the 
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heating from the exchanger to the district heating net. The net is built up by pipes lying 

underground, and distributes the hot water to the heating centrals in buildings connected to 

the service where it provides both heating and to heat tap water. (3) The used water then 

circulates back to the central with a temperature between 40° and 50°Celsius (Energikunskap, 

2010; Svensk Fjärrvärme, 2013c) 

 

3.2.2 Sun Panels 

Sun panels are another efficient alternative to provide heat to a building, this through 

warming the air in the ventilation system. Earlier, houses were built in wood that took care of 

the warmth from the sun. But it was in the 1970s that solar heating technique started to grow 

(Energikunskap, 2009e). 

 

Figure 7 Description of energy flow for a sun panels (Energikunskap, 2009e) 

The sunbeams convert to heat through the sunlight that shines on a flat black surface (1). The 

warmth that forms is transported with the help of fluid or gas and arrives at an accumulator 

vessel
12

 that is filled with water (2). In the accumulator vessel the warmth leaves the liquid 

and circulates back to the sun panel where it is heated again (3). The warm water in the 

accumulator vessel goes finally out in the building to warm water and radiators (4). There is a 

need for waterborne radiators to heat a building with sun panels (Energikunskap, 2009e).  

To install a solar heating system there are quite big initial outlays, but it reduces the cost 

for energy that is bought. The profitability of solar heating is increasing with low interest rates 

and increasing energy prices. When the heating system is paid, solar heating is cheaper than 

other alternatives due to the low operating costs. The sun panels’ lifetime is also very long 

compared to other heating systems that exist today (Swedish Energy Agency, 2013i) When 

talking about heating systems; solar heating is the system that has the smallest environmental 

impact, because it does not give any discharge to the air (Swedish Energy Agency, 2013i). 

                                                           
12

 Accumulator vessel – a water magazine that stores energy in form of warm water 
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3.3 Calculations 

In this section we will describe the different theories used to fulfill the aim with this thesis 

when calculating on the different alternatives proposed for the warehouse, as an aim to see if 

the alternatives are cost-effective or profitable.  

3.3.1 Net Present Value 

By calculating the Net Present Value (NPV) you are able to compare the cost and benefit of a 

project in a common unit - its value today in a currency of your own choice. As costs and 

benefits often occur at different times during the project’s lifespan, you need to take the time 

value of money into consideration (money today is worth more than money tomorrow); this is 

done by using a discount factor
13

, which allow you to express a future value in terms of a 

present value (Berk & DeMarzo, 2011).  

                                                    

The decision rule for NPV is that you should chose to invest in a project with a positive 

 NPV, as this is equivalent to receiving the value in cash today (Berk & DeMarzo, 2011). 

E.g. you are able to invest 100 SEK in a project that would return 25 SEK each year for four 

years. Risk-free rate is 2%.            
  

     
  

  

        
  

       
  

              

3.3.2 Pay Back Time 

The payback investment rule is an alternative investment rule to apply to single, standalone 

projects. It is applied by calculating the time needed to pay back the initial outlay and then 

comparing it to the payback time valid for projects.  

The decision rule is to only choose to invest in projects that pay back the initial outlay 

within the decided payback time (Berk & DeMarzo, 2011). 

E.g. A new solar cell system costs 100’000 SEK and will save you 10’000 SEK each year. 

             
       

      
            

3.3.3 Linear Depreciation 

Depreciation is a yearly reduction of the value for a firm’s fixed assets (other than land). A 

linear depreciation implies that this reduction is based on the asset’s cost divided equally over 

its lifespan (Berk & DeMarzo, 2011). 

                                                           
13

 The discount factor makes it possible to express future value in today’s value by decreasing its value.  
 

   
 is 

called the one year discount factor, and  ‘r’ is the risk-free rate (also known as the discount rate) 
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E.g. A new solar cell system costs 100’000SEK and has a lifespan of 25 years. 

