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Abstract  
The impact of gravity on organic material such as the human body has 
been a growing research field ever since the dawn of space flight. The 
Random Positioning Machine (RPM) is used to simulate microgravity on 
organisms without the use of real microgravity that is both expensive and 
scarcely available. This enables in-depth studies on the effect of 
weightlessness on organic materials in a controlled environment with 
relatively small means. The RPM has not yet been commercialized to a 
broader market but the most recent improvements to the machine creates 
possibilities for a start-up business revolving around the RPM. A method 
including both qualitative and quantitative models based on a case study 
were used to capture both aspects and to understand both how far in 
development the technologies were and the potential in the different 
market segments. The TRL for the different UVP’s of the RPM were 
generally ranked high except for the modularity and the market segment 
ranking shows that, from the four chosen segments, the food 
fermentation and fat crystallization segments have the most potential. 
The watch industry showed a minimal amount of potential. The SWOT-
analysis on the two segments shows that the biggest weakness is the 
inexperience with start-ups but that is countered by the possibility for 
support by the university. For the food fermentation, there is an 
opportunity for a partnership where the company Swiss Culture 
Collection has shown interest in cooperation but there is also the threat of 
end customers equating organisms produced in microgravity with GMO, 
and by that having a negative impact. For fat crystallization, there is an 
opportunity with improving the process for producing low-fat products 
if research shows that microgravity can affect the density of the product. 
On the other hand, there is a lot of research that needs to be done to get 
the results. 

 

Keywords: SWOT, technology readiness level, microgravity
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1 Introduction 
1.1 Background 

The impact of gravity, or lack thereof, on organic material such as the 
human body has been a growing research field ever since the dawn of 
space flight. The Random Positioning Machine (RPM) platform is used to 
simulate microgravity over longer periods on organisms without the use 
of real microgravity that is both expensive and scarcely available [1]. This 
enables in-depth studies on the effect of weightlessness on organic 
materials in a controlled environment with relatively small means [2]. The 
RPM platform has not yet been commercialized to a broader market but 
the most recent improvements to the machine creates possibilities for a 
start-up business revolving around the RPM. The problem is to figure out 
which market segments that could be interesting in an innovation that 
hasn’t been introduced to the wider market before. This is where the 
market analysis comes into play. A market analysis should be one of the 
first things a start-up should do in their work on developing a business 
plan so that potential customers are identified [3]. 

1.2 Purpose 
The purpose of the thesis is a market analysis on four market segments to 
investigate the possibility of commercializing the RPM in two of those 
market segments. The results will be used by the industrial partner, Prof. 
Dr. Marcel Egli, in his work on a business model for the start-up 
company. 

1.3 Research questions 
The aim of the thesis is to answer the following research questions: 

1. Which two market segments from the original four has the 
highest combined scores on the Technology Readiness Level 
(TRL), and the match between the customer needs and the 
Unique Value Proposition (UVP) of the RPM? 

2. What strengths, weaknesses, opportunities, and threats exist in 
the two market segments? 
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1.4 Limitations 
Data is gathered from the four chosen market segments food 
fermentation, fat crystallization, medical research, and watch industry. 
This because they were identified as most promising by the industrial 
partner, Prof. Dr. Marcel Egli. 

1.5 Structure of the thesis 
Chapter 2 goes through the theoretical knowledge that the thesis is built 
upon. Chapter 3 describes the method that was used to conduct the 
project. In chapter 4 the results produced are presented. Chapter 5 discuss 
the results from chapter 4 and chapter 6 holds the conclusions draws from 
the study. 
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2 Theory 
2.1 Development team and the university 

The team behind the developed RPM is led by Prof. Dr. Marcel Egli, who 
is a renowned researcher with several published papers in the fields of 
neurobiology, neuro-endocrinology, and space biology [4]. Egli currently 
works as head of the Institute of Medical Engineering at the Luzern 
University of Applied Sciences and Arts. [4] 

At the university there is an initiative called Smart-up, that aims to 
motivate and enable people connected to the university to put their own 
business ideas into practice. They offer support by experienced 
entrepreneurs through coaching, training, workplaces and an extensive 
network. [5] 

2.2 Microgravity 
Microgravity is a state where the effects of gravity can be seen as 
negligible compared to its normal value on earth [6]. This can for example 
be seen when people or objects seemingly float in space. Simulated 
microgravity is a condition when a machine is used to abolish or nullify 
the effects of gravity on an object [1]. 

2.3 Random Positioning Machine 
An RPM is a laboratory instrument that provides continuous random 
change around two axes and through that cancels out the gravity vector 
if the change in direction are faster than the object’s response time to that 
change. This effect is comparable to true microgravity for a small section 
close to the rotational centre of the RPM, if the sample object is outside of 
this section, it gets influenced by centrifugal forces. This mean that for 
example plants are viable objects. [7] The original RPM was never 
developed for the specific use of simulating microgravity but used to 
study the eye reflex in rabbits in the beginning of the 20th century. It 
wasn’t until the middle of the century that H.J. Muller suggested using it 
for human studies in simulated space flight conditions. [1] A basic RPM 
can be seen in figure 1. 
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Other similar technologies for microgravity simulation are clinostats, 
which rotates around one axis, and 3D-clinostats, which rotates around 
two axes, but the big difference from the RPM’s approach is that these 
rotate at nearly constant speed and without changing the direction. [1] 
One of the differences between the two regarding functionality is the 
sensitivity to distance from the centre of the rotation. The acceptable 
radius in the RPM can be up to 30 times larger than the clinostat. [8] 

Today, the technologies for simulating microgravity are mostly used in 
research and from summarizing the keywords in the open articles in the 
database for microgravity at Nature Research, we can from the complete 
table in appendix C see that it is mainly in physiology and medical 
research, followed by microbiology and neuroscience. [9] This shows that 
although the technology is used, it is not used a lot for commercial 
purposes. 

