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Thesis project

Business Development
Market research and feasibility study of a PV-wind hybrid
power system for commercial use in urban areas.

Abstract
The definition of environmental sustainability has emerged strongly in the past decades. Industrial
organizations worldwide have gone through a number of changes to take their social responsibilities
and maintain sustainability by, among other things, replacing the conventional energy-based
applications by renewable energy-based solutions. A so-called hybrid power system for
electrification, consisting of wind turbines and solar panels, was developed by Vertical Wind AB to
be installed on rooftops of residential buildings. The present thesis project analyzed the willingness
of the large real estate companies in Uppsala region to adopt the new concept for electrification and
conducted a market research on the new developed wind turbines, by Vertical Wind AB, in addition
to solar- and wind resources in the target locations. It turned out that the willingness of having such
a power system for electrification was high but not extremely high as expected and the hybrid power
system was perceived as any other product or investment on the market where profitability is the
vital decision parameter while the environmental aspect was slightly considered.

Table of Contents
Abstract _______________________________________________________________________________________________ 1
2

3

Introduction _____________________________________________________________________________________ 6
2.1

Background ______________________________________________________________________________________ 6

2.2

Problem Statement _____________________________________________________________________________ 7

2.3

Project purpose _________________________________________________________________________________ 8

2.4

Limitations _______________________________________________________________________________________ 8

2.5

Business goals ___________________________________________________________________________________ 8

2.6

Project owner____________________________________________________________________________________ 9

2.7

Introduction to the concept ___________________________________________________________________ 9

2.8

Operational limitations _______________________________________________________________________ 10

Methodology __________________________________________________________________________________ 10
3.1
3.1.1

Concept development _______________________________________________________________________________ 13

3.1.2

Customer segment ___________________________________________________________________________________ 14

3.2

2

Customer preferences _________________________________________________________________________ 14

3.2.1

Qualitative and quantitative research ______________________________________________________________ 15

3.2.2

Interviews as a research instrument _______________________________________________________________ 15

3.2.3

Critical view of interviews __________________________________________________________________________ 16

3.2.4

Focus groups technique _____________________________________________________________________________ 16

3.2.5

Questionnaire as a research methodology _________________________________________________________ 17

3.2.6

Critical view of questionnaires ______________________________________________________________________ 18

3.3

4

Market Research _______________________________________________________________________________ 12

Interview questions and questionnaire design ___________________________________________ 19

3.3.1

Interview questions _________________________________________________________________________________ 19

3.3.2

Questionnaire design ________________________________________________________________________________ 19

3.3.3

Questionnaire ________________________________________________________________________________________ 20

3.3.4

Lead users____________________________________________________________________________________________ 20

3.3.5

Implementation______________________________________________________________________________________ 22

Introduction to solar and wind energy ___________________________________________________ 23

4.1

A brief introduction to wind Energy ________________________________________________________ 23

4.2

Wind power operation ________________________________________________________________________ 24

4.2.1

Wind turbines________________________________________________________________________________________ 24

4.2.2

Wind power generation _____________________________________________________________________________ 26

4.3
4.3.1

Solar cells ____________________________________________________________________________________________ 28

4.3.2

Photovoltaic cell characteristic _____________________________________________________________________ 28

4.3.3

PN Junction __________________________________________________________________________________________ 29

4.3.4

The operation of a photovoltaic cell ________________________________________________________________ 30

4.3.5

Semiconductors used in the solar cells _____________________________________________________________ 31

4.4

5

3

Solar power principles ________________________________________________________________________ 27

The Solar-Wind Hybrid Power System _____________________________________________________ 31

4.4.1

Current Rectifier _____________________________________________________________________________________ 33

4.4.2

Charge Controller ____________________________________________________________________________________ 33

4.4.3

Power Storage _______________________________________________________________________________________ 33

4.4.4

DC to AC Inverter ____________________________________________________________________________________ 34

4.4.5

Fuse Box______________________________________________________________________________________________ 34

4.5

Savonius wind turbine ________________________________________________________________________ 34

4.6

Developed Savonius Rotor ___________________________________________________________________ 35

4.7

Competing products ___________________________________________________________________________ 36

4.8

Wind energy potential ________________________________________________________________________ 37

4.9

Solar energy potential_________________________________________________________________________ 40

Results and Discussion ______________________________________________________________________ 42
5.1

Interview findings _____________________________________________________________________________ 42

5.2

Reflection and previous studies _____________________________________________________________ 46

5.3

Questionnaire findings________________________________________________________________________ 47

5.3.1

Improvement possibilities __________________________________________________________________________ 47

5.3.2

Aesthetic design _____________________________________________________________________________________ 47

5.3.3

Payback time _________________________________________________________________________________________ 48

5.3.4

Product life time _____________________________________________________________________________________ 49

5.3.5

Noise level ___________________________________________________________________________________________ 50

5.3.6

Likelihood of buying the hybrid power system ____________________________________________________ 51

5.3.7

Likelihood of recommending the hybrid power system to others_________________________________ 52

5.3.8

The need of the hybrid power system ______________________________________________________________ 53

5.3.9

Ranking of the entire concept _______________________________________________________________________ 53

5.4

Additional concept related feedback _______________________________________________________ 54

5.5

Discussion and previous studies ____________________________________________________________ 55

6

Finances and marketing ____________________________________________________________________ 57
6.1

Financial analysis ______________________________________________________________________________ 58

6.2

Production ______________________________________________________________________________________ 58

6.3

Installation ______________________________________________________________________________________ 59

6.4

Profit margin ___________________________________________________________________________________ 59

6.5

Investment appraisal__________________________________________________________________________ 60

6.6

Investment payback time _____________________________________________________________________ 61

6.7

Lower production volume ____________________________________________________________________ 61

6.8

Marketing Strategy ____________________________________________________________________________ 62

6.8.1

6.9

4Ps model analysis __________________________________________________________________________________ 62

Marketing Channels ___________________________________________________________________________ 63

6.10 Distribution _____________________________________________________________________________________ 63
6.11 Sales forecast ___________________________________________________________________________________ 64
6.12 Break Even point _______________________________________________________________________________ 65
6.13 Business Model Canvas _______________________________________________________________________ 65
6.14 Process and operation (4Vs) _________________________________________________________________ 66
6.15 Risk analysis ____________________________________________________________________________________ 67

7

Conclusions ____________________________________________________________________________________ 68

8

References _____________________________________________________________________________________ 71

9

Figures _________________________________________________________________________________________ 75

10

4

Appendix A - Vertical Wind AB analysis ________________________________________________ 77

10.1 Business and financial analysis ______________________________________________________________ 77
10.1.1

Strategic goals ____________________________________________________________________________________ 77

10.1.2

Mission statement ________________________________________________________________________________ 77

10.1.3

Vision statement __________________________________________________________________________________ 77

10.1.4

SWOT analysis ____________________________________________________________________________________ 77

10.1.5

Financial figures __________________________________________________________________________________ 79

10.1.6

Resources _________________________________________________________________________________________ 79

10.2 Process and operation management________________________________________________________ 80
10.3 Market demand ________________________________________________________________________________ 80

11

5

Appendix B – Questionnaire______________________________________________________________ 82

2 Introduction
2.1 Background
The concept of renewable energy sources has emerged clearly in the last century but most
recently this field has caught the interest of scientists and companies. As the world’s
population increases and thereby the energy consumption accelerates, more energy sources
have to be leveraged. Fossil fuel was extracted like never before, hydropower plants were
expanded, and nuclear power plants were established in a number of countries in order to
ramp up the electricity generation. Thus far the high demand was met at least in the wealthy
countries and the production of electricity increased based on those conventional energy
sources until people started to realize the harmful impacts of the fossil-based energy sources
on human beings and the surrounding environment.
The journey began then by searching for environmentally friendly energy alternatives which
gave wind- and solar energy an extensive push toward the limelight in hundreds of
researches and studies worldwide. Studies that have been translated into industrial
implementations and research that has been transformed into commercial applications.
Gradually, lots of large wind farms were built by leading companies within the energy sector
and a massive number of solar panel stations were set up in many places. But despite the
magnificent adoption of the renewable energy source concept by many companies around
the globe, the renewable energy still does not account for more than 20% of the total
electricity production worldwide (U.S Energy Information Administration, 2017). Obviously,
there are some reasons behind the low diffusion of the renewable energy implementations
for electrification. The lack of knowledge and financial resources might be the reason in the
developing countries but what about the wealthy countries that are very conscious of the
environmental issues? Why is the distribution of renewable-based electricity production
implementations still feeble?
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2.2 Problem Statement
Horizontal wind turbines are considered to be the best industrial implementation to utilize
the kinetic energy from the wind and transform it into electricity. But horizontal wind
turbines have some drawbacks and limitations with regard to commercial urban use. They
are noisy and, due to some technical limitations, challenging to be manufactured in smaller
shapes that could be installed on rooftops of residential buildings for electrification. In
contrast, vertical wind turbines, that in the past years have attracted large scale industrial
attention, could be designed in smaller noiseless versions but with less efficiency.
Vertical Wind AB is a Swedish company established in 2002 and operates within the largescale vertical wind turbine industry. The company has recently initiated a new project that
aims to produce smaller and noiseless vertical wind turbines to be installed on rooftops of
residential buildings intended for electricity generation. These wind turbines will be
developed based on the Savonius rotor technology (2 or more vertical half cylinders) for
vertical wind turbines. Vertical Wind AB has even succeeded to produce the first prototype
of this product and install it at the Antarctica to be part of a large ongoing research project
at Uppsala university.
The scope of the project will go even a bit further to combine the new product (Savonius
wind turbine) with solar panels in a so-called hybrid power system to increase the electricity
production. Thus, wind turbines will be one part of the current project and the other part
will be solar panels, but the focus of the thesis project will be put mainly on the hybrid power
concept including the new developed product (customized Savonius wind turbine). The
company has therefore set up a project plan for operational objectives to conduct a feasibility
study with regard to product adoption, mainly by real estate companies in Uppsala region,
and available wind resources as well as solar radiation. A market research for exploring the
new opportunities would be needed to identify the customer’s perception of the new concept
and to roughly investigate the willingness of the large majority of companies, operating
within the real estate sector in Uppsala, to replace the existing electricity supply with an own
environmentally friendly solution. The financial aspects, including production- and
installation options, will be investigated as well in order to make a proper decision about the
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new concept/product (keep, modify or terminate it?). Furthermore, the collaboration
opportunities might be discussed out of the current circumstances to leverage experiences
from leading actors and expand the company’s scope. Based on the potential customer
opinions and preferences, the thesis project will try to answer 2 questions:
1. To which degree the real estate companies in Uppsala are willing to embrace own
renewable energy-based alternatives for electrification?
2. Does the new electrification concept, based on the new Savonius wind turbine,
fulfill the business objectives for Vertical Wind AB?”