             
       

       
                                  

3.3.4 30- and 20-rule of Depreciation 

When applying the 30-rule of depreciation you can allow a maximum of 30% of the 

depreciation based on the opening book value for the specific year. Depreciation according to 

the 20 rule is always based on the initial outlay and is always on 20%, that means that the 

depreciation time is on five years and the amount is always the same. These two rules are 

often used together, applying the rule that results in the highest depreciation (Hogia, 2011). 

E.g. A new sun panel system costs 300’000 SEK and has a lifespan of 25 years. 

30 rule  
 

20 rule 

year 1 =300000 x 0,3 =     90 000 SEK  
 

year 1 =300000 x 0,2 =   60 000 SEK  

year 2 =210000 x 0,3 =    63 000 SEK  
 

year 2 =300000 x 0,2 =   60 000 SEK  

year 3 =147000 x 0,3 =    44 100 SEK  
 

year 3 =300000 x 0,2 =   60 000 SEK  

year 4 =102900 x 0,3 =    30 870 SEK  
 

year 4 =300000 x 0,2 =   60 000 SEK  

year 5 =72030 x 0,3 =    21 609 SEK  
 

year 5 =300000 x 0,2 =   60 000 SEK  

This would suggest that you use the rule of 30 per year the first two years, and then change to 

apply the 20-rule of depreciation for the three last years (leaving the depreciation at 27000 

SEK year 5) 
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4 Empirical Results 

This chapter aims to give the reader an overview on the empirical data we have collected 

during our work with this thesis. We will also present our reference company.  

 

4.1 The Company – Volvo Group Logistics Services 

As mentioned earlier we got the opportunity to write a thesis for Volvo Group Logistics 

Services (VGLS). This company is fully owned by the Volvo Group (Volvo Group, 2013a) 

which has Environmental Care as one of their core values. This has been something 

incorporated in the business since 1972, when the UN conference on the Human Environment 

was held in Stockholm, Sweden (Volvo Group, 2013b) 

The Group has actively worked with reducing their energy consumption per produced unit, 

and has decreased it with 20 % since 2003 (Volvo Group, 2013c). They also invested in new 

technologies to be able to use cleaner energy. Two examples of this are the production 

facilities in Ghent, Belgium and North River Valley, USA where windmills have been 

installed. In Ghent, the windmills produce 50% of the electricity used (Volvo Group, 2013d) 

and the windmills in North River Valley produced 1000 kWh each month last year (Volvo 

Group, 2013c). 

VGLS, which was formed in 2012 by a merger of Volvo Logistics Corporation
14

 and parts 

of Volvo Parts
15

, is of course affected by the core values of the Volvo Group. The company 

has 17 Key Performance Indicators that are monitored by the management team. There is one 

for environmental question, which includes energy consumption (Djuricic, 2013). 

Historically, most efforts within the environmental area have been done by VLC and have 

therefore concerned transportation. As from the merger, the focus now also lies on the 

warehouse operations, and to make them more energy efficient (Djuricic, 2013). 

As mentioned in section 2.1 we have used VGLS warehouse facility (called S3) in 

Arendal, Gothenburg as our reference building when comparing different alternatives to each 

other as well as a base for financial calculations. The S3 warehouse is located in an industrial 

area of Gothenburg, called Arendal, and is built very close to the sea. The warehouse 

operation is divided in two shifts; day and evening and is closed during the nights and 

                                                           
14

 Volvo Logistics Corporation (VLC) was the former name of the company in charge of the transportations 

within Volvo Group. 
15

 Volvo Parts – was the former name of the warehousing company within Volvo Group. 
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weekends. The warehouse is heated through district heating, and the consumption of both 

heating and electricity is monitored. 

4.2 Empirical Data 

At our first meeting with our supervisors at VGLS we learned that the Volvo Group is already 

using sustainable energy at two of their production sites; The North River Valley-plant 

(NRV), USA, has four windmills and the Volvo Truck factory in Ghent, Belgium, has both a 

windmill and solar cells. 