2.4 Market analysis 
The market analysis is an important and initial activity when creating a 
business plan, as well as a task that needs to be revisited frequently due 
to the ever-changing markets. It is a way to look at potential markets for 
customers that the firm might reach now or in the future. The way to get 
this information can vary based on the market that needs to be analysed, 
everything from the local chamber of commerce to governmental data 
and of course contacts in the market itself. It is helpful to divide the 

Figure 1. RPM with two independently driven 
perpendicular frames. [7] 
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market into segments to be able to address the specific needs of every 
market segment. Each market segment has individual conditions that 
needs to be addressed and analysed to best market the product or 
organisation. [3]  

In this study, the main source of market information came from 
secondary market research and interviews with potential customers. 
Secondary market research is simply looking at existing research and data 
on the market, which has the benefit of being a fast way of collecting data. 
Interviews are useful for exploratory research when searching for 
customer problems and motivations. [10] 

Other possible methods of collecting market data are surveys, focus 
groups, experiments and field trials, and observations. Surveys are not a 
viable research tool when the available audience is too small, or the 
market is very narrow [10], which it was in this study with only a few 
possible participants. Observations are good for measuring actual 
behaviour of a customer [10] but since the RPM is new to the market there 
were no customer behaviours to observe. 

2.5 Tools used 
2.5.1 Business Model Canvas 

The Business Model Canvas (BMC) was developed by Alexander 
Osterwalder and Yves Pigneur to have a framework for the business 
model in a lean start-up concept [11]. The BMC consists of nine building 
blocks that creates a shared understanding of how an organization 
creates, delivers, and captures value. It is a concept that visualize the 
business model to make it intuitively understandable. The different 
market segments that the organization wants to work with should be 
describes as well as the value proposition the company offers, which are 
the two main areas. The canvas also includes how these two areas match 
with the channels used and what kind of relationship there is. 
Furthermore, the BMC contain the revenue streams, key resources, key 
activities, key partnerships, and cost structure the business must have to 
make the business model work. [12] An illustration of the BMC can be 
seen in figure 2. 
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In this thesis, the focus was on the market segments and the value 
proposition, which is called the Value Proposition Canvas and can be seen 
in figure 3. The relevant market segments and the unique value 
proposition of the RPM were chosen through discussions with the 
developing team. The unique value proposition is the value the new 
technology can offer that differs from what already exists on the market. 

To describe the market segments the customer empathy map was used, 
which is a tool to help build a customer profile that describes the 
environment the customer acts in. This to better be able to understand 
what the customer needs. [12] An illustration of the empathy map can be 
seen in figure 4. 

Figure 2. The Business Model Canvas. [12] 

Figure 3, Value proposition canvas. [12] 
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The BMC was used instead of a normal business model since it illustrates 
all the relationships of internal and external aspects, as well as showing 
how these relate to each other to create and capture the value. It is 
therefore considered the most complete model in the business model 
theory. [13] 

2.5.2 Technology Readiness Level 

The TRL was originally developed by NASA during the 1970-80’s to be 
able to make a more effective assessment of the maturity of new 
technologies from the state of basic research to fully functioning 
operation over a nine-point scale. It has since then been adopted and 
modified to assist as a tool for decision making both by companies and 
governmental organizations. Some of the limitations of the TRL are that 
it focusses on a single technology on the lower levels, but the higher levels 
are more about assessing the maturity of the entire system. This can 
complicate the application of the model onto projects that often are about 
complex solutions rather than component development. Another 
limitation of the TRL are that it pays little attention to non-technological 
aspects, e.g. assessment of economic feasibility. This means that the 
model needs to be adapted to the situation. [14] 

Figure 4, The customer empathy map. [12] 
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The TRL is a well-tested method to describe the component knowledge 
which provides a common language for the study to evaluate risk and 
potential of the RPM [15]. Therefore, this method has been chosen as the 
quantitative foundation of the research. 

In this thesis the definitions used by Mankins will be used to analyse the 
maturity of the different technological aspects of the RPM [16]. An 
overview of his definitions can be seen in figure 5 and is described in 
greater detail in table 1. 

Table 1. Definitions and descriptions of the TRL. [16] 

TRL Definition and description 

TRL 1 On the lowest level of technological maturity, the basic 
research has been done. The result is then translated into more 
applied research and application.  

TRL 2 The basic observations are then analysed to identify or invent 
practical application possibilities. 

Figure 5. Overview of the TRL scale. [16] 
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TRL 3 This level includes both analytical and experimental 
approaches to set the technology into the appropriate context 
as well as validate the analytical predictions. This should 
include proof-of-concept validation of the critical applications, 
but the specific approach depends on the particular 
technology. 

TRL 4 TRL 4 consists of low-level validation that the basic 
technological aspects involved will work together. These tests 
need to be devised to best support the earlier formulated 
concepts. This could for example involve testing of the discrete 
electronic components in a laboratory. 

TRL 5 In this level, the basic technological aspects must be integrated 
with reasonable realistic supporting elements so that the 
application can be tested in a somewhat realistic environment. 
This means that the fidelity of the testing increases 
significantly.  