2.3 Project purpose
The purpose of the thesis project is to study the business perspective of the real estate
companies in Uppsala on having own environmentally friendly energy sources for electricity
production in their properties and thereby touches upon their environmental efforts.
Moreover, the project aims to provide a market research of the hybrid power system in urban
areas in Uppsala region, including wind and solar resources, and tries to conduct a financial
analysis with Poland-based production costs.

2.4 Limitations
Due to the thesis project scope, the study is performed only in Uppsala region with the large
actors on the market. There are obviously other large actors on the market operating in other
parts of Sweden that could not be included in the study. The study does not analyze the whole
spectrum of the environmental activities performed by the target companies. Additionally,
the business responsibilities and the available time of the respondent target group make it
very difficult to gather them in a mutual discussion intended for a deeper market research.
Moreover, some of the companies involved in the study do not have a responsible person for
sustainability matters.

2.5 Business goals
The business goal of the present project is to explore the situational opportunities leading to
a profitable operation through the new concept, hence the reason why the feasibility study
8

and market research are conducted. Based on that, the project owner endeavors to pursue a
high concept adoption by different customer segments in the real estate sector and thereby
a higher growth rate.
The long-term goal for this project is to reduce the consumption of electricity produced from
fossil-based fuel and other energy resources that have harmful environmental impacts. A lot
of countries that have an average wind speed of 5 m/s and an average solar irradiation of 4.5
kWh/m2 are continuously pursuing various renewable energy implementations to reduce or
even eliminate their independence of fossil fuels (Nayar, Thomas, Phillips, & James, 1991;
Bellarmine & Urquhart, 1996).
The thesis research study, is meant to be the reference documentation for Vertical Wind AB
to make a proper decision about the new concept, based on the new developed wind turbine,
in compliance with the company’s business goals.

2.6 Project owner
Vertical Wind AB is a Swedish company based in Uppsala that develops large-scale vertical
wind turbines for industrial applications. The company was founded in 2002 by employees
at the Department of Electricity Engineering at Uppsala University and Energy Potential AB
to transform the university's research studies within wind power technology into industrial
implementations worldwide. Today, Vertical Wind AB is one of the growing companies that
offers turn-key solutions by manufacturing and providing complete wind farms as well as
custom-tailored directly-driven generators used by other actors operating within the same
field of the vertical wind power segment.

2.7 Introduction to the concept
Vertical Wind AB, as the name implies, has been focusing on developing and manufacturing
industrial large-scale vertical-axis wind turbines. The company wants to take advantage of
the conducted research during the last fifteen years and ongoing development within large
scale vertical-axis wind turbines to develop a new small-scale wind turbine. The new type of
wind turbine is planned to be used in commercial applications and installed on rooftops of
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residential buildings. Its functionality is obviously based on the same fundamental working
principles for vertical wind turbines, but its shape is customized based on Savonius
technology.
A Savonius wind turbine or rotor, as it’s called in many contexts, could simply be described
as two vertical half cylinders set-off against each other and attached to a vertical shaft. It’s
named after the Finnish engineer Sigurd Savonius who conducted several experiments with
various prototypes of vertical wind turbines and invented in 1922 a new shape/design of a
vertical wind turbine to extract kinetic energy from the wind by axis rotation (torque). The
technical details of a Savonius wind turbine will be covered briefly later in the project.
Furthermore, the Savonius wind turbines, produced by Vertical Wind AB will be
implemented in a hybrid power system consisting of solar panels in addition to the wind
turbines to directly supply households with electricity.

2.8 Operational limitations
Every wind turbine has an individual maximum efficiency level. The new produced wind
turbine is based on Savonius design that has a maximum degree of efficiency less than most
of its counterparts. Even the wind energy resources and the solar power have certain limits
in relation to the geographical locations.

3 Methodology
The thesis project is initiated with a market research as a part of the product development
process where the thesis project touches upon the concept development stage to narrowly
identify the interesting customer segment at this stage. Simultaneously, a literature review
in data collecting instruments is conducted to gain a comprehensive understanding in the
research methods intended to be used in the project. Thereafter, interviews with business
developers with focus on sustainability in the 15 largest companies in Uppsala, within the
identified customer segment, i.e., the real estate sector, are conducted to roughly investigate
their sustainability efforts and identify their preferences toward the presented energy
10

solution followed by an online questionnaire on the hybrid power concept in urban areas
sent to the 15 interviewed companies’ representatives. A list of the target companies is
presented below in the “Lead users” section. The interviewees were business developers
within sustainability filed picked either from the companies’ websites or by making a phone
call to the companies asking for the companies representative that is responsible for
sustainability matters, if the information was not available on the websites. The interviews
are semi-structured, which will be explained later in the project, containing the same
questions on environmental related issues asked to all participants. The author intends then
to apply a qualitative analysis through the conducted interviews and a quantitative analysis
through the sent questionnaires. The questionnaire consists of concept development
questions with relation to the business and environmental aspects.
In the second phase, a pre-study containing the theoretical parts of the hybrid power system
is performed to understand the operational principles of renewable energy and the
components embodied in the solar-wind hybrid power system. As next, the initial Savonius
wind turbine is presented briefly and the new developed wind turbine, by Vertical Wind AB,
of the same type is introduced where its approximate design is illustrated in the same part
of the project.
Thereafter, a study is performed in the third phase to estimate the wind- and solar energy
resources in Uppsala region. On the one hand, different websites are visited, and multiple
data sources are checked in order to find the wind resource data in Uppsala region with the
highest possible accuracy. On the other hand, registered data on solar radiation in Uppsala
region is easier to find in many reliable sources available on the web. In this manner,
interesting data is determined and collected during the same phase.
In the fourth phase the results of the 15 conducted interviews and the 13 answered
questionnaires are presented and discussed in detail with related previous studies. As a
result of the study, adoption and sales opportunities of the new concept, basically by the
target customer segment, are evaluated based on the interviewees’ answers. A financial and
operational analysis is also performed as a complementary part to the result section
including manufacturing costs in Poland, where the company intends to have the production
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of the new product. Finally, the conclusion part is conducted to answer both questions stated
in the problem statement based on the results of the conducted field studies followed by a
presentation of the project owner Vertical Wind AB.

Figure 1, Process flow chart

3.1 Market Research
Product development is usually carried out through some kind of stage model, starting with
a concept development and going through all stages to finally launch the product. The
development process might take weeks, months or even years as in many high technological
or medical products. The development process involves a number of factors and considers
several aspects such as manufacturing, financial and environmental aspects which imposes
high standards of the final product specifications. Stage models for product development
could be found in a number of varieties developed by scholars and organizations but despite
12

all variations the overarching design of the conceptual stage model remains the same in
terms of structure and outputs. The following figure presents a generic product development
stage model developed by Ulrich & Eppinger, 2011.

Figure 2, Generic product development process (Slideplayer)

3.1.1 Concept development
As it has been mentioned previously, the development process will consider the concept of
the new solar-wind hybrid power system as a product and not the specific components inside
the hybrid power system which implies that the project is currently going through the
concept development phase (1) based on the provided stage model above. In the concept
development phase, the market research components are conducted stepwise to provide an
output and a basis for the decision-making process, whether to continue with the developed
concept or terminate it. More often, the concept development phase is divided into four sub
phases consisting of marketing, design, manufacturing and finances whereby the potential
customer segments are identified, the customer requirements are specified, competitive
products on the market are considered, feasibility study of the product concepts is
performed including manufacturing costs, industrial design concepts are provided,
prototypes are built to be tested and finally the economic analysis is conducted (Ulrich and
Eppinger, 2011).
13

Usually, more than one product concept are developed simultaneously and evaluated but due
to technical and business limitations only one concept of the solar wind hybrid power system
is analyzed. There is no space, with relation to the project goals, for other alternative
concepts to be considered. Moreover, manufacturing- and installation costs are included
roughly in the current thesis project but remain as a subject for future projects due to the scope
of the thesis project.

3.1.2 Customer segment
The new concept would be mostly suitable for commercial property owners, residential
building owners and public building managers (the government). That will probably be the
main customer segment but not the only one since the hybrid system could even be used by
private individuals and successfully operating on simple houses depending on the location,
the wind resources and the access to solar radiation. There is a number of real estate
companies in Sweden operating in the commercial properties and residential buildings
business. Even minor actors within the same field on the market might be potential
customers in the near future but as the project is in the initial phase, only the big actors are
considered to be the interesting customer segment. If the concept could get adopted by those
business leaders, then it will be much easier for small-scale companies to follow along.

3.2 Customer preferences
Customer preferences and user needs could be identified by using one or more well-known
research instruments such as interviews, surveys/questionnaires or focus groups. The
selection of the appropriate method/s is usually based on among other thing the type of
required date, the accuracy of the gathered data, the time and the relevance of the needed
information (Herzog & Backman, 1981). Moreover, the choice of processing and analyzing
the collected data to generate qualitative or quantitative results determines the selection of
the most suitable research instrument.
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3.2.1 Qualitative and quantitative research
In the research field context, scholars have divided the research into two categories:
quantitative and qualitative research. Qualitative research defines the research that aims to
understand the underlying basics and motivations. It investigates the individual perception
of things in depth and analyses the reasons behind the respondents’ perceptions. By contrast,
quantitative research, as the name implies, deals more with quantities to collect data that can
be used for statistical purposes. It does not explore the reasons and opinions behind collected
data but quantify a large number of parameters. Unlike the qualitative research analysis that
is used to phrase hypothesis, the quantitative research method is more structured and used
to test theories (Bryman, 2009; Brown, 2005). The way data is processed determines usually
whether the analysis is of a qualitative or a quantitative type (Patel & Davidson, 2011)

3.2.2 Interviews as a research instrument
Steinar Kvale has defined interviews in 1996 as “an interchange of views between two or
more people on a topic of mutual interest, sees the centrality of human interaction for
knowledge production, and emphasizes the social situatedness of research data”. Interviews
are used as a systematic research tool to collect data by talking, listening and engaging
others. Interviews are not just a pure data collecting tool, they are social interaction activities
to communicate each other’s’ interpretations of things. Dörnyei (2007) stated that
qualitative data is often collected by scholars through questionnaires and interviews.
However, interviews and questionnaires are highly evaluated as data collecting instruments
in the research fields, the interviews can do more than any other well-structured
questionnaire (Hochschild, 2009). They can analyze the issues in detail and know how and
why interpretations and views are formulated in this or that way, they can know the basics
on which ideas are based and enable the researcher to realize the connection between
different views and ideas (Kvale, 1996; 2003).
There are a number of types of interviews specified by scholars within the research field
studies. Some of the relevant types for the present thesis project are structured semi-
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structured and unstructured interviews. Structured interviews are basically interviews with
the same questions asked to all respondents with the same words content and in the same
sequence (Corbetta, 2003). While semi-structured interviews are somehow nonstandardized whereby the researcher does not conduct the interview to test a specific
hypothesis (David, & Sutton, 2004) which gives the interviewer a free space to change the
sequence of the questions to fit the interview’s path and to ask additional questions if needed.
This kind of interviews enables the researcher to obtain some knowledge from the
interviewees by asking questions in a predefined structure (Lantz, 2013). The unstructured
interviews as the name implies are completely non-standardized and flexible in changing the
questions which may lead to significant result variations depending on the situational
circumstances.
Face to face interviews are surely the best source for qualitative data but conducting this
kind of interviews with a number of individuals in high positions might be challenging and
time consuming so telephone interviews are selected to be the convenient choice in this
project for qualitative data analysis. However, telephone interviews are the most suitable
choice for this stage in the project, they are associated with some drawbacks. The
interviewees may get distracted if the interview last more than five minutes which increases
the rejection rate (Council of American Survey Research Organisations, 1986).