We were also told that the NRV-plant had used an external consultant agency when 

financing their energy efficiency improvements. A special arrangement facilitated this step, as 

the external consultant agency took on the initial costs until break-even. In return they wanted 

a share of the profit during a set time frame. This way, the NRV-plant could go ahead with 

their improvement work, without any effect on their short term result.   

The visit at VGLS S3 was held on a Tuesday between hours 1330-1600, which was longer 

than the one hour we had planned for. When first arriving to the warehouse, we 

acknowledged that the building is a typical warehouse facility, which for example means a 

big flat roof and fences on the outside. The area surrounding the building consists of other 

industry facilities as well as parking lots, open areas and a small grove of trees. The building 

construction is perfect for the use of solar cells or sun panels, and in the surroundings there 

are quite many windmills operating already. This started the thinking of using renewable 

energy in the operations. 

The meeting at S3 was held with Daniela Andreasson and was scheduled for one hour, but 

we ended up staying for two and a half hours. First part of the meeting was an open interview 

with Daniela at her office, which lasted around one and a half hour. After that we had an 

observational walk in the warehouse, which was during working hours.  

During the open interview we learned that the operations moved in to the building in 1998, 

when it was brand new. We also learned that the lighting used within in the building differs 

from area to area. Low-energy lamps are used in the offices, changing rooms and the coffee 

room, but the toilettes have old-fashioned lamp bulbs. Changing rooms and the coffee room 

are also equipped with sensors controlling the lights. In the actual warehouse fluorescents are 

used. These fluorescents were all changed four years ago. However the new ones do not seem 

to have the quality promised and needs to be replaced quite often. Today, the warehouse is not 

equipped with sensors but the lightings are divided into different sectors, which make it 

possible to have different light settings in different areas of the warehouse.  
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All office personnel has switches to their power strip and therefor the possibility to turn off 

their electrical equipment on their desks, instead of just putting them on stand-by. 

Unfortunately, this possibility was not heavily used and instead we got the impression that 

there was a resistance towards switching off the power strip. The reason for this was that the 

common opinion was that there was a bigger need for energy when turning on the computer, 

than was used when putting it on stand-by. 

Today, the warehouse sorts their waste and can in that way reduce their costs and also 

retrieve an income for some of the materials. This is however not visualized or communicated 

to the personnel, which is a shame as it could work as an encouraging factor for further 

improvements. 

We were informed that there have been thoughts on making calculations for installing a 

windmill, but these thoughts have not yet been put to reality. There have also been 

discussions about using sensors in the warehouse area, but no further actions have been taken. 

After the interview, we had an observational walk in the warehouse. During this, there was 

a switch from day to evening shift. This allowed us to see that a shift starts with a meeting, 

and during this time, when all workers were gathered in one small area, the lights were on in 

all areas of the warehouse. This gave us the idea of saving energy with the help of sensors for 

the lighting. We saw that in the room where the trucks are charged, sensors for lighting are 

installed. The trucks used within the operation need to be charged 8-10 hours when they reach 

20% remaining capacity (this is usually done during the night or weekend), and the chargers 

used are modern and control the charging procedure automatically. This means that when full 

capacity is reached, the charger go down to “zero-mode” and uses no energy. This results in 

that the lifetime of the batteries is maintained. Christian Nagel at STHIL made us realize that 

it was not possible to reduce the energy used for charging the trucks as the modern chargers 

already made sure that a minimum amount of energy was used. There are also smaller pallet 

trucks used in the operations. These are mostly used during day-shift, and only need to be 

charged 12 hours once a week (for average use). 