TRL 6 This level involves testing of a representative or scalable model 
of the application in realistic environments and can also 
include the integration of several new technologies, this to 
validate that the application will work under the relevant 
conditions. 

TRL 7 TRL 7 requires an actual system prototype demonstration in 
the expected operational environment. The prototype should 
close to the scale of the planned operational system. Not all 
technologies in all systems need to be demonstrated at this 
level, only when the application or technology is high-risk and 
system critical. 

TRL 8 Level 8 is the end of system development for almost all 
technological elements. This can for example be the phase 
where a new technology is integrated into an existing system. 
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TRL 9 TRL 9 is where the application is validated through successful 
operation, but it also includes the last small fixes to problem 
that are found after launch. The main difference between level 
8 and 9 is the operations. This can for example mean that 
building a spacecraft is level 8 but launching and operating it 
is level 9. 

2.5.3 SWOT 

Companies commonly use an analysis of strengths, weaknesses, 
opportunities, and threats to systematically identify important factors in 
decision making and strategic work. The internal strengths and 
weaknesses are factors that the company are directly connected with and 
the external opportunities and threats are factors that the company in a 
short term can’t influence. The goal is then to concentrate future objectives 
on its strengths, averting tendencies related to its weaknesses, exploit the 
opportunities, and steer away from the threats. [17] [18] 

The SWOT-analysis were chosen as an analysis method instead of, for 
example Porter’s Five Forces since it focuses on both internal and external 
factors whereas Porter’s Five Forces [19] analyses the potential of the 
market with rivalry, threat of new entrants and substitutes, and the 
strength of buyer and supplier power. The SWOT-analysis’ ability to take 
both internal and external factors into consideration means that consider 
both the product and the market potential. 

In this thesis, the SWOT-analyse was used to consider a customer 
perspective on a commercialization of the RPM in the specific market 
segment. Strengths implicates the strengths of the match between the 
UVP of the RPM and the pains and gains of the customer, weaknesses are 
on the other side of the coin and will therefore analyse the weaknesses of 
the match. Opportunities is used to identify the possible opportunities it 
that specific market segment that a commercialization of the technology 
should exploit, and threats will show the threats of the segment to be 
aware and watchful of. 
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2.6 Possible market segments 
The chosen possible market segments are food fermentation, fat 
crystallization, medical research, and the watch industry. These were 
chosen based on the interview with the industrial partner, Prof. Dr. 
Marcel Egli, that can be seen in appendix B. 

2.6.1 Food fermentation 

The production of fermented foods has been applied since the beginning 
of civilization starting with dairies, meat, and vegetables, and has now 
developed into a vast understanding of the importance of the 
microorganism. Today fermented foods are regarded as part of our 
normal diet with products such as cheese, yoghurt, and fermented 
sausages. With the high concentration of masses of population in cities it 
is required that the food fermentation is industrialized to reach the large 
quantity needed. Although this is necessary, there is a growing 
movement for food that are fermented in the more traditional way. The 
claim is that they retain flavour and aroma characteristics that disappear 
in the industrial process. To be able to meet the market needs, the 
industry must be innovative and focus on the quality of the products. [20] 

Which starter culture that is used in food fermentation process play an 
essential role in determining several of the key aspects both in the 
qualities of the finished products as well as the quality of the production 
process [20]. It is here that microgravity can offer new innovative aspects. 
Experiments has shown that gravity influences the growth kinetics of 
bacterial suspension cultures and for example increases the density of the 
final cell population. [21] 

2.6.2 Fat crystallization 

Fats play an important role in industries such as pharmaceutical, 
cosmetics, and food. They can influence the mechanical properties, 
physical stability, eating properties, and visual appearance of the 
product. In basic terms, crystallization of fat occurs from nucleation and 
crystal growth via melting and cooling of fat. The shear effect from 
mixing the fat includes trends such as accelerating polymorphic 
transitions and nucleation, decreasing the crystal nanoplatelet size, and 
to high amount of shear may hinder the crystal growth. [22] 
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Since the mixing in the RPM is under microgravity it is possible that this 
changes the shearing and therefore the effect it has on the fat 
crystallization. A change in the crystals also change aspects of the end 
products such as the mechanical properties, physical stability, or visual 
appearance. One example is that it could possibly change the density in 
yoghurt and making it easier to have low-fat yoghurt that is creamy 
without adding thickeners according to Dr. Marcel Egli. 

2.6.3 Medical research 

The need for medical research on how humans reacts to being in 
microgravity have been important since the first manned spaceflight. 
Humans spend increasingly longer and longer time in space and there are 
several health problems associated with it, e.g. bone and muscle loss, 
cardiovascular dysfunction, and reduced immune function. Since 
research executed in space are both expensive and time limited a 
sufficient substitute is required. Instrument to simulate microgravity are 
used to be able to carry on the research. Medical research in microgravity 
has over time spread to other areas such as tissue growth and bone 
structure in elderly. [23] [2] 

2.6.4 Watch industry 

Inside mechanical watches are several bigger and smaller part that needs 
to be synchronized to perfection to maintain a correct display of time. 
Some of these components are called hairsprings and it have up until 
recent years been unknown how gravity affects the spring. In 2015 test 
were carried out in weightlessness and hyper-gravity during a parabolic 
flight to find out how different hairsprings behave in these conditions. 
[24] There have not been any publications from the result other than that 
the outcome was positive. [25] 