3.2.3 Critical view of interviews
Although the high popularity that interviews have gained in the research methodology, the
interview instrument has its drawbacks like any other data collecting tool. Generally
speaking, interviews are expensive and time consuming compared with the remaining data
collecting tools. They are also deceptively challenging (Hermanowicz, 2002) to manage.
Moreover, the answers of interviewees may, to some extent, be shaped by the questions that
are addressed to the interviewees (Hammersley & Gomm, 2008).

3.2.4 Focus groups technique
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Focus groups is a market research technique used to gather raw customer data with relation
to a product or a service through a group interaction with less impact from the moderator, i.
e. the one who supervises the discussion (Morgan, 1996). This method is even broader than
the interviews to cover a wider range of the product/service aspects through a group
discussion, but the hybrid power system is considered to have covered a number of aspects
in a lot of previous studies conducted worldwide and only specific questions remain to be
answered based on every individual project (Krueger, 1994; Morgan, 1998). That does not
mean that the focus group technique won't bring anything new if it’s applied during the
current phase, but the author has excluded it due to some project limitations and selected
other appropriate tools that suit the project scope with consideration to the target customer
segment.
This leads us with to the last option, i. e. survey/questionnaire, that seems to be the
complementary research method during the currentstage in the ongoing project to satisfy
our needs with regard to the parameters of the hybrid power concept for commercial use.
Thousands of questionnaires are produced every day, some of them are generated within
hours while others are based on many years of planning (Leeuw, Hox and Dillman, 2008).
Let’s review some literature to understand the definition of a questionnaire or a survey and
its design.

3.2.5 Questionnaire as a research methodology
The term questionnaire refers to any type of text-based instrument constructed to provide a
series of questions designed in a customized way to gather answers from participants by
marking a paper, writing a text or checking a box (Brown, 2001) directly through face to
face/phone interactions or indirectly through self-answered surveys. Questionnaires/
surveys are used as market research tools in many various ways and in different contexts to
gather customer preferences and market data. Compared with interviews, questionnaires
are less time- and money consuming and may appear to be simple tools used to collect raw
market data but indeed the reality is way far than that. The limited number of questions that
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shall cover a wide range of aspects and thereby generate highly qualitative collected data
requires a very skillful questionnaire design.
Although, this method has been used for decades and hundreds of thousands of
questionnaires templates were developed, to gather raw market data and valuable customer
perceptions, it’s still considered as a challenge to compose a well-made questionnaire that
fulfils the project objectives. There are many parameters involved in the design process to
be considered which can provide a number of dimensions with wide range of probabilities
reducing the utilization level of the collected information if some combinations of
dimensions are missing or incorrectly interpreted.
It’s very substantial to keep in mind that questionnaires are not made to support some
opinions or oppose some points, they are designed to collect raw data, not influenced by the
designer or the one who carries out the research processes. They have to be shaped as
objective as possible to provide the highest reliable data required for an ultimate decision
making whether the outcomes reject or strengthen the entire study (Brace, 2013).

3.2.6 Critical view of questionnaires
However, questionnaires are used frequently in a large scope of branches they seem not to
capture the interest of less experienced researchers and other user segments for some
reasons. Questionnaires have been claimed to be superficial and provide a narrow field of
information (Dörnyie, 2007). Large and by, this issue could be mostly overcome by a welldesigning survey and it can even be mitigated by exploring additional market research data.
Additionally, the cultural and personal differences could in some cases lead to different
interpretations of the same question which gives the research an additional parameter that
needs to be taking into consideration. To overcome this obstacle, the participants are
selected within the same cultural context and the questionnaire is composed of research
questions where the personal factor has a minor impact on the outcomes or the relevance of
the collected data.

18

3.3 Interview questions and questionnaire design
3.3.1 Interview questions
In order to prevent any misinterpretations, the questions are phrased clearly based on the
developed concept with regard to the organizational perspective on environmental aspects
as stated below:
1. How environmentally conscious do you consider yourself?
2. To which degree do you believe that your company embraces the environmental
aspect?
3. What is your first perception of a hybrid power concept in urban areas?
4. What do you like most about the hybrid power concept in residential buildings?
5. What do you like least about the hybrid power concept in residential buildings?
6. What are the things that come up to your mind when considering the hybrid power
system for electrification in residential buildings?
7. How much do you evaluate the environmental aspect compared with the financial one
and to which degree do you involve that in your decisions?

3.3.2 Questionnaire design
To increase the chances of utilization of the gathered research data, the survey has been
composed based on a couple of substantial concerns. Firstly, all collected data should be
relevant for any kind of analysis. Secondly, the questions should be clearly phrased so that
misinterpretation remains out of question as much as possible. Additionally, the participants
are intended to be individually provided with additional information about the study and the
questionnaire by the researcher through phone calls. The major issue that remains as a
challenge in this research method is the willingness and the ability of the target segment to
respond and to answer accurately.
Christopher Scott has in 1961 examined twelve of the most used techniques in surveys and
figured out some significant factors that frequently generated response rates higher than
90%. Those factors were pre-notification, personalization, monetary incentives, follow-up
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and fancy prepaid return postage (Scott, 1969). Other scholars have in subsequent years
added more substantial factors such as motivation and interest (McDaniel, Madden & Verille,
1997; Downs & Kerr, 1986), the type of sponsor and the nature of sponsorship (Cooper &
Brown, 1967) and some kind of handwritten supporting message.

3.3.3 Questionnaire
The Questionnaire has been designed after reviewing a number of related questionnaire
templates by the author and based on the project objectives taking into consideration the
previously mentioned factors, associated with high response rate, to the highest degree.
Furthermore, the questions have been clearly phrased without any ambiguities and
reviewed by the supervisor and project reviewer as it’s illustrated in appendix B. It’s a type
of questionnaire based on product development research questions containing 8 multiple
choice questions and 1 free text question allowing the respondents to freely formulate their
opinions and improvement suggestions as it’s presented in appendix B. Additionally, the
questionnaire was made online and sent as a link to the target individuals so that the
respondents have just to click on the link, answer the questions by selecting the right answer
and submit it.

3.3.4 Lead users
Renewable power sources are available in a wide range of countries, so the product is
intended to be available in different countries around the globe but as it’s in the initial phase
it will be promoted in Sweden. For some business operational reasons Uppsala was selected
to be the first city is Sweden where the hybrid system will be introduced. Based on that, a
market research has been performed by the author to identify the large scale real estate
companies operating in Uppsala that compose the target customer segment. Furthermore, a
number of the identified companies are not just operating in Uppsala, but they are even big
actors within the real estate sector in Sweden’s large cities as well.
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By analyzing the housing market in Uppsala and looking at the real estate companies
operating in Uppsala region that have the potential to buy the hybrid power system, the
author could identify a number of actors in Uppsala market. The list of identified companies
was a bit too long but after a discussion with the project owner the list has been narrowed
down to include mainly the big actors that tend to have large ongoing projects. The
companies that were specified to be the target segment at the moment are presented below.

List of the target customers

1. Mia AB
2. Stena fastigheter
3. Vasakronan
4. AB Uppsala kommun industrihus
5. Klövern
6. Upplands boservice
7. Castellum
8. Uppsala hem
9. Akademiska hus
10. JM
11. Wallenstam
12. Bonava
13. Rikshem
14. Rosendals fastigheter
15. HSB
The listed companies above are informed, by the author of this paper, about the entire
project through phone calls in order to increase the response rate, reveal ambiguities and
eliminate any misinterpretations.
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3.3.5 Implementation
In order to maximize the quality of the collected data with consideration to the business
intentions and sustainability aspects the author tried to reach the right individuals by
targeting the business developers or project managers who are responsible for sustainability
matters within the selected organizations. A couple of weeks were spent to carry out this
process and to reach those who are in charge by making several phone calls in different
times.
Phone calls were performed to present the project together with the project’s goals, to
conduct the interviews, to clarify the survey’s questions and to answer questions that
emerged by respondents. Some Phone calls had even an extended scope and were used to
discuss the new concept with highly experienced and engaged companies’ representatives.
After every phone call a personal email was sent to the called person containing the survey
and a brief summary of the project as an additional supporting material.
As the scope of the project is to investigate the market potential and to get a brief
introduction to the environmental efforts in the target companies, only business developers
or project managers with focus on sustainability were interesting for the current study as
mentioned above. Usually, there is a specific person responsible for sustainability matters in
every region in such companies but not all of them deal with the environmental efforts in the
same way. Some companies still did not have assigned the responsibility of sustainability
matters to a specific person which turned out to be a challenge to target the right person
within some of the selected companies. The author started by checking the websites of the
target companies to identify the business developers with focus on sustainability in Uppsala
region. Some companies have published such information on their websites while others
kept it internally or did not even have this role within the company. The author continued by
collecting the contact information to the responsible persons available on the websites, then
started to call around trying to reach those individuals. Some of them were easy to reach
while others were a bit harder to get in touch with for different reasons, so the phone calls
were switched to other persons within the companies that tend to have experience from the
sustainability filed. In the case of the companies that did not publish the contact information
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on the websites or did not have a responsible person for sustainability matters, the author
called the company and presented the project together with its scope to be connected to the
right person with the most relevant experience within the sustainability filed.
The author has prepared a list of questions before every phone call and conducted the
interviews by starting with a presentation of the project emphasizing that the answers will
be published anonymously to give the interviewees a space to share their opinions without
having any concerns. Simultaneously, the registered the answers of the interviewees as
headnotes taken from the 15 interviewed companies’ representatives. As an attempt to
increase the response rate, the interviews were conducted in different times to fit the
respondents’ schedules and the questionnaire was made online whereby the respondents
could simply click on a link to anonymously submit their answers. At the end of every phone
call the author has asked the interviewee for his or her mail address to send an online link of
the questionnaire even though some of the contact information was available on the
company’s websites. The link to the questionnaire was sent together with an email,
presenting the project together with the project owner and the researcher’s role to engage
the target persons. A reminder was sent to the target group to encourage those who still did
not submit their answers yet. After waiting a couple of weeks, the author started the analysis
phase on the 13 submitted answers on the questionnaires so far.