It also came to our knowledge that there was a compressor on the second floor, to provide 

air to pneumatic equipment used during packaging of goods. This compressor is on all the 

time, and after speaking with Peter Eliasson (2013, phone call, 19
th

 of April), at EB 

Tryckluftservice who installed the compressor, we realized it would be more energy 

consuming to shut down the compressor every night and during weekends, and then having to 

startup the system at the beginning of each workday. This is due to that the energy consumed 

to retrieve the correct pressure in the system is much higher than the consumption for 
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maintaining the pressure, which is almost close to zero. The compressor only consumes 

energy when it needs to raise the pressure in the system, either after usage or when starting 

the system.   

During our observational walk, Daniela showed us big whiteboards which are used during 

startup meetings. Before each shift, all employees need to participate in a VPS-meeting. VPS 

is the Volvo Production System, and is a way of working with lean management
16

. During 

these meetings different issues are monitored and followed up, one is the energy used for 

electricity and heating. For office personnel the question of completely shutting down the 

computers or leaving them on standby are asked each morning during these meetings. Praxis 

is that the computers should be completely shut down but there seems to be a resistance to 

this and the computers are all too often just put on standby. 

The warehouse has worked with management systems for a long time and has now started 

to work with lean management. We think that this can be very helpful in starting the work 

towards becoming more energy efficient, as the personnel are familiar with working in 

structured ways.  

We would also like to mention that we have received information through phone calls and 

e-mails, which has helped us in our calculations. These are however not accounted for in 

more detail here.  

  

                                                           
16

 Lean Management – simply put, lean means that companies are creating more value for their customers with 

fewer resources (Lean Enterprise Institute, 2013). 
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5 Analysis 

For our analysis work we will put focus on renewable energy. The reason for this is that we 

felt that the awareness for saving energy was higher than for producing renewable energy and 

therefor do not need as much focus as the latter. 

We have also chosen to proceed with alternatives for electricity; the three potential projects 

suggested are solar cells, windmills and sensors for control of lighting. This is due to that we 

find these parts to have the biggest improvement possibilities as most warehouses within 

Sweden already today have good heating systems. 

5.1 Windmills 

As mentioned in section 2.5.1 there are already windmills operating in the area surrounding 

S3, which implies that the area is highly suited for power produced by windmills. Due to too 

many parameters effecting the calculation for NPV of a windmill, we have not been able to 

come to any trustworthy result that can be shown in the thesis. The calculations were based on 

an investment plan for 20 years, with the average wind speed for the area (7,3 m/s). The 

conclusions we can draw from the calculations indicate that if S3 were to install a 2MW 

windmill, this would result in a negative NPV on either -14,6 MSEK with use of 30-20 rule or 

-15,2 MSEK with linear depreciation. The initial outlay and operating costs will be too high. 

We do believe, however, that if all companies within the Volvo Group located in Arendal 

were to co-fund the windmill the outcome of the investment would be different and probably 

have a positive NPV. Unfortunately this goes beyond the scope of this thesis. Detailed 

calculations are provided in Appendix B.  

5.2 Solar Cells 

Solar cells are ideally suited for the warehouse that we have studied because of the size and 

type of roof of the building. With the flat roof, we can adjust the angel and direction of the 

cells to reach the best effect in accordance to the sunbeams. As mentioned in section 3.1.2 

there is a possibility to apply for a financial support for installation of solar cells. The usage of 

this support has a big influence on the NPV in our calculations. 

We have looked into two different sizes of solar cells systems, one on 300W and one of 

600W. The bigger system will cover all of the need for our test building on a yearly basis, but 

there will of course be a seasonal variation in production capacity. This seasonal variation has 

not been taken into consideration for our calculation; instead we have used the yearly figures. 
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The results from our calculation shows that it will not be profitable for a warehouse to 

invest in a system that produces less electricity than is used, as this will still leave a cost for 

bought energy. Instead they should invest in a bigger system, covering all of their needs. This 

will lead to a higher initial outlay, but be more profitable as any costs for bought electricity 

will be erased. If S3 were to invest in a solar system of 600W (covering all of their need) this 

would result in a net present value (NPV) of 7,1 MSEK for an investment plan on 25 years if 

using the 30-20 rule of depreciation. The payback time for the investment is slightly below 

nine years. If the financial support on maximum 35% of the investment cost were to be used 

(all other things equal), this would result in an NPV of 9,3 MSEK and a payback time slightly 

below six years. 