2.7 Related research 
Conducting a market research to gain the relevant market information is 
a key ingredient when launching a new product into the market. It is one 
of the major ways of getting this market information and have been done 
by businesses in one way or another for a long time. There are several 
research studies done on the subject focused mainly on how they should 
be conducted and the importance of actually understanding the 
information gained from the market research. [26] [27] The new aspect in 
this study is the combination of TRL and the quantified information from 
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the customer segment analysis to find out which segments that have the 
most promise of being a profitable market segment to focus on in the start 
up of a new company surrounding the RPM. 
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3 Method 
The thesis is a qualitative study based on a case study with some 
quantitative elements. A case study means that the researcher does an in-
depth analysis of a specific case by collecting data on and understanding 
that case. [28] The thesis initially looked at four different market segment 
that was chosen from discussions with the supervising lecturer as well as 
the developing team behind the new technologies on the RPM. These 
segments could potentially have some benefits from using the RPM. One 
or two persons from each segment was interviewed and the data from 
those interviews was matched with the UVP of the improved RPM to find 
where the pains and gains from the customers could be fitted with the 
gain creators and pain relievers of the RPM. The market segments were 
then ranked on a scale from 1 to 4 based on different criterions described 
further down. To classify how mature the different aspects of the new 
technologies was, the TRL-analysis was used to rank each technology 
from 1 to 9. The rankings of the market segments and the TRL was then 
plotted in a diagram to visualize the two market segments that had the 
most commercialization potential. From there two SWOT-analyses were 
done, one for each selected segment, to be able to compare and give 
recommendations. The reason for the multiple models and methods is to 
capture both the qualitative, with the interviews, and the quantitative, 
with the TRL, aspects and then combine these into a recommendation that 
takes more than one aspect into consideration. The method is visualized 
in figure 6 where shows that the study started with a task description 
which were followed by two parallel paths, one which aimed at gathering 
the qualitative aspect of the market segments’ pains and gains through 
interviews, and one aimed more at the quantitative aspect of the UVP 
through the TRL-analysis. These two pats converged into a ranking of the 
market segments, which were followed by SWOT-analyses of the two 
most promising segments, recommendations to the industrial partner, 
and lastly a project report. Methods are shown with blue boxes, and 
methods by orange ellipses. 
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Figure 6. Visualization of the methodology. 
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3.1 Interviews 
Interviews was performed to find out the pains and gains in the chosen 
market segments. One or two interviews with different organizations was 
conducted. The organizations and interviewees are chosen based on 
connections and proximity to the development team, both to increase the 
chance of getting in contact with people that are knowledgeable of the 
market and to enable the start-up to continue the connection when the 
thesis was finished. The questions are developed specifically for this 
thesis but are based on the different areas of the Empathy Map and can 
be found in appendix A [12]. The questions were also adapted slightly 
between interviews based on additional information that was needed as 
well as the answers given. Furthermore, the questions were designed to 
be open questions to minimize the limitations on the response.  

All the interviews have been carried out in a semi-structured way by the 
same interviewer except for one interview where the language barrier 
demanded that a German-English translator was used. To use a 
structured interview would enable a more systematic analysis of the 
information given and would also decreases the risk of bias in the 
interviewer-interviewed relation but would also be best for interviews 
where there is no need to alter the questions [29]. A semi-structured 
interview instead gives the freedom to slightly alter the questions with a 
small drawback to the data collection systematics [29]. The interviewer 
will during the interview take notes to be able to summarize the 
information given. 

The way in which the interview was conducted varied between face-to-
face, Skype, and telephone since some interviewees were located beyond 
a reasonable travel distance based on time and cost. Interviews over 
telephone made non-verbal communication more difficult to understand 
but on the positive side made the interviewer less inclined to interpret the 
non-verbal interviewed based on personal interpretations [29]. Since only 
one or two interviews per market segment has been conducted, there may 
be a deviation between what the data shows and the actual reality in the 
specific segment. 
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3.2 Ranking of market segment potential 
The market segments potential was ranked on a scale from 1 to 4 based 
on the scoring of four different questions that were answered after the 
interviews of each segment. The average score from these questions for 
respective segment is the ranking of the potential of that market segment. 
This is later plotted together with the TRL to visualize the results. A four-
grade scale was used to decrease the likelihood of a “easy” neutral middle 
answer that don’t provide useable information. Although there is no 
standard for the optimal number of categories in a scale, there is evidence 
that scales with midpoint might be optimal when the survey population 
is low in ability and/or motivation [30]. Since these questions are only 
answered by the author, the need for a midpoint is minimized. The reason 
for only four categories instead of a higher or lower number of categories 
is that research show that the general reliability decreases with less than 
four categories, four to seven categories gives approximately the same 
amount of reliability, and more than seven categories gives no increase in 
reliability [30]. The questions and scale can be seen below:  

1. How many fits between market segment pains and gains, and the 
UVP? 

1 2 3 4 
Few Some Many Most 

 

2. How often would the technology be used? 
1 2 3 4 
Never Rarely Often Always 

 

3. How much would the market segment be interested in buying? 
1 2 3 4 
Nothing Machines/products 

once 
Machines/products 
multiple times 

Machines/products 
multiple regularly 

 

4. How much interest did the interviewed show in the new 
technology?  

1 2 3 4 
Very little Little Much Very much 



Market analysis for a  Method 
simulated microgravity  
random positioning machine 
Jon God 2018-09-25 

18 

This customer evaluation model is called a one-dimensional customer 
valuation model that take soft non-monetary criteria into account. [31] 
The ranking only uses soft values to go towards answering if the market 
segment has potential benefits for success of the business in the future, 
and what resource potential it has. This is because the study doesn’t have 
access to financial data of the market segments. This limits the 
comprehension of the market segment but still gives a basic 
understanding of its importance. This is a valid complement of monetary 
factors to minimize the issue [31] This ranking is done to quantify the 
qualitative results from the interviews to be able to compare and use them 
together with the rankings from the TRL. One negative aspect of this 
method is that qualitative aspects is missed. A way to minimize that risk 
for the two selected market segments in the end is to do the SWOT-
analysis that focus more on quality and discussion. 