4 Introduction to solar and wind energy
4.1 A brief introduction to wind Energy
Wind refers to the flow of gases on the earth’s surface due to the fluctuations of heat (and
thereby pressure) caused by the sun that gives rise to motion on the earth. The direction and
the speed of the wind varies based on, among other things, the geographical location and the
difference in pressure. However, wind is created by the differences in heat and pressure,
there are other factors involved in wind generation such as the absorption ability of the
heated surfaces and the tilt angle of the hit surface in relation to the sunlight radiation.
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It’s obvious that wind is one of the very well- known renewable energy sources on earth. It’s
an available, clean and environmentally friendly energy source that has been utilized by
humans for hundreds of years in some simplified applications such as driving windmills and
propelling ships. But in the last decades, the wind energy has been exploited deeply through
advanced applications, for instance, electricity production (Johnson, 2006). Some scholars
state that wind power was used even thousands of years ago in sailing by ancient Egyptians
(Wortman, 1983).

4.2 Wind power operation
As a source of renewable energy, wind has a huge amount of kinetic power with different
characteristics even though the basics of wind power are still the same. Those variations in
wind characteristics are mainly related to seasonal changes and the different time intervals
during the day. Due to the complexity in combinations of all crucial factors involved in this
process, the energy in the wind is calculated in a simplified way whereby the wind is
considered to have the same speed and density distributed over a circular area and thereby
the same kinetic energy.

4.2.1 Wind turbines
Wind turbines are usually defined by their axis type and classified in two categories,
horizontal axis wind turbines (HAWT) and vertical axis wind turbines (VAWT) where the
orientation of the axis in relation to the blades determines the type of the turbine. In the vast
majority of industrial applications for electricity generation, horizontal axis wind turbines
are dominating due to their large efficiency degree and high profitability. By and large,
horizontal wind turbines have usually a narrow space for design variation thanks to their
operational parameter limits, meaning that the overarching design of the different horizontal
axis wind turbines, with regard to the blades and the axis, remains generally the same unlike
the vertical wind turbines that could obtain different design concepts.
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Vertical wind turbines are designed in a way that allows them to be exposed only to drag
power since they rotate vertically with the wind direction, while horizontal wind turbines
utilize drag and lift power due to their perpendicular rotation with respect to the wind
direction. The sum of drag and lift forces enables the horizontal wind turbines to have much
higher tip speed and thereby higher torque than their vertical counterparts. Indeed, that
statement might not be entirely true since there are some recently developed vertical wind
turbines that claimed to be operating with both drag and lift speed, but this project will be
dealing with a specific type of a vertical wind turbine that has a cylinder shape allowing it to
be exposed only to drag power as the fundamental vertical wind turbines.
Although the slow tip speed of the vertical axis wind turbines, they have the ability to rotate
and respond the wind from any direction on 360 degrees on the same plane. In contrast, the
horizontal axis wind turbines rotate if the wind hits them only from one specific direction
that is perpendicular to the blades rotation plane. Many scholars have deeply covered the
mechanical working principles of both wind turbine types in a number of research studies
such as (Manwell, McGowan and Rogers, 2009), (Ackermann and Soder., 2000), (Ahmed,
2011), (Burton, Jenkins, Sharpe and Bossanyi, 2011), and more. Let’s take a deeper look into
both types to physically understand the differences out of the mathematical perspective
through a simplified formula. Figure 3 shows a concept picture of two different types of
vertical axis wind turbines and one typical horizontal axis wind turbine.

Figure 3, HAWT and VAWTs (Wikimedia Commons)
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4.2.2 Wind power generation
According to laws of physics, the kinetic energy of a moving body is ½ #$ % where m is the
mass of the moving body and v is the velocity of it. In the wind power context, the wind is
considered as a moving object so all small particles in the wind have some kinetic energy that
is transferred to the turbines. But, since the calculation can’t be done for every single particle
of the gases embodied in the wind, the mass flow of air through a certain area is calculated
instead where the mass is replaced by the mass flow &#/&( that is equal to the density of the
air times the area multiplied by the velocity )*$. If we then substitute the same mass in the
kinetic energy equation with the mass flow expression we will end up with the fundamental
equation for power generation in wind turbines by defining the power of the wind over a
.

specific swept area + = -%/ )*$ 0 which will be converted into electricity taking into
consideration the energy losses that are caused by natural characteristics of our universe
defined by physics laws.
P is the power of the wind [W]
) is the density of the wind [kg/m3]

A is the swept area [m2]
v is the velocity of the wind [m/s]
That mathematical formula for power generation might not clarify the main characteristic
differences between both types in terms of efficiency but with combination of the design and
more individual related data for each single wind turbine the efficiency could be estimated.
.

As is stated above, the power available in the wind is equal to + = -%/ )*$ 0 (Walker and
Jenkins, 1997; Gipe, 2004; Manwell, McGowan and Rogers, 2009), but we can’t extract all the
energy that is available due to energy losses so a performance factor or coefficient constant
12 needs to be introduced in order to specify the output power, i. e. the power of the wind
turbine. This coefficient constant is specified based on some factors related to the mechanism
of every individual turbine and its interaction with the wind. It is calculated as the power of
the turbine divided by the power of the wind 12 = +(345678/+967&. The efficiency term 12
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varies from one turbine to another and it has a limit that has been defined by the German
physicist Albert Betz. We won't go into extensive details, but Betz has theoretically defined
the efficiency limit to be 0.59 according to some calculations available in many sources for
those who are interested in the math behind this limit (Rageb and Ragheb, 2011).

Figure 4, Physics of wind turbines (Leipzig University)

Practically, none of the previously developed horizontal wind turbines so far could achieve
more than ca 80 percent of that limit while some newly developed vertical turbines are
claimed to have reached Betz’s limit. Indeed, Betz’s law cannot be applied to vertical wind
turbines as it is originally defined, since the shape of the vertical turbines is completely
different and the way they respond to the wind is obviously not the same. However, Betz’s
limit is not completely applicable for vertical wind turbines, a similar limit could be defined
by another mathematical model. As a simplified solution for some types of vertical turbines
like Savonius, Betz’s limit could be divided by two since the turbine is exposed to the wind
force in one direction exerted on the concave part that causes the rotation of the axis.

4.3 Solar power principles
The sun is another major source of renewable energy since it contains a huge amount of heat
energy that is transferred to the earth through the atmosphere. The surface temperature of
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the sun is about 5505 Celsius while the temperature of the surrounding atmosphere (the
corona of the sun) is almost 300 times higher, according to NASA, which still remains as a
mystery. This energy is travelling through the space between the sun and the earth to reach
us as electromagnetic radiation called sunshine in our daily life context. Due to the long
journey that the radiation needs to make to reach the atmosphere of the earth and
subsequently the surface of the earth itself, the radiation loses a lot of its transported energy.
Those were the main factors behind the energy attenuation but there are still some other
parameters that have some impact on the transferred energy as well such as the geographical
location, the nature of the observed place and the seasonal changes.

4.3.1 Solar cells
The sun has been always providing the humanity with an enormous amount of energy and
supported daily life activities in many forms. People have always tried to freely utilize all
kinds of energy sources available on earth in many applications. As the science has made its
long journey and been developed in a high fashion, new components called solar cells have
been invented to convert the energy of the sun and use it in new applications that serves
human beings. Solar cells or photovoltaic cells as they called in many contexts are small units
developed to transform light into electricity through a so called photovoltaic process. This
means that temperature in any location does not need to be high in order to extract the solar
energy and transform it into electricity, it’s enough with the sunshine, i.e. the light or
radiation of the sun.

4.3.2 Photovoltaic cell characteristic
The scientific working principle of the photovoltaic cell is based on the physical phenomena
for electrons that is called excitation when atoms are exposed to light. Excitation in the
atomic context refers to the fact that an electron jumps from a lower energy orbit to a higher
energy orbit when it’s hit by light radiation with enough energy sufficient to make this move.
Once the electron gets excited, it moves to a level that enables it to move freely which is called
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the conduction level or conduction band. The atom becomes unstable for a very short period
of time and seeks stability by getting back the electron to its initial orbit. When this occurs,
the electron loses the energy that has been absorbed to reach that higher level in the form of
light. To prevent the electron from getting back to its initial orbit an electrical field could be
applied to keep the all excited electrons on the positive side and the empty places called holes
move towards the negative pole. This may not seem as a sound solution if an external
electricity source is used to convert the sunlight energy into electricity so there is another
solution that photovoltaic cells or solar cells use to keep charges separated from each other.
It’s a PN junction concept that has been used for decades in semiconductor materials. See
figure 5 to have a clear image of a solar cell.

Figure 5, Solar cell in a solar panel (Samlexsolar)

4.3.3 PN Junction
Semiconductors consist of materials that have the ability to act as insulators and as
conductors under special circumstances. There are two types of semiconductors P type
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(positive) and N type (negative). A negative type semiconductor means that the crystal atoms
have an electron each in the conduction band that moves freely and not bonded to any other
electrons in the chemical bonding structure which indicates that the net charge of the crystal
becomes negative. A positive type semiconductor implies that the net charge of the crystal
becomes positive by having an incomplete bond enabling it to capture an electron from the
neighboring atoms leaving a so-called hole behind. The left hole will be filled by another
electron creating a new hole and so on which means that the hole will be freely distributed
through the crystal like a free electron in the conduction band.
A p-type crystal together with a n-type crystal form what is called a PN junction whereby
electrons move from the negative side to the positive side and holes make their way in the
opposite direction to the negative side. The diffusion of electron to one side and the holes to
the other side creates a net negative charge on one side and net positive charge on the other
side which reminds a pretty much of an electric field. Figure 6 illustrates a PN-junction.

Figure 6, PN-junction (Wikipedia)

4.3.4 The operation of a photovoltaic cell
When the PN junction is hit by a light radiation from the sun the energy from the incoming
photon is absorbed by the material allowing an electron to be excited and make its way from
its initial place in the valence band to be free in the conduction band leaving behind a new
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hole. Since there is already a generated electric field in the PN junction, the electrons move
toward the positive charged side and holes automatically to the negative charged side. By
connecting both ends of the PN junction to some resistive load the electrons will move
through the connector from one end to the other one (Kalogirou, 2009) losing their exciting
energy in the load to get back to their initial positions, i. e. the left holes, in the valence band.
This process will go on as long as the photovoltaic cell is exposed to sunlight with sufficient
energy to excite electrons enabling them to move freely in the conduction band, see figure 5.

4.3.5 Semiconductors used in the solar cells
Semiconductors can be found as elemental materials such as silicon Si and Germanium Ge or
compounded materials such as Gallium arsenide GaAs and Cadmium sulfide CdS. There are
plenty of research studies and information sources available for those who are interested in
semiconductors used in solar cells such as Semiconductor Materials for Solar Photovoltaic
Cells written by Paranthaman, M. Parans, Wong-Ng, Winnie, Bhattacharya and Raghu N.