For the same investment, but using a linear depreciation of 10 years, the NPV would be 7 

MSEK without the investment grant and 8,8 MSEK with the grant. 

We would, based on the results from our calculation, suggest that S3 starts to produce their 

own electricity from solar cells instead of buying it externally. We would also suggest that 

they apply the 30-20 rule for depreciation as this results in a higher NPV than when using the 

linear depreciation. Detailed calculations are provided in Appendix C.    

5.3 Lighting - sensors 

In section 3.1.3 we mention that warehouses have a big saving potential in electricity by a 

smarter use of lighting control. The figures show up to 80% reduction in energy usage, we 

have, however, used a more modest figure in our calculations and only counted on a 40% 

reduction. According to our calculation, an investment in sensor for control of the lights in 

both small parts picking area and general cargo picking area would result in a positive NPV. 

If the sensors were to save 40% of the energy use, the result would be an NPV of almost 

580tSEK using linear depreciation on an investment plan of 25 years. If 30-20 rule was 

applied instead, all other equal, the NPV would be almost 620tSEK. With these figures we 

would suggest that S3 were to install the sensors for lights. In addition to the positive NPV, 

this is a quite simple action to take in order to become more energy efficient; it is also the 

least expensive measure to take in comparison to the alternative of producing renewable 

energy presented above. Detailed calculations are provided in Appendix D. 

We have only made calculations for the warehouse area, but we can see the benefits of 

installing sensors in all general areas, like toilettes, printer room, and shower area etcetera. 

Also, the light bulbs in the toilettes should be changed to low-energy alternatives. 
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As mentioned in section 3.1.3, there might be a need to re-route the electricity when 

installing sensors. Looking at the S3 facility, this was not needed and there is therefore no 

cost for this included in our calculations. 
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6 Discussion & Conclusions  

The purpose with this thesis was to find efficient energy solutions within warehouse 

operations. This was achieved by looking for ways to increase energy efficiency but also by 

investigating the possibilities to produce own renewable energy. 

 

As energy consumption is the major contributor to GHG emissions in the world, it is 

important that we increase our actions towards using less energy. We also need to work 

harder with the exchange towards renewable energy production. There are governmental 

targets and initiative taken, but these may not be enough. 

Sweden is one example of a country that needs to put in a lot more effort in its work 

towards becoming more energy efficient; this as the prognosis indicates an increased energy 

use up until year 2030. 

During the process of writing our thesis, we have seen that there are various barriers in an 

organization which may hold back the efforts towards becoming more energy efficient. One 

of these is the human behavior, which can either enhance or moderate even the best of 

techniques. Information is an important key as a person must be aware on how their actions 

are affecting the outcome. 

Another important barrier is the lack of concrete guidelines from the politicians. There are 

regulations in place already today, but we see that there is room for more regulations and 

more incentives for companies to really engage in the subject. Just as information is the key 

for getting employees in the right spirit for an organization, the same goes for the inhabitants 

of a nation. Energy efficiency must be higher on the political agenda, and it must be discussed 

more publicly to show the importance of the subject. 

In addition to above, the financial perspective for an organization is often based on short 

term profits while an investment in either energy efficiency or renewable energy production 

needs a long term investment plan. This potential barrier, has however been solved once by 

Volvo Group, when they used an external consultant to take on the investment cost of the 

windmills in North River Valley, USA. Even if there is no such solution possible, we do think 

that a company should carefully consider an investments towards more efficient energy use 

before closing the door. This as there is plenty of positive example to be found on such 

investments, both from an environmental and financial point of view.   
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In Sweden, we have examples of companies working with energy efficiency, which has led 

to great results (as mentioned in section 1.2).  