3.3 Validity 
The validity of a qualitative research is defined by how consistent the 
approach is between different researcher and projects, meaning that the 
way the research is conducted is relevant and accurate in the specific case. 
Some suggestions for increasing the validity of a research is according to 
Creswell: [28] 

• Triangulating – use different data sources to compare and find 
converging information. This can increase the validity of 
findings by having different sources stating the same thing. 

• Bias – point out and describe possible bias that the author 
might have for the study. By self-reflecting on the study the 
author becomes more aware of his or hers bias as well as 
creates an honest setting for the conclusions. 

• Discrepant information – present information and data that 
contradicts the general perspective. By doing this, the author 
increases the realism of the results as well as increasing the 
validity.  

During the study, only interviews were used to collect data on customer 
needs, UVP, and TRL, and in some cases only one interview. Although 
the gathered data was discussed with the supervisor, it still decreases the 
validity of the thesis since it hard to confirm that the data is accurate in a 
more general aspect when only one or a few sources were used.  
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Before the project started, discussions regarding the commercialising of 
the RPM pointed out a few market segments that the industrial partner 
though would be most interesting to look at. This made the author biased 
in that it got harder for him to look at other market segments that might 
have been as, or more, interesting for the study. This decreases the 
validity of the study since market segments that weren’t included in the 
study might have proven to be the best match for the product. 

When the data from the interviews were conducted, the full answers were 
transcribed. This means that both strengthening and contradicting views 
were represented in the study. This increases the validity of the thesis 
since it means that the realism increases, and the authors views affect the 
result in a smaller degree. 

In summary, the main contradicting point to validity in the study is the 
small number of data points, only one or two from each market segment. 
This means that it is hard to conclude that the presented result is accurate 
and relevant for the entire market segment. 

3.4 Reliability 
The reliability if a study defines how consistent it is, i.e. if the same results 
would be achieved by other researchers. This is increased by making sure 
that all the procedures are documented, maintaining the same definitions 
throughout the study, and checking data for errors and mistakes. [28] 

The methodology of the study is presented in this chapter so that other 
researchers can follow the same procedures, all the interviews are 
transcribed from notes taken during the interviews and checked 
afterwards for mistakes, and the theoretical definitions presented in 
chapter 2 are sustained throughout the project. All of this increases the 
reliability of the thesis and also the likelihood that other researcher would 
acquire the same results by following the same method. Factors that 
contradict the reliability is that the interviews weren’t recorded, which 
means that things said during the interview that the interviewer didn’t 
write down might have gotten lost from memory before it got transcribed. 
Another factor that speak against the reliability is that the ranking model 
includes a level of subjectivity that means that other persons might rank 
differently and therefore get another result than presented in this report. 
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There are both positive factors regarding the reliability of the study, 
which suggests that although another researcher probably would come 
to a similar conclusion as this thesis, it is likely that they wouldn’t get the 
exact same results. So, the reliability of the study is acceptable but not as 
high as would optimally be wished for. 

3.5 Ethical aspects 
Ethical aspects of the study need to be considered to protect the 
participants of the study and develop a trust with them, as well as guard 
against misconduct and impropriety that might reflect on their 
organizations or institutions. [28] 

To develop a trust with and protect the participants, the purpose of the 
study was explained to them and each one of them were given the 
possibility to be anonymous. Besides from that, the interviewed had the 
possibility to read through and give feedback on their statements before 
it was added to the research.  

To decrease the risk of publishing results that would reflect negatively on 
any of the participants of the study, data gathered was regularly shared 
and discussed with both the supervisor and the industrial partner. 
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4 Results 
4.1 Value proposition 
4.1.1 Food fermentation 

In the food fermentation segment Gottfried Dasen who is the co-founder 
of Swiss Culture Collection and David Schurtenberger at Braueri Luzern 
AG were interviewed. Mr. Dasen thought that it was an interesting 
machine and could see the use for it if it would be able to help with 
strengthening organisms before storage but did not think that it would be 
possible to sell for example yeast strings to breweries via his organization. 
Mr. Schurtenberger has been brewing beer from yeast grown in 
microgravity and was therefore relatively familiar with it. He said that 
the yeast from the RPM required two weeks for the fermentation while 
ordinary yeast only requires one. He was therefore sceptical about the 
possibility to sell yeast to breweries. His suggestion was to try to sell own 
beer with the special yeast and try to niche it as a local beer. The 
interviews resulted in the value proposition in table 2. 

Table 2. Value proposition for the food fermentation segment. 