4.4 The Solar-Wind Hybrid Power System
A combination of both solar power and wind power in a single power system is often called
a hybrid power system. Hybrid in the electrification context implies that electricity is
generated from more than one energy source, i.e. solar and wind in the current thesis project.
The purpose of using more than one energy source is generally to maximize the extracted
power and thereby the produced electricity since each sub-system is driven by a different
type of energy, kinetic and photovoltaic in this case. Both subsystems complement each other
throughout the seasonal changes and day/night cycles. In some seasonal cycles, the wind
power system acts more actively than the solar power system while in other cycles the solar
power system generates more electricity than the wind power system.
Although both subsystems perform differently in some parts of the world in various periods
of time during the year, solar- and wind power subsystems are almost equally activated over
the years in those specific locations. On the contrary major differences in terms of activity
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can be observed between both systems in other parts of the world. Generally, a number of
studies on hybrid power systems, conducted in different locations worldwide, have
concluded a considerable beneficially in terms of economy compared to one stand-alone
wind- or solar system (Borowy and Salameh 1994; Potirakis, Koutroulis, Kalaitzakis,
Kolokotsa and Kalaitzakis 2006; Celik 2002; Brinkworth, Protogeropoulos and Marshall
1997; Manwell, McGowan, Warner, Averlar 1996)
The ability of the hybrid system to remain almost stable in terms of electricity production
makes it most suitable for commercial use in residential electrification and similar
implementations. More appealing characteristics of the solar-wind hybrid system, that make
it fit in the real estate context, are the size, the installation procedure and the maintenance
requirements which increases its chances to be adopted by big actors on the market as well
as private individuals. Many scholars and researchers have highlighted the shining future
opportunities of the renewable energy hybrid power system in their studies (Beyer & Langer,
1996; Seeling-Hochmuth, 1997; Erhard & Dieter, 199)
A solar-wind hybrid power system consists not only of the main devices wind turbines and
solar panels but also of other components that enable us to transfer and store electricity.
Since the current thesis project focuses on the business aspect and not the technical details,
the components are briefly described below in this section. See the picture below for more
details about all components embodied in the hybrid power system.

Figure 7, Solar- wind hybrid power system concept picture (Edgefxkits)
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4.4.1 Current Rectifier
Current refers to the flow of the electric charge that we obviously use in households to run
electric devices and alike. This current is supplied to us as a so-called AC (alternating current)
meaning the current changes its direction frequently according to predefined frequency level
which is the first type of electric current. The other type of electric current is DC (direct
current) which means the electric flow of charge has always the same direction as the name
implies. Although AC is the current used in households, DC has its applications such as
charging storage batteries in hybrid system context. The type of current generated from the
wind turbines is usually AC which needs to be converted into DC in order to be stored in the
storage component (batteries). For this purpose, a current rectifier is used for rectification
of the current. Basically, there are different types and shapes of rectifiers that could be used
in this application based on technical parameters that could be analyzed further by those
who are interested in the technical parts of the rectifier (see figure 6).

4.4.2 Charge Controller
In a number of electricity storage systems, a charge controller is used for protection against
overload. It’s an electric device used to control the electric current going through the storage
component and limit it to the point whereby the storage system performs properly which
increases the lifespan of the storage components, i. e. the batteries (see figure 6).

4.4.3 Power Storage
As one of the main laws in physics in the energy context implies that energy can neither be
created nor destroyed but it can be transformed from one form into another. In the current
project, kinetic energy and light are converted into electricity but electricity is not generated
continuously since it relies on the availability of the energy resources. To be able to use it
later in different applications it needs to be stored somewhere, therefore batteries are
involved in this process as storage units. Batteries are well-known to us from different
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contexts. There could be easily described as electrochemical units that are capable to store
electrical power in form of ions. As many other devices batteries are manufactured in more
than one type. The selection process of the right type is carried out based on some
parameters such as the voltage, capacity, lifecycle, charge range and discharge limit (see
figure 6).

4.4.4 DC to AC Inverter
Households power is always provided as AC (alternative current) since home appliances are
manufactured to run on AC. Even the electrical network designed for households is based on
AC meaning that the electrical current from the batteries needs to be converted from DC to
AC in order to be used commercially by end users. An DC to AC converter is used to fulfill this
requirement (see figure 6).

4.4.5 Fuse Box
Finally, the electricity has been processed and can be supplied to the end users but to
increase the safety and avoid risks for unregulated current overload that might damage
electrical devices a fuse box is placed at the end of the system for protection as it’s presented
in figure 6.

4.5 Savonius wind turbine
Horizontal wind turbines may not differ a lot from each other’s by shape since the present
design has been achieved based on many years of studies and development for reaching the
most optimum solution. In contrast, vertical wind turbines could have several shapes and
different designs related to their target applications. Savonius design is one of the axisvertical wind turbine designs that was developed in 1929 by the Finnish engineer Sigurd
Savonius (Savonius 1931). The overarching design is so simple and does not contain any
complex components. It consists of two half cylinders set-off vertically against each other
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forming an S shape and attached to a shaft that rotates vertically when the half cylinders
move due to exerted force (see figure 8).

Figure 8, Savonius wind turbine drawing

As it’s been mentioned above two types of forces are involved in the wind power turbine
engineering, drag and lift. In case of the vast majority of vertical wind turbines only one type
of force is applied which is drag force since the movement occurs in the vertical direction
when the wind blows. By having a positive net force on the concave side, the shaft rotates
with the wind direction and so on.
Savonius wind turbine is clearly not the best one in terms of efficiency since it has a
maximum performance coefficient of 0.31 as it was reported by Savonius himself, but it has
some advantages that it makes it a the most suitable choice for the current project such as
the size, noise level, reliability and the cost.

4.6 Developed Savonius Rotor
The basic design of Savonius turbine has been defined above but there are actually a number
of Savonius-based wind turbine designs on the market developed by different actors. Vertical
Wind AB has initiated an own product development project to develop a new shape of
Savonius wind turbine to fit the business concept of the solar- wind hybrid power system for
commercial use in urban areas. The technical detailed development outputs including the
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product drawing and dimensions are kept as confidential documents by the company, so the
author could not include any of the related documents in this study. But the exterior design
and its drawing is similar to the one illustrated in figure 9.

Figure 9, Customized Savonius Wind turbine (Renewable Energy, 2012)

4.7 Competing products
The concept of a wind- solar hybrid system for electrification purposes has actually been
tested by private individuals as well as different companies but not with similar components
(customized Savonius wind turbines) or similar scale. Many attempts have been conducted
with horizontal turbines and some were performed with vertical ones but not with
sets/series of small-scale turbines of type Savonius embedded in the design of the buildings.
Figure 10 shows a conceptual design picture of the complete concept. Moreover, there will
be a new developed type of Savonius wind turbine involved in the current hybrid system.
The new developed turbine, by Vertical Wind AB, has the ability to rotate at low wind speed
generating a very low noise level. According to the previously mentioned physics laws, with
regards to wind power, low wind speed indicates low generated power, but a set of turbines
will together produce more electricity. Thus, there is not such a system to carry some kind
of benchmarking on it which makes things a bit easier.
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Figure 10, Concept design picture of the embedded concept on rooftops

4.8 Wind energy potential
As a physical quantity vector force, the wind is composed of a speed and a direction. The
speed refers to the magnitude of the velocity and the direction refers to the side from which
the wind is blowing. It’s measured usually in meter per second (m/s) and defined by its
direction. To carry out wind related applications, the wind has to be measured in a certain
place over a period of time, i. e. through the whole year or several years. The longer the
measurement is conducted, the higher the accuracy of the wind statistic will be. Large and
by, the seasonal changes have the same characteristics over the years but due to the climate
change, caused by the increased earth temperature, the wind pattern might change a bit from
one year to another.
The data collected from the weather stations is illustrated in a so-called wind distribution
diagram or wind rose diagram that shows the percentage of wind speeds respectively
distributed over the directions. Even the exact time is registered, by more advanced program
extensions, in association to the collected data which increases the usability range of the it.
The following image is taken from SMHI website (The Swedish Meteorological and
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Hydrological Institute) and shows the wind distribution, in terms of direction and speed, in
different parts of Sweden.

Figure 11, Wind distribution in Sweden (SMHI)

As we realize, most of the wind speed and direction monitors in the previous figure are
located in different places along the borders far from barriers and obstacles while the current
hybrid system is meant to be located in cities and installed on rooftops of residential
buildings. Barriers such as surrounding houses and trees will definitely change the wind
characteristics then. Even the height of the target building plays a major role in the current
context. Therefore, more precise data collected from stations too close to predetermined
locations has to be obtained. The new concept including the customized Savonius wind
turbine will be launched in Uppsala, so this thesis work will be focusing on Uppsala as a target
location.
After so much research on the web and in conceivable sources, some wind data associated
with Uppsala could be found in SMHI:s database. SMHI divides Sweden into nine regions
whereby every region has three connection dots with wind monitors that build a triangle
shape as it’s illustrated in figure 12. The wind speed, registered by the three weather stations,
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is then calculated as an average value for the whole region which is called the geostrophic
wind speed according to SMHI. It’s clear that the accuracy of the collected data is not that
high with relation to the specific locations since three wind monitors covers a very large area,
but it provides us with a sufficient wind data to use it in our project as a start point. The
associated diagram in figure 12 shows a homogeny average wind speed of 9.5 m/s over the
observed years.

Figure 12, Average wind for the triangle Malung - Sundsvall - Stockholm 1940-2016 (SMHI)

The Swedish Meteorological and Hydrological Institute has even set up some kind of
individual simplified wind monitors distributed over the whole area of Sweden to get more
accurate observations data. In Uppsala two monitors could be found on SMHI:s map. The one
that is closer to the center of Uppsala is located at 11 meters height in Övre Slottsgatan 26G
as presented in figure 13. The wind data is registered once per hour calculated over a 10
minutes periods as a mean value. The observation of the data has been carried out since 1985
in this specific location by the present monitor and the data is available in a csv-format in
SMHI:s database. Data could be extracted for any wind monitor available on the same map
by clicking on any of the green buttons in the popup window. According to the excel file data
associated with the selected monitor, the wind speed fluctuates between 1 and 5 m/s.
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Figure 13, Meteorological observations in Uppsala (SMHI)

4.9 Solar energy potential
However, in contrast to the wind energy, the solar energy is a scalar quantity, meaning it has
a magnitude but not a direction. With consideration to solar cells the energy is specified in
Watt or kW per #% . It might be a bit easier to identify the yearly radiation from the sun, i. e.
sunshine, for specific locations and be able to use the data as a key factor when specifying
the need of solar cells/panels in a power generation system since the solar radiation could
not be disturbed by similar meteorological events as in the case of wind power. Generally
speaking, as long as the sun radiation reaches the target solar panels at the right angle then
no other parameters could broadly change the output power except the temperature of the
composite material of the solar cells. Indeed, there are some other minor factors that have
some kind of impact on the extracted power such as the operational lifetime and the
contamination on the solar panels’ surfaces that hampered the absorption of the sun
radiation.
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There are different types of solar panels available on the market based on the material used
and the manufacturing properties that determine the efficiency degree and lifetime. Aside
from that all solar panels have to be located perpendicular to the radiation of the sun to
leverage the available energy from the sun to the highest degree. Moreover, the orientation
of the solar panels has to be associated with the side/s with the maximum available radiation
which is related to the geographical location of the target place. Considering the location of
Sweden on the world map, solar panels should be pointing to the south, southwest or
southeast side and tilted 30 to 55 degrees depending on the characteristics of every single
target location or building. The following is taken from SMHI:s website and illustrates the
solar radiation in kWh/#% distributed over the entire area of Sweden

Figure 14, Normal global radiation for one year (SMHI)

In the following figure, the solar radiation data is shown in a diagram over the years where
one can realize that the sun radiation has increased a bit in the recent years.
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Figure 15, Annual global radiation (SMHI)

5 Results and Discussion
The interviews have been conducted with the 15 companies’ representatives within
sustainability matters whereby the interviewees had answered all questions with a strong
interest. Over 80 percent (13 responses of 15 sent questionnaires) of responses on the
questionnaire were registered so far while the link was still available for a while for those
who wanted to submit their answers even later. Thus, the analysis phase is performed on the
registered responses at this point. All questions in the questionnaire were answered by the
all 13 respondents except the free-text question no. 1 and the question no. 7 that have been
answered by 9 and 11 company’s representatives respectively.