We have seen that there is a possibility for a warehouse to produce its own renewable 

energy, with profit, in order to be self-sufficient. When looking at the successful examples 

and the possibilities of energy efficiency, it is surprising that there are not more companies 

working with their energy usage and aiming towards becoming more energy efficient. There 

are solutions on the market, which are not expensive and will have a direct effect on the 

energy usage; one of these is sensors for control of the lights.  

We conclude from our investigation that the work within the energy area at S3 today is 

already elaborate in several aspects. To exemplify, the chargers for the trucks are modern and 

use a minimum amount of energy. Low energy lamps are installed at the offices, changing 

rooms and the coffee room. In addition, changing rooms and coffee room are also equipped 

with sensors controlling the lights. The office personnel have switches to their power strip, 

but don’t usually turn them off.  The energy consumption is monitored monthly and is 

displayed on the VPS board, and the building is heated by district heating. However, we do 

not feel that this is enough. One of VGLS core values is environmental care, and this should 

influence all different parts of the company. Warehouse operations are generally considered to 

be low energy intensive but this should not result in less commitment towards improvement in 

this area. As mentioned in section 5.3 we believe that sensors should be installed in all general 

areas, as this is a simple solution and it is not an expensive one.  

One major area to work with, and which we believe needs the most focus, at least in the 

short run, is the employees. As mentioned in section 1.2, as well as above, one of the barriers 

towards becoming more energy efficient is the behavioral barrier, and this can be overcome 

by information. Information and knowledge is the key towards more engagement, and we 

believe that this is an area that has a big potential for improvement. It is not expensive and 

can therefore be achieved even if there is no room for any major investments. We believe that 

it would mean a huge improvement in energy consumption if S3 can get their personnel more 

engaged and more enlightened.  

If S3 were to make any investment on energy efficiency, we recommend the warehouse to 

install sensors for controlling the lightings in the warehouse area. 

Our investigation is not broad enough to draw any general conclusions from our results. 

However, drawing conclusions from our investigation in the Swedish warehouse, it is possible 

to be self-sufficient in a profitable way when producing renewable energy. What we can see, 

it is important to carefully choose the source and size of the system, to be able to match it 
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with the own consumption. Our investigation shows that it is not profitable to produce more 

energy than what is used, with the preconditions in the energy system of today. When 

speaking about electricity, we can see that it is more profitable for a company to invest in 

solar cells in order to cover its own need than to invest in wind power and then sell the 

overproduction.  

If S3 wants to invest in renewable energy, enabling it to avoid electricity purchases from 

third parties, we would suggest solar cells, with a system size on 600W to cover all of their 

consumption, to avoid purchasing electricity from a third party. Installing a smaller system 

would not cover the need, and would result in a need for purchased electricity, which would 

then eliminate the profit. Important to keep in mind is that if there is even a slight chance that 

a solar cells solution is to be installed, an application for the investment grant should be sent 

immediately as the process for handling the applications has a long queue. We would not 

recommend S3 to invest in wind power, as their energy consumption is too small. If any 

windmill is to be installed in Arendal, this should be done in order to provide the Volvo 

Group buildings in the area with energy. This is due to the big initial outlay and the fact that 

the consumption of all Volvo Group buildings in Arendal should be counted in when 

calculating for a windmill investment of this kind.  

We would, however, suggest that Volvo Group Logistics Services do their own financial 

calculations before taking on any investment suggested in this thesis.  

Looking back at the compilation of this thesis, we are satisfied with what has been 

accomplished and we see that the result is useful for not only S3, but to other warehouse 

facilities both within and outside the Volvo Group as well.  

Even if our thesis may have contributed with one small piece in the big puzzle of energy 

efficiency and renewable energy production, we do feel that this is an area that needs further 

research. 
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Epilogue 

 

When compiling this thesis, we quickly realized that the subject we had chosen was very 

broad and complex, so we had to make more limitation to our work than we first anticipated. 