Jobs • Store bio-material 
• Open storage 
• Service function 
• Beer production 

Pains • Shipping of materials 
• No stock at supplier 
• Storage 
• Maintain same flavour over batches 

Pain reliever • Possible make storage easier 

Gains • - 

Gain creators • Controlled environment 
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4.1.2 Fat crystallization 

In the fat crystallization segment Frederic Depypere who is the Global 
R&D Program Head at Barry Callebaut Belgium N.V. and Philipp 
Schenkel who is a R&D coordinator at Emmi Group were interviewed. 
Mr. Depypere found the machine interesting but thought that it would 
require a lot of research in how the fat crystalizes before it could be 
applicable on the market. Nevertheless, he would like to keep in touch 
and if an effect from microgravity can be proven he would be interested 
in considering it more. Emmi Group works with flavour mixes for a 
variety of different companies with products such as energy drinks and 
dairies. Mr. Schenkel could not see any usage for the technology in his 
company since they only produced a very small number of products that 
included fat crystallization. The interviews resulted in the value 
proposition in table 3. 

Table 3. Value proposition for the fat crystallization segment. 

Jobs • Produce semi-finished products for 
companies. 

Pains • Figure out customer needs 
• Prioritize resources 
• Stickiness of mixture 

Pain relievers • - 

Gains • - 

Gain creators • Could make it easier to reach specific stable 
fat form 

4.1.3 Medical research 

In the medical research segment Sascha Kopp at the Department of 
Biomedicine with Aarhus University in Denmark were interviewed. They 
work with growing tissue and have used different types of microgravity 
simulating technologies before. Mr. Kopp said that they preferred the 
RPM since it produced the best tissue despite it subjecting the object for 
more shear stress. Their problem was that the RPM only could produce 
small amounts and they would like to be able to produce more. The 
interview with Mr. Kopp resulted in the value proposition in table 4. 
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Table 4. Value proposition for the medical research segment. 

Jobs • Produce tissue without a scaffold in RPM. 

Pains • Restriction on amount that can be produced. 
• Forced to stop the machine to change growth 

media. 

Pain relievers • Scalability 

Gains • Better tissues than other microgravity 
simulators 

Gain creators • Controlled environment 
• Modularity 

4.1.4 Watch industry 

From the Watch industry Dominique Lauper at Precision Engineering AG 
were interviewed. Precision Engineering produce small parts for watches. 
They carried out microgravity tests with a parabolic flight to see how their 
springs would behave in microgravity. The results from those tests very 
positive bur Mr. Lauper said that they at the most would be interested in 
doing microgravity tests once every third years. There were no other 
areas where there could be usage of an RPM. That interview resulted in 
the value proposition in table 5. 

Table 5. Value proposition for the watch industry. 

Jobs • Producing small parts for watches 

Pains • Small size of components 

Pain relievers • - 

Gains • - 

Gain creators • - 
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4.2 Unique Value Proposition 
Prof. Dr. Marcel Egli and his team has developed some new features to 
the RPM that improves the usability. From the interview with Prof. Dr. 
Marcel Egli, that can be seen in appendix B, the features are controlled 
environment, partial gravity, automatic operations, modularity, and 
scalability, and are described in table 6. 

Table 6. The UVP of the developed RPM. 

Aspect Description 

Controlled 
environment 

can guarantee stable temperature, gas 
composition, lighting, and pressure, without 
the usage of an external incubator. 

Partial gravity The software can simulate partial gravity from 
~0 to 1 g. 

Automatic operation The software can run automatic operations 
where you can set the parameters such as 
gravity value and time schedule, and it can be 
remotely controlled.  

Modularity Modules can easily be attached to suit the 
specific needs. 

Scalability Can put several RPM’s next to each other that 
runs parallel. 

The TRL of the UVP stated above. The TRL in table 7 were developed in 
discussion with Prof. Dr. Marcel Egli and his team based on the 
definitions given in the methodology chapter. The modularity was given 
low scores since there as many different modules that should be able to 
be fitted onto the RPM and there hasn’t been that much testing in that 
area yet. 

Table 7. The TRL of the UVP's. 

Aspect TRL Comment 

Controlled 
environment 

8  
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Partial gravity 7  

Automatic operation 8 This rating is for the basic operation of 
the RPM. If other technologies are 
implemented a new, probably lower, 
rating is needed. 

Scalability 8  

Modularity 3  

4.3 Market segment scoring 
The scoring in table 8 of the different questions where given based on the 
interviews. 

Table 8. Scoring of the market segments. 

Market \ question 1 2 3 4 Score 

Swiss Culture Collection 2 2 3 4 
 

Braueri Luzern AG 2 1 1 2 
 

Food fermentation 2 1,5 2 3 2,125 

Barry Callebaut Belgium 
N.V. 3 4 3 3 

 

Emmi Group 1 2 1 1 
 

Crystallization 2 3 2 2 2,25 

Aarhus Uni 4 4 3 4 
 

Medical research 4 4 3 4 3,75 

Precision Engineering 
AG 1 1 1 1 

 

Watch industry 1 1 1 1 1 
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4.4 Market segment ranking 
Below in figure 7 the visualization of the TRL and the market segment 
ranking can be seen. 

 
Figure 7. Visualization of the market segment ranking. 

From this the two market segments food fermentation and fat 
crystallization were chosen. The reason medical research was not chosen 
were because there was already some research with microgravity on 
different platforms underway in that segment, which means that there 
probably are harder competition and lower chance for high revenue. 

4.5 SWOT-analysis 
The SWOT-matrix for the food fermentation segment are shown in figure 
8 and for the fat crystallization in figure 9. 
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Strengths 

• The university’s resources 
such as smart-up 

• Experience in research 
• RPM 
• Inside contacts 
• Well known scientist 

 

Weaknesses 

• Little experience in start-
up 

• No proven research 
• Yeast for beer extended 

fermentation process 

Opportunities 

• Willing research partner 
• International market 
• A lot of R&D in food 

industry 

 

Threats 

• Market equivalizing it to 
GMO 

• Old market with 
traditional processes 

Figure 8. SWOT-analysis of the food fermentation segment. 