5.1 Interview findings
1. How environmentally conscious do you consider yourself?
In a number of research studies, the identification of the background of the participants plays
a major role for the qualitative analysis based, by all means, on the target goals for every
individual project. In our case the environmental consciousness is considered to be a
substantial parameter that may explain some of the underlying reasons for answers on other
questions. 90% of the target group are highly aware of the environmental issues which is a
good starting point for this project. The remaining 10% consider themselves having a
reasonable knowledge on environmental issues but no one has been observed to have poor
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knowledge in this field. The highly qualified respondents will increase the probability of
generating high qualitative answers.

2. To which degree do you believe that your company embraces the
environmental aspect?
The answer to this question was not straightforward since the definition of embracement of
the environmental aspect varies a lot between the companies’ representatives. More than
80% of the respondents claim that their companies embrace sustainability to a very high
degree but when they were asked to reveal some of the operations and processes that
support their views, the answers were different. A part of them have mentioned green lease,
investment in renewable energy sources for own supply and some undertaken
improvements on material, water and electricity supply systems to reduce the energy
consumption. Others have referred to planned projects with smart buildings that save
energy in certain ways. And few respondents have talked about continuous changes that are
carried out on the existing facilities to reduce the energy consumption such as automatic RC
heaters and energy saving windows.
The rest of the respondents stated that the environmental aspect is supported in their
companies to some extent, but they need to learn more about this field and be more effective
in implementing it in their work practices. However, a number of them have referred to their
yearly Corporate Sustainability Report.

3. What is your first perception of a hybrid power concept in urban areas?
Every new developed product builds a unique image in people's minds as it’s exposed to
them for the first time. Some products leave engraved images while others have poor
impressions. To analyze the first impression of the new concept within the real estate
companies the question above was formulated.
The concept of the hybrid power system for residential buildings was generally well
perceived by nearly 80% of the respondents while the remaining 20% did not consider it as
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very distinctive energy solution in urban areas. Even though 20% of the respondents were
neutral to the concept no one has experienced a negative impression. Since the following
questions reveals some of the details behind the observed perceptions the question was
limited to these answers.

4. What do you like most about the hybrid power concept in residential buildings?
As a complementary part to the previous question the respondents were given a space to
elaborate and communicate their views by asking about the positive sides of the concept. A
number of answers have been received by the respondents, but they could be summarized
in four points.
•

The combination of wind turbines and solar panels in an energy solution in urban
areas that was not available previously.

•

The energy efficiency use that would make it possible to reduce and improve the
energy consumption.

•

The integration of wind turbines and solar panels in the structure of the building
considering the small size of the wind turbines used in the current concept.

•

The ability of producing electricity locally which increases the energy efficiency
chances.

5. What do you like least about the hybrid power concept in residential buildings?
This question could be the counterpart of the previous question that presents the negative
sides with the hybrid power concept according to the respondents.
Even in this question a number of opinions were given by the participants, but they are
recapped in four points as well.
•

The architecture design with regard to the wind turbines that might need to be
improved a bit. No clear ideas were mentioned about any alternative design but the
existing one was not sufficiently promising according to some interviewees.

•
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The noise caused by the wind turbines.

•

The government regulations for such a project.

•

The efficiency of the solar panels that might decrease because of snow, dirt and
damages since they will cover a large area on the roof which even complicates the
maintenance and repair processes.

6. What are the things that come up to your mind when considering hybrid power
concept in residential buildings?
The earlier questions were meant to analyze the concept while this specific question is more
customer oriented to touch upon the customers’ mindsets and reveal the things that pop up
to respondents’ minds when thinking deeply about having this product.
On the one hand the respondents have mentioned few positive aspects associated with the
concept such as sustainability, architecture design integration and local electricity
production, but on the other hand they have expressed their concerns much more about the
financial benefits including, the efficiency of the product, the price of the product, the
installation- and maintenance costs and the reparation costs. Some interviewees have even
expressed their concerns about risks for overinvestments.

7. How much do you evaluate the environmental aspect compared with the
financial one and to which degree do you involve that in your decisions?
The interviewees responses to this question could not generate a defined pattern. According
to more than 70% of the respondents the environmental aspect is highly evaluated but could
not be compared with the financial benefits because companies operating in the real estate
business run a number of processes that vary much in their nature. Some of them embrace
the environmental aspect but others have no space for it. When they were asked to elaborate
on that it became clear that some operations and processes, where the environmental aspect
is not involved, may require a lot of efforts and resources that are considered to be unusually
applicable and burden the company. In general, they stated that their companies apply the
corporate social responsibility concept. The remaining 30% claimed that the environmental
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aspect is taken into account in their companies to some extent, but it was not obvious to
define the related processes and activities.
With regard to the level of involving the environmental aspect in business decisions, the vast
majority of respondents could almost agree that the environmental aspect is always present
in their decisions to the degree that enables them to run a profitable business and take their
social responsibility at the same time.

5.2 Reflection and previous studies
In the mid 1990s the international organization for standardization developed a set of
standards - IOS1400 - to provide guidelines and practical tools for organizations and
companies to effectively manage their social environmental activities. ISO 1400 has been
improved later few times to match the rapidly increasing business growth and changing
environment. Ten years later, the Swedish Environmental Production Agency and the
Swedish agency for economic regional growth performed together with the Swedish ESF
Council several research studies to analyze the environmental management system in work
practices and provide improvement proposals (Swedish Environmental Production Agency,
2003).
The final report of the conducted studies has shown a number of shortcomings and problems
related to the implementation of the environmental management system. The report
identifies the reasons behind those shortcomings and problems by categorizing them in 3
areas: the poor driving forces, the lack of knowledge and the application related obstacles.
Poor driving forces depends on among other things the low market demand, the high cost,
the use of resources and the insufficient environmental legislation.
In the recent decade the problem of global warming and the greenhouse effect has emerged
strongly which increases the society’s expectations on companies to implement more
environmentally friendly solutions in their products and services. But the performance of
applying environmental management system could not be quantified since companies are
free to develop own environmental management systems that suit their needs which leads
to a huge variety of systems. As a result of that, organizations and companies may carry out
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some sloppy environmental activities but still be awarded certificate for their environmental
management system (Swedish Environmental Production Agency, 2003).
In 2015, the Swedish Environmental Production Agency conducted a new field study to
identify the environmental efforts undertaken by organizations and companies. As a result
of the study, the agency realized that a lot of companies involved the environmental efforts
as part of their business strategy to meet the customers’ expectations and maintain their
reputations, but those environmental efforts are still not sufficient in the social context
(Swedish Environmental Production Agency, 2015). According to the agency there is still a
gap in the environmental efforts between the companies’ level and the social expectations
level. Furthermore, the agency states that the management systems undertaken by the
companies in this matter does not mean that the companies lead us toward sustainability.

5.3 Questionnaire findings
The survey is composed of 9 questions where 8 of them had multiple choices and 1 question
was phrased to give the respondents the ability to freely express their thoughts in text.

5.3.1 Improvement possibilities
The current question was introduced to identify the concept parameters that are considered
to be open for improvement.
Question 1: What could be improved?
Answer: The architectural aesthetic design, the noise level and uncovered wind turbines that
could be covered with a grid to protect them from birds and other objects. There was also
another concern mentioned about replacing the battery storage system with other energy
storage systems that are less expensive.

5.3.2 Aesthetic design
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The aesthetic look is often one of the product parameters that have a significant impact on
the customer preferences depending obviously on the purpose of every single developed
product. In home appliances and personal electronic devices plays the aesthetic design a
major roll while in other categories might not be considered so crucial. The following
question was formulated to identify the significance of the aesthetic design.
Question 2: How important is the aesthetic aspect (appearance of the installed system on the
rooftop)?

Figure 16.1, The aesthetic design significance degree

Although the wind- solar hybrid power system is not a personal device or a home
compliance, its aesthetic design is categorized as very important. The given grade of
importance might be associated with the design of the building as a whole. If the wind
turbines were placed somewhere else on the roof and not displayed to people, then the
aesthetic look might have been evaluated differently.

5.3.3 Payback time
Every investment has some kind of return which is mostly financial return that covers the
costs of the investments. Depending on the investment and the business goals the payback
time could vary a lot. By the following question the author tries to estimate the payback time
that is recognized as acceptable by the customers.
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Question 3: What is the maximum acceptable payback time span in years? (The total saved
electricity cost that is equal to the cost of the hybrid system).

Figure 16.2, Acceptable payback time in years

It’s clearly illustrated in the figure above that the payback time should not exceed 15 years.
The shorter the payback time is the more beneficial the product will be. To assess the
payback time the concept needs more detailed calculations based on substantial parameters
such as the solar radiation resource, the wind resource, the solar panels’ energy output and
the wind turbine energy output including its ability to rotate with regard to wind speed. Of
course, the price of the product including maintenance and installation together with the
storage system in addition to the current price of local electricity has to be specified to
estimate the payback time. Based on Vertical Wind AB’s simulated values the payback time
span 10 to 15 years could be achieved for the target locations with some low risk for
deviations. Other solutions for shorter payback time could probably be available in the future
by some optimizations but there is always a limit that could not be exceeded based on the
wind resources and solar radiation.

5.3.4 Product life time
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The critical product parameters include the product life time as a very high evaluated
dimension. Next question presents the product life time that looks to be acceptable by the
respondents.
Question 4: What is the minimum acceptable product lifetime in years?

Figure 16.3, Acceptable product lifetime in years

The life time parameter seems to have different expectations and needs more market
research to be included in the conclusion part. Anyway, the company can still estimate the
product life time that matches the customer expectations to a reasonable degree.