Deciding on a smaller scope for the thesis was not hard, as we had a clear picture on what we 

wanted to achieve. In addition to the limitation, we had to change our original purpose, which 

was only to find ways to make the warehouse more energy efficient, to also include the 

production of renewable energy. This was due to the preconditions at the warehouse but also 

to the lack of useable literature. Overall, we think that the completion of the thesis went 

smoothly, without any major incidents. The only difficulty we faced was to get help with our 

calculations, but in the end this was solved in the best possible way. 
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APPENDIX A – Table; Classification of 

barriers to energy efficiency (Based on Sorrell et al., 2004)  

Category Theoretical 
barriers 

Comment 

Market failure/ 
market imperfection 

Imperfect 
information 

E.g.  lack of information, may lead to cost-effective energy 
efficiency measures not being undertaken 

 Adverse selection If a seller knows more about a product than the buyer does, the 
buyer may select goods on the sole basis of price or visible 
aspects 

 Principal-agent 
relationship 

Strict monitoring and control by the principal, since he or she 
cannot observe what the agent is doing, may result in the 
overlooking of energy of energy efficiency measures 

 Split incentives If a person or department cannot benefit from an energy 
efficiency investment, the most likely outcome is the nontake-up 
of the measures 

Nonmarket failures/ 
nonmarket 
imperfections 

Hidden costs Include overhead costs related to the investment etc. 

 Access to capital Limited access to capital may lead to cost effective energy 
efficiency measures not being implemented 

 Risk Risk aversion may result in cost effective energy efficiency 
measures not being undertaken 

 Heterogeneity A technology or measure may be cost effective in most locations 
but not in others 

Behavioral barriers Form of 
information 

Information should be specific, vivid, simple and personal in 
order to be used successfully  

 Credibility and 
trust 

The source of information must be considered credible and 
trustworthy by the receiver  

 Values Energy efficiency improvements are more likely to be of interests 
if the organization consists of individuals with real ambition 

 Inertia Individuals are often hesitant to change which may, in turn, result 
in the overlooking of cost-effective energy efficiency measures 

 Bounded 
rationality 

Decisions are often made in constrained environments that result 
in limited, or bounded, decisions, i.e., nonoptimal from a fully 
rational point of view 

Organizational Power Low status of energy managers may lead to low priority for 
energy issues 

 Culture Over time, organizations may encourage energy efficiency 
investments by developing a culture characterized by 
environmental values 

[Adapted from table 3.1 on page 40-41,Thollander, P. & Palm, J., 2013,  Improving Energy Efficiency in Industrial 

Energy Systems – an Interdisciplinary Perspective on Barriers, Energy Audits, Energy Managements, Policies and 

Programs, Springer-Verlag, London] 
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APPENDIX B – Calculations Windmill 
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APPENDIX C – Calculations Solar Cells 
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APPENDIX E – Technical & Financial Data 

 

Source:

Conditions: Min Average Max

Windmill (W110-2.0 WM, Vestas) 1 Vestas 2013

Swept area 9 503,0 m2

Cut-in speed 3 m/s Vestas 2013

Cut-out speed 20 m/s Vestas 2013

Production rate 80%

Lifespan of windmill (year) 20 Chalmers 2013

Windconditions m/s (90-100 m) 7,1 m/s 7,3 m/s 7,5 m/s Vindlov, 2013

Air density 1,3 kg/m3 Statens provningsanstalt, 2013

Kinetiska effekten (kW) 1 701 kW 1 848 kW 2 005 kW Vinkraft 2009

Production capacity 2MW (kwh) 14 897 380 kWh 16 192 109 kWh 17 559 762 kWh

Lifespan of solar cells (years) 25 Energimyndigheten, 2007

Production capacity [solar cells] 285 000 kWh 579 000 kWh Norden Solar 2013

Terminal Value [windmill] 2% Vindkraftsbranschen, 2009

Terminal Value [solar cell] 1% Assumption

Reduction of electricity [sensors] 40% 50% El-Otto, 2013

Corporate tax 22% Skatteverket, 2013a

Energy Tax 0,293 SEK/kWh Skatteverket, 2013b

Inflation 2,00% Sveriges Riksbank, 2013

Inpayments

Electricity 0,324 SEK/kWh Nord Pool Spot, 2013

Certificates 0,234 SEK/kWh NOTE! Only valid year 1-15 Svenska Kraftnät, 2013

Net Benefit 0,020 SEK/kWh Jensen, 2007

Investment grants [solar cells] 35% Energimyndigheten, 2009

Costs

Initial investment [windmill] 20 000 000 SEK 26 000 000 SEK Svensk Vindenergi, 2012

Operating costs [windmill] 0,100 SEK/kWh 0,160 SEK/kWh Svensk Vindenergi, 2012

Size on Solar System 300 kW 600 kW Norden Solar 2013

Installation [solar cells] 450 000 SEK 914 211 SEK Norden Solar 2013

System costs [solar cells] 8,71 SEK/W Norden Solar 2013

No of boxes with steering equip. [sensors] 15 pcs. El-Otto, 2013

Cost per box [sensors] 6 000 SEK 7 000 SEK El-Otto, 2013

Cost of debt 1,58% 298 360 SEK 387 868 SEK

Cost of equity (CAPM) 5,56% 1 111 459 SEK 1 444 897 SEK

Rf 2,51% See information on sheet 'Rf'

Rm 4,15%

Beta (β) 1,86 Avanza Bank, 2013

WACC 2,32%

Cost of Debt (Rf + credit risk rate)(1-T)

Rf 2,51%

Credit Risk Rate (Moody's) 2 Moody's, 2012

Moody's, 2009

Corporate Tax 22%

Cost of Debt 1,58%

Rm calculation Sveriges Riksbank, 2011

Volvo B Dividend / share 3 SEK Avanza Bank, 2013

Volvo Net Income / share 140 SEK Volvo, 2013

D / P Ratio 2,15%

Inflation Swedish target 2%

Rm 4,15%

WACC Calculation

D (Total Debt) 180 578 000 SEK Volvo, 2013

E (Shareholder's Equity) 41 053 000 SEK Volvo, 2013

Kd (Cost of Debt) 1,58%

Ke (Cost of Equity) 5,56%

WACC 2,32%
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APPENDIX F – Energy Usage & Cost 
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APPENDIX G – Meetings held with VGLS 

Date Type of meeting Participants Location 

28/3 
 

 

 

 

Startup meeting with VGLS. Both part 

shared their view on the essay and some 

useful information was shared. 

Documents regarding thesis work at 

Volvo was signed as well 

Malin Berntson 

Andrea Holmstrand 

Nebojsa Djuricic, 

VGLS 

Susanna Hambeson, 

VGLS 

VGLS office ARH, 

in Arendal, 

Gothenburg 

5/4 

 

Follow-up meeting, discussing 

‘Planeringsrapport’ at VGLS 

Malin Berntson 

Andrea Holmstrand 

Nebojsa Djuricic, 

VGLS 

VGLS office ARH, 

in Arendal, 

Gothenburg 

9/4 First meeting and tour at warehouse S3 Malin Berntson,  

Andrea Holmstrand 

Daniela Andreasson, 

VGLS 

S3 facilities in 

Arendal 

Gothenburg 

19/4 
 

 

 

Follow-up meeting at VGLS 
 

 

 

Malin Berntson 

Andrea Holmstrand 

Nebojsa Djuricic, 

VGLS 

VGLS office ARH, 

in Arendal, 

Gothenburg 

24/5 Follow-up meeting at VGLS Malin Berntson 

Andrea Holmstrand 

Nebojsa Djuricic, 

VGLS 

Susanna Hambeson, 

VGLS 

VGLS office ARH, 

in Arendal, 

Gothenburg 

 

 

 
 

 