Strengths 

• The university’s resources 
such as smart-up 

• Experience in research 
• RPM 
• Well known scientist 

 

Weaknesses 

• Little experience in start-
up 

• No proven research 
• No production experience 

Opportunities 

• International market 
• Improving low-fat 

products 

 

Threats 

• Old market with 
“optimized” processes 

• Long research needed to 
prove positive effects. 
•  

Figure 9. SWOT-analysis of the fat crystallization segment. 
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5 Analysis 
5.1 Summary of the results 

The TRL for the different UVP of the RPM were generally ranked high 
except for the modularity and the market segment ranking shows that the 
medical research segment has the most potential followed by food 
fermentation and fat crystallization. The watch industry showed a 
minimal amount of potential. The food fermentation segment and the fat 
crystallization segment were chosen to be the most interesting since the 
chance for revenue were higher there than in the medical research 
segment.  

5.2 SWOT-analysis 
Most of the strengths and weaknesses are the same for the two chosen 
segments since they are mostly internal. The fact that a start-up can get 
help and support from the Lucern University of Applied Sciences and 
Arts strengthens the outlook significantly. There is little to no internal 
experience from Start-ups internally, but a lot of knowledge can be 
gathered from e.g. the Smart-up support that is offered. The experience 
and reputation within the organization from earlier research will both 
help in the continuous research and make the company more trust-
worthy.  

Looking more specifically at the food fermentation segment. The fact that 
no positive effects on the fermentation process, only a negative so far, has 
been proven, will make it harder to get in a foothold into the market. But 
there is also an opportunity there since the Swiss Culture Collection has 
shown interest in a cooperation to see if the RPM can make it easier to 
store organisms. If any positive effects can be proven, there is a large 
international market for food fermentation. A threat in this segment is 
that manipulation with food can be received badly by the end-consumer 
if the microgravity process for example get compared to GMO. Beside 
from that it is a very old industry that have traditional and proven 
processes that can be hard to change. 
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In the fat crystallization segment in the strengths and weaknesses there 
are the common ones mentioned above. One additional weakness here is 
that if positive effects are proven then there needs to be a production line 
set up and the limitations in the amount of product per machine can 
become an issue even though it is possible to scale with several machines 
since that takes a lot of space. An opportunity in this segment is the 
possibility that if a microgravity is proven to have effects on the density 
of the product then that can make the production of low-fat products 
much easier. Although, the threat here is that there is probably a long 
research time needed before anything can be proven since there are many 
kinds of fat. 

The SWOT-analysis shows that the biggest weakness is the inexperience 
with start-ups but that is countered by the possibility for support by the 
university. For the food fermentation, there is an opportunity for a 
partnership where Swiss Culture Collection has shown interest in 
cooperation but there is also the threat of end customers equating 
organisms produced in microgravity with GMO, and by that having a 
negative impact. For fat crystallization, there is an opportunity with 
improving the process for producing low-fat products if research shows 
that microgravity can affect the density of the product. On the other hand, 
there is a lot of research that needs to be done to get the results. 
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6 Conclusions 
The questions that the study aimed to answer were. 

1. Determine which two market segments from the original four 
that has the highest combined scores on the Technology 
Readiness Level (TRL), and the match between the customer 
needs and the Unique Value Proposition (UVP) of the RPM. 

2. Do SWOT-analyses on the two market segments. 

The two market segments were determined to be food fermentation 
segment and the fat crystallization segment based on the ranking 
visualized in figure 7. The food fermentation segment got a score of 3,75 
in the matching between the UVP and the market segments pains and 
gains, and a score of 7,5 in the TRL. The fat crystallization segment got a 
score of 4 in the matching between the UVP and the market segments 
pains and gains, and a score of 7,75 in the TRL. SWOT-analyses were done 
on these two segments to present the internal strengths and weaknesses 
with the start-up, and the external opportunities and threats with each 
market segment. 

The thesis has only studied the four original market segments, which 
means that there is a possibility to analyse other markets to find more 
potential customers. 

Since the validity of the study is low there is no guarantee that the result 
presented is accurate for the general market segments and it is therefore 
inadvisable to base a business plan on the results from the thesis. The 
main improvements that could have been done to the study lies in this 
factor. More interviews should have been conducted as well as other 
sources of data should have been analysed to be able to find more general 
results that overlapped.  

6.1 Recommendations 
The recommendations given to the company is that it should use the help 
given by the university in form of coaching and support to start a 
company. There could also be some gain in hiring a student from the 
school that have the theoretical knowledge of the BMC and can further 
develop it. 
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Apart from this there should be a commencement of research cooperation 
with the Swiss Culture Collection to find out if there is a possibility for 
commercialization of the RPM in that field and by that hopefully start 
making revenue. Thereafter, testing on fat crystallization to see if 
microgravity affects the process and in what way. The global company 
Nestlé are currently doing research with microgravity and it could be an 
idea to try to contact them for possible cooperation’s. 

6.2 Future research 
To get a better understanding of what the customer needs and wants, 
more interviews should be performed and with a broader range of 
companies in both market segments. The business model should also be 
developed to help with getting investors and partners by including a 
financial analysis of the market segments as well as an estimation of 
possible sales. Furthermore, a more complete use of the BMC could 
benefit the understanding of the market’s emotional drives. 
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Appendix A: Interview questions 
Think and feel: 

1. What is the most important thing about your work according 
to you? 

2. What is it that you are trying to do in your work? 

See: 

1. What types of offers from the market are you exposed to? 

2. What problems do you encounter in your work? 

Hear: 

1. What do your friends say about your work? 

2. What do the media say about this market? 

Say and Do: 

1. How would you describe what you do? 

Pain: 

1. What are you frustrated about in your work? 

2. What are the obstacles in your work? 

Gain: 

1. What do you need to do your work? 

2. How do you measure success? 

3. Who is your customer? 
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4. What does the customers want? 

Other: 

1. Who decides on what to buy for your work? 
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Appendix B: Interview summary 
Summary of interview with Prof. Dr. Marcel Egli regarding the new 
features of the developed RPM. Q is the interviewer and A is the 
interviewed. Q is the interviewer and A is the interviewed. 

Q: What are the new features that you have developed? 

A: First, we have implemented a controlled environment that can 
guarantee stable temperature, gas composition, lighting, and pressure, 
without the usage of an external incubator. Second, our software can 
simulate partial gravity. Third, the software can also run automatic 
operations where you can set the parameters, even have specific 
parameters during specific times, and it then runs automatically and can 
be remotely controlled. Fourth, we have made the RPM modular so that 
it can easily modified to suit the needs. Fifth, this modularity also makes 
it scalable, meaning that we can put several RPM’s next to each other that 
runs simultaneously. 

Q: Which possible market segments do you think that there could be 
interest in using your features of the RPM? 

A: To begin with we have tested mixing yoghurt with the RPM and saw 
that the quality of the yoghurt changed. So, if one uses the RPM for 
mixing during fat crystallization it might give some advantages. Second, 
we have used the RPM to grow yeast. The idea is that since the 
environment is changed the organism is stressed and responds to the 
situation and this may change some qualities of the product. So, 
considering food fermentation could be interesting. Then we have the 
medical research where the RPM have been used before in research on 
muscular and bone structure in elderly, as well as research on tissue 
growing under microgravity. Besides from that it could be interesting to 
use the RPM for different mechanical products to see how they react 
under microgravity. It can for example be testing the accuracy of 
accelerometers. 
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Appendix C: Keyword count 
The number of times specific keywords where used in the open articles 
on microgravity at Nature Research cam be seen in table 9. 
Table 9. The number of times specific keywords were used in the open articles. [9] 

Keyword # of articles 

Physiology 14 

Medical research 10 

Microbiology 7 

Neuroscience 5 

Biological techniques 4 

Fluid dynamics 4 

Mechanical engineering 4 

Molecular biology 4 

Biotechnology 3 

Cell biology 3 

Development biology 3 

Experimental models of disease 3 

Aerospace engineering 2 

Engineering 2 

Material science 2 

Molecular medicine 2 

Physics 2 

Plant sciences 2 

Soft materials 2 

Stem cells 2 

Translational research 2 
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Anatomy 1 

Biochemistry 1 

Biomarkers 1 

Biomedical engineering 1 

Biophysics 1 

Biosensors 1 

Brain imaging 1 

Computational biology 1 

Compensated-matter physics 1 

Disease prevention 1 

DNA 1 

Ecology 1 

Education Industry 1 

Electronic devices 1 

Environmental chemistry 1 

Environmental monitoring 1 

Environmental sciences 1 

Evolution 1 

Genetics 1 

Immunology 1 

Infection 1 

Microbial ecology 1 

Neurogenerative diseases 1 

Pathogenesis 1 

Post-translational modifications 1 

Preventive medicine 1 
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Quality of life 1 

RNA 1 

Scientific community 1 

Sensors and biosensors 1 

Statistical physics 1 

Stem-cell research 1 

Structural materials 1 

Techniques and instruments 1 
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Appendix D: Market segment 
interview summaries 
Summary of the interviews with representatives from the market 
segments. Q is the interviewer and A is the interviewed. 

Sascha Kopp, Aarhus Uni, Department of Biomedicine 

Q: What is the most important thing about your work according to you? 

A: Using the RPM to produce tissues that is scaffold-free. They are 
basically creating themselves. It is possible to use a base from a patient 
along with a growth media to grow tissue on a RPM. This is an 
improvement compared to ordinary tissue growing. 

Q: What types of offers from the market are you exposed to? 

A: Mostly 2D-clinostats, other bio-reactors, and different versions of the 
RPM. They are using as many as possible to find the differences in the 
machines. They are preferring the RPM since although the RPM create 
more shear stress it produce better tissues. 

Q: What problems do you encounter in your work? 

A: We must produce a lot of material on the RPM but there is a restriction 
on the amount that can be produces. We want to be able to produce more 
samples. Besides from that we are forces to stop the machine to change 
the growth media from time to time. 

Q: What do your friends say about your work? 

A: Most of my friends and family don’t really understand it but think it 
is cool. Those who understands it are doing the same kind of research. 

Q: What do the media say about your work? 

A: There are rarely media coverage, only when there are special events 
and then they focus on the specifics of the event. 

Q: What are you frustrated about in your work? 
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A: It is frustrating that the research isn’t as far ahead as I thought it should 
be. We can only use cells that produce one type of tissue. This means that 
we can’t create more complicated kinds of tissues with different kinds of 
cells. We aren’t enough people working in this field. So, the problem is 
not with the technology, only with manpower. 

Q: Who is your customer? 