5.3.5 Noise level
Having such a system on rooftops may expose the inhabitants to some noise during operation
due to the rotation of the blades so the noise level that is considered to be acceptable is
revealed through the following question.
Question 5: What is the maximum acceptable noise level indoors in decibel?
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Figure 16.4, The acceptable noise level

No doubt that the noise level should be minimized as much as possible even though
inhabitants will have different distances to the source of the noise. This parameter has been
taking into consideration in the design of the new customized wind turbine, according to
Vertical Wind AB.

5.3.6 Likelihood of buying the hybrid power system
After all asked questions above the probability of buying the new product is analyzed by
asking the following question.
Question 6: How likely would you be to buy the hybrid power system if it was available today?

Figure 16.5, The probability of buying the hybrid power system
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The vast majority of the respondents find themselves between “somewhat likely” and “very
likely” to buy the product. Others are not attracted to it and no one seems to be captured by
the product to the highest degree. This may depend on more than one reason. First of all, the
concept of hybrid power system in urban areas and on rooftops of residential buildings is
quite new on the market which means that the adoption level of it remains low in its initial
phase. Only the category of lead users that falls in the “extremely likely” section.
Furthermore, the price of the product might make customers a bit more cautious when
considering the investment in such a product with regard to payback time. Other concerns
like the architecture design and the noise level play probably a minor role in the respondents’
answers. Another reason that might play a significant role in this decision is absence of
sufficient incentives related to the social public demand and governmental legislation which
will be discussed deeply soon. The analysis of the results in this question are based on what
has been mentioned earlier by the interviewees.

5.3.7 Likelihood of recommending the hybrid power system to others
This question associated with the previous question to some degree because people usually
recommend products to each other almost in the same scale of buying them.
Question 7: How likely would you recommend the hybrid power system to others?

Figure 16.6, The likelihood of recommending the product to others
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Generally speaking, almost the same customer preferences could be recognized in the
current result as in the former one.

5.3.8 The need of the hybrid power system
To identify the need of the hybrid power system, according to the target group, the author
has added the following question.
Question 8: Do you think of the hybrid system as something people might want?

Figure 16.7, The need of the hybrid power system

The results show a fairly high need of the hybrid power system which indicates good chances
of sales, market share and growth. However, half of the respondents do not see that people
are in great need of such a renewable energy system for electrification which may indicate
their sluggish environmental view on electrification.

5.3.9 Ranking of the entire concept
The final question in the survey is to rank the complete product/concept as a whole in order
to draw some conclusions and assess the concept image in people’s minds.
Question 9: How would you rate this concept? (10 the highest score)
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Figure 16.8, The ranking of the complete concept

The results show that the concept of the wind- solar hybrid power system in urban areas is
quite positively perceived by respondents but it still not seen as very attractive which
reminds a lot of the former answer.

5.4 Additional concept related feedback
As mentioned above the author took the opportunity to discuss the concept in depth with
some companies’ representatives who were extensively engaged in the sustainable issues. In
general, the interviewees were attracted to the concept and were enthusiastic to contribute
to a sustainable environment. After the concept introduction and discussion of the related
points above the interviewees gave their feedback and expressed their concerns in general.
In addition to all responses above the idea of a complete energy solution was proposed by a
very experienced business developer within sustainability matters. According to him “it
would make the hybrid power concept much more attractive to big actors within the real
estate sector”.
The other concern was the weight of the complete product that would require a higher
weight of the foundation and thereby lead to rising costs of the building. The third one was
the noise level that should even be less than 30 db. The last one has been mentioned earlier
but it was discussed longer over the phone, the battery storage system. The battery bank
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solution is expensive and not environmentally friendly with regard to chemical waste
associated with the replacement of the battery storage system. Replacing the battery banks
with another storage system may make the concept much more appealing to people
according to some interviewees.

5.5 Discussion and previous studies
As one could realize from the submitted answers, the acceptance level of such a hybrid power
system is high but not very high as it was expected. Even though, real estate companies carry
out continuous improvements on their environmental efforts they are not ready to make a
big jump toward an own renewable electricity generation system that could reduce the
harmful environmental impact associated with the fossil-based electricity consumption, very
much. Of course, the hybrid power system alone won’t replace the traditional electricity
sources, but it will reduce it a lot.
However, a lot of the interviewees were highly conscious of the environmental issues, they
did not seem to see a huge need of such a renewable power system for electrification. It
indicates that they consider the concept more or less like any other product on the market
where the profitability side is dominating to the highest degree without a sufficient high
evaluation of the environmental aspect. Even if the gap is still large between the companies’
environmental efforts and the public expectations, companies do not experience tough
demand from the market and not even on the governmental level with regard to legislations
and rules. A thesis study on sustainability reporting in 7 publicly traded real estate
companies, conducted in 2016 by 2 students (Emma Kulander & Clara Lindgren) at
Linköping University, has shown clearly which incentives that have the most impacts on
companies in terms of sustainability efforts. It’s obvious in the following figure that
legislations shape one of the poor incentives that have a minimum impact followed by the
customer demand.
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Figure 17, incentives for sustainability reporting (Kulander & Lindgren, 2016)

The reasons underlying the current results may need to be discussed in depth in further
research in order to identify their degree of impact on the present results. One may think
that the environmental consciousness among people has the major impact but the decision
of having environmentally friendly alternatives is mostly associated with higher costs which
involve the economic factor as a dimension in the decision-making process (Swedish
Environmental Production Agency, 2015). Since the environmental issues have been
discussed intensively during the past couple of decades, the majority of people became aware
of sustainability maters, but the tough economic life conditions may make consumers less
interested in having environmentally friendly electrification options which is reflected on
their market demand.
On the other side, the Swedish government grants financial privileges to companies that
produce own electricity from wind turbines but not to consumers. In case of solar panels,
there are actually some financial aids to both companies and private individuals. Despite the
governmental financial aids to both categories, only 31 percent of the applications came from
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companies in 2014 (Swedish Energy Agency & Swedish National Board of Housing, Building
and Planning, 2014). We are still in the phase where governments try to encourage
companies by various privileges while the environmental impacts increased so much that
the earth temperature has increased by few degrees causing an accelerating melting process
of Antarctica’s ice according to Jonathan Kingslake at Columbia University. Countries’ leaders
have gathered a number of times in many conferences to take actions for reducing emissions
and thereby the increasing temperature of the earth, but it’s has not been more that
agreements and promises without introducing or significant changing of legislations that
probably would be the major driving force for change. The dominating change that has been
conducted by governments so far was the continuously introduction of increased fees and
some minor changes applied to the emission limit.

6 Finances and marketing
As the hybrid power concept will be introduced to the market as a new product, Vertical
Wind AB aims to minimize the production costs by running the production activities in
countries with low labor costs. China was proposed as an option to have an outsourced
production in, but the company excluded China and selected Poland to be the target country
for their production due to some strategic business goals. However, the manufacturing is
based in Poland the product will be promoted initially in Sweden as the first market, then it
will be distributed to other countries probably in Europe. Later on, it will be distributed
worldwide to be available in all target countries.
The solar- wind hybrid power system consists of 2 subsystems: the solar panels and the wind
turbines. Vertical Wind AB intends to supply the complete hybrid power system to
customers, but the company will manufacture only the wind turbines, meaning that the
financial analysis will be carried out for the production of the wind turbines. How the solar
panel system will be managed is up to the company but there is a lot of options on the market
to be select.
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6.1 Financial analysis
To estimate the production costs in Poland, the author has investigated a number of reliable
websites and compared the numbers to include the most accurate ones in the calculations.
The costs have been performed per unit in addition to the next 3 years based on sales forecast
for the next 3 years as its presented in the following financial figure. All numbers in the
financial analysis have been estimated by the author and approved by the supervisor.

Figure 18, Production costs per unit and for the next 3 years

6.2 Production
The production costs are presented in detail in the financial figure above. Based on the sales
forecast, that has been assessed by the author, the production site and the labor force were
specified. The labor- and the rent costs have been obtained from different websites listed in
the reference list. The raw material cost and the required components have been estimated
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based on wind turbines with almost the same size available on the market. The number of
employees that would be suitable for this project is 7 divided as shown below and the
equipment needed for the manufacturing facility listed in the table below.

Figure 19, Number of employees per division

Figure 20, Equipment needed for starting the production

6.3 Installation
The installation could be carried out by any authorized electrician at the expense of the
customer since the wind turbines will be shipped ready for operation. It won’t need much
efforts or experience to put them on the previously specified locations. So, the installation
costs are not included in the financial analysis based on that decision, but other options could
of course be discussed later by the company.

6.4 Profit margin
The sales price of the wind turbine is intended to be 350 € on which the profit margin is
based as follows:
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Figure 21, The profit margin per unit

6.5 Investment appraisal
Based on forecast, the number of sold units will be 7000 in the first year, 10000 in the next
year and 14000 in the third one. So, the yearly profit is calculated as follows:

Figure 22, The yearly profit

If the company takes a loan of 2 million Euro at 0.95% interest as an initial investment and
pays it back in 3 years, then the payment schedule is suggested to be as follows:

Figure 23, Loan payment schedule

Based on the previous calculations for revenues and costs including the loan payment and
interest, the NPV value and the IRR will be as follows:
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Figure 24, Investment appraisal

6.6 Investment payback time
AS it’s illustrated above, the investment appraisal has been conducted based on a loan of 2
million Euro at interest of 0.95%. If Vertical Wind AB would like to take a lower loan, then
the interest may probably increase a bit, but the payback time will obviously decrease as it’s
presented below. The following calculations have been performed for 2, 1.75, 1.5, 1.2 and 1
million Euro with 0.95, 1.03, 1.04, 1.05 and 1.1% respectively.

Figure 25, Investment payback time for different loans

6.7 Lower production volume
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If the number of sold units is estimated to be much lower as 2000 units in the first year, 4000
units in the second year and 7000 units in the last year, then the initial investment by loan
could go down to 600 thousand Euro and the financial appraisal will look like below:

Figure 26, Loan payment schedule

Figure 27, Investment appraisal

6.8 Marketing Strategy
6.8.1 4Ps model analysis
The 4ps is a marketing model used by promoting companies to improve their marketing
opportunities. It’s the basis model used in marketing built on 4 pillars: product, price, place
and promotion.
Product: The small-scale solar-wind hybrid power system is conceptually new but the
components that compose the hybrid power system are not completely new. The solar
system remains the same as any other solar panel system available on the market while the
wind turbine is a modified type of an existing wind turbine type (Savonius). So, thus the
product including the features of the new developed wind turbine, i. e. the noise level and
the ability to rotate at low wind speed, would capture the interest of the larger user segment.
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Price: The price of the new concept depends on some parameters that are defined through
the financial analysis previously in the project which seems to be reasonable compared with
similar products available on the market.
Place: The product is meant to be sold worldwide but at this state the company would like
to have it sold locally in Sweden so that the product could be followed up during its operation
at least in the first phases which increases the chances for continuous development
opportunities.
Promotion: Currently, the company has no other promotion channels than the direct
channel through its CEO. Other promotion opportunities through a sales guy could be
exploited.

6.9 Marketing Channels
There are different channels options on the market to be chosen. It usually depends on the
market type, the strategy of the company, the market segmentation and the market demand.

6.10 Distribution
The variation of the distribution channels makes it easier for companies to sell their products
more extensively, but the selection process of the most appropriate distribution channel/s
is associated with the type of product and the business strategy of the company. As a system,
the solar-wind hybrid system is not that advanced to be installed by specialists, but it needs
a comprehensive pre-study to investigate the opportunities of a successful performance. To
avoid any troubles or issue, that might leave serious impacts on the company’s reputation or
the product image, Vertical Wind should select direct sales channels. This could be done
through some sales guys, at least at the initial phase, with help of an attractive website.
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Figure 28, Marketing matrix

6.11 Sales forecast
The sales figure includes both the large-scale wind turbines and Savonius wind turbines.

Figure 29, Sales forecast for the next 3 years
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6.12 Break Even point
The break-even point is the point where costs are equal to revenues. Based on the financial
figure above the fixed costs go up to 354400 € yearly which means that the company needs
to sell 2835 units yearly to reach the break-even point. The variable unit cost is 225 €.

Figure 30, The break-even point

6.13 Business Model Canvas
A business model canvas is a management tool used for strategic development of
organizations and businesses. It presents the essential parameters on which the strategy
plan is built with operations and processes.

65

Figure 31, BMC model

6.14 Process and operation (4Vs)
Vertical Wind manages its operational activities obviously in a projectified way containing a
number of processes as the case in similar businesses. In order to properly manage the
operational processes, a model that is called 4Vs, has been defined to identify the parameters
that manipulate the operational characteristics. The parameters of the 4Vs model are
volume, variety, variation and visibility.
Volume: Indicates the number of products or services produced by Vertical Wind AB which
is somewhat low.
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Variety: Defines the variety of products and services produced by the company. The variety
is quite deficient at the moment since the company has mainly one product in its portfolio
which is the large-scale wind turbine.
Variation: Refers to the variation in demand for produced products and services which is
actually limited due to technical features.
Visibility: Emphasizes the level of visibility that customers experience towards produced
products and services. This parameter might be a challenge for the vast majority of
companies since customers can’t be exposed to production activities of items but on the
other hand a lot of services could be experienced by customers. So, the production
managed by Vertical Wind AB is not exposed to customers, but the services provided at
customers’ sites are generally visible.
By adding the hybrid power concept to the company’s portfolio and a strategy plan with
recommendations from the business model canvas the company’s 4Vs model could be
improved a bit as it’s shown below.

Figure 32, The 4Vs model after introducing the hybrid power concept

6.15 Risk analysis
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Penetrating the market with a new product is always associated with some risk. It could be
for instance financial risk due to emerging issues such as increased costs or low sale rate,
and it could be regulatory risk associated with changed governmental rules and regulations
or it may be other things that lead to any kind risk. Whether it’s financial, regulatory or
another kind of risk, it has to be identified, assessed and controlled by the company.

7 Conclusions
Renewable energy solutions have permeated a large number of industrial sectors and many
implementations we face in our daily activities. Since the day that the concept was adopted
by very large industrial actors, billions of Euros have been pumped in, and huge investments
have been made, to replace the conventional energy-based applications. The development
efforts have been extensive, and the competition has been tough in some sectors such as the
automotive but in other industrial sectors less efforts were observed. Those differences in
efforts may be related to the various harmful impact caused by every industrial sector but
they might even rely on other minor factors such as the cultural differences within different
sectors.
The interviews with the companies’ representatives indicate an increasing engagement in
the sustainability filed in general. Questions no. 2 and no. 7 were general questions phrased
to analyze the companies’ efforts toward sustainability. It’s been interesting to see that all
interviewees stated that their companies have undergone several changes in processes and
services to contribute to more environmentally friendly solutions. However, differences in
efforts and activities could be clearly realized between large and small actors. Large market
actors tend to have performed continuous changes to their processes and established own
sustainability management systems based on those efforts while smaller actors seem to have
less achieved progress and unorganized sustainability management systems. It was even
more obvious to observe the variation of the sustainability role in the final decisions between
large and small actors. Large actors have apparently financial resources and assets that
enable them to involve the sustainability parameter much more than their smaller

68

competitors and invest in environmentally friendly solutions that have less economic return
compared with their counterparts.
The answers obtained through the interviews, with regard to the wind-solar hybrid power
system, align with the responses in the questionnaire. The hybrid power system has been
positively perceived but with cautious or concerns mainly about the economic and efficiency
aspects of the system which have clearly left their impacts on the likelihood of buying the
hybrid power system or recommending it to others. Some minor changes may need to be
applied to the structural design to adapt it to the customer specifications. Detailed customers
preferences could be obtained through a further market research and alternative structural
designs can be conducted based on that. The other concept parameters covered in the
questionnaire such as the life time and the noise level were specified by the target group
without any required changes. The minimum expected lifetime is approximately 18 years
and the expected noise level is less than 30 dB which could be fulfilled by the new concept.
Considering the hybrid power system as an investment, most of the respondents expect the
maximum payback time to be approximately 13 years which could be easily achieved by the
hybrid power system in certain areas. Different locations will definitely have different
payback time depending on the available wind resources and solar radiations.
The 13 companies’ representatives have been replied to all questions in the survey except
questions no. 1 and 7. Question no. 1 was formulated to give the respondents free space to
express their thoughts in text by asking about things that need to be improved in the hybrid
power system. Most respondents have replied with some improvement suggestions with
regard to the structural design and the battery system as it mentioned above while the
remaining part was satisfied with the concept and had nothing to add. Questions no. 7
analyzes the likelihood of recommending the hybrid power system to others. The question
has been answered by 11 respondents which might have been missed by mistake.
The response that might be worth emphasizing here is that approximately half of the asked
companies’ representatives don’t see the renewable hybrid power system as something
people definitely need to replace the conventional system for electrification. They see it as a
something that is probably needed. The financial aspect is may be one of the reasons behind
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the presented data but there might be more reasons that could be revealed by further
studies.
In the real estate sector in Sweden, companies have undertaken several changes toward the
renewable energy solutions. They implemented an environmental management system and
started to report their environmental efforts yearly. Some companies perform more than
others where major differences could be realized but all of them get at the end
environmentally certified. The changes are still not enormous like in other contexts which
rely on among other things the poor public pressure and the loosen governmental laws and
legislation. The real estate companies in Uppsala have expressed their interest in in the solarwind hybrid power system and they tend be willing to have the system in their properties
but not to a very high degree as it was expected. They consider the system as any other
product on the market where the financial aspect plays the substantial role. Even though,
they involve the environmental aspect in the vast majority of their decisions, the
environmental aspect still does play a major role in the final decision compared with the
economic return. As things stand, investments in renewable-based energy solutions for
electrification by a hybrid power system or similar systems were not discussed within the
asked companies as a part of a potential progress achieved by the environmental
management system.
However, the concept adoption may not be very high as expected, the developed solar- wind
hybrid power system meets the customer needs as a product. Although the system may need
to be improved a bit, based on the customer perceptions that have been obtained above, the
hybrid power system tends to be a successful product as it appears in the customer
perception and feedback on the solar-wind hybrid power system in urban areas.
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10 Appendix A - Vertical Wind AB analysis
10.1 Business and financial analysis

10.1.1 Strategic goals
One of the long-term goals for Vertical Wind AB is to increase the electricity production from
renewable energy sources and thereby reduce the harmful impact on the environment
associated with fossil fuels and other energy sources. To achieve this goal, the company tries
to bring the technology into cities and closer to households by installing the hybrid system
on buildings as a part of the construction design. Simultaneously, the company is pursuing
an increasing profitability margin and a higher growth rate as other successful businesses
operating within the same field. In order to meet the predefined goals Vertical Wind AB
should define business objectives and achieve them through well-planned sets of actions.

10.1.2 Mission statement
Vertical Wind AB’s mission is to develop and spread the renewable energy-based hybrid
power concept and enable people around the world to contribute to a more sustainable and
better life.

10.1.3 Vision statement
The company’s vision is to contribute to a better environment by replacing the traditional
energy sources with environmentally friendly sources and thereby minimizing the harmful
impacts.

10.1.4 SWOT analysis
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In order to identify the company’s potential and its ability to penetrate the market a so called
SWOT analysis has to be performed. A SWOT analysis is a tool used in market research to
identify strengths and weaknesses as well as opportunities and threats. The following SWOT
analysis figure presents the analysis, with relation to the four categories, as specified by the
author. Strengths and weaknesses are usually defined internally within the company while
opportunities and threats as external dimensions. The combinations of those four
dimensions help us then to explore advantages, defence, vulnerability or temptation
probabilities.

Figure 33, SWOT analysis
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10.1.5 Financial figures
The financial information that was available in the Swedish tax authority shows that Vertical
Wind AB has increased its revenues by more than 3 times over one year, from 2016 to 2017.
On the other hand, the costs have risen a bit more than 2 times. Despite the improvement in
the yearly result, the company has not made any profit. It presents negative results due to
the high costs. In contrast, the company has supported the equity share by 2,4 million while
the assets value has dropped by approximately 8 million as it appears in the following
financial figure.

Figure 34, Vertical Wind AB financial figure

10.1.6 Resources
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Vertical Wind AB has equity and assets embodied in equipment for about 5 million.
Additionally, the company is provided with an inherent knowledge base and empirical
experiences associated with a wide range of projects within the renewable energy
production field. The intangible knowledge and the relationships with the universities
around the world facilitates for Vertical Wind AB to establish such projects and successfully
run them with continuous improvement even in a much larger scale.

10.2 Process and operation management

If we were to analyze the performance of Vertical Wind AB, before introducing the hybrid
power concept, in a so called “efficient frontier diagram” with 2 dimensions: the variety of
products and cost efficiency, the company might be positioned in the lowest part as it’s
shown in the following figure.

Figure 35, Efficient frontier diagram

10.3 Market demand
Certainly, this project is initiated in an appropriate timing since the need for replacing the
conventional energy sources has emerged clearly in the recent decades and people around
the globe became aware of the environmental harmful impacts that are associated with those
conventional energy sources. There has not been a time that was more suitable for such a
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project than this time. Not just the time is mature for this project but even the potential is
very high at the moment, with consideration to the lots of construction projects going on in
Uppsala and in the other big cities in Sweden, due to the increasing demand in the housing
market.
A number of companies have aggressively penetrated the housing market in the recent
years and initiated large projects. Some of those projects were completed, others are still
under the execution phase and a lot are planned in the next few years. A list of those real
estate companies was presented previously in this study. Some of the ongoing large-scale
housing projects are conducted now (2018) in Rosendal quarter, Kungsängen and Gränby
with hundreds of apartments. Furthermore, the falling housing prices on the market may
encourage the big actors to outfit the new buildings with appealing features to be able to
remain the target sales price by attracting more interested customers.
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11 Appendix B – Questionnaire
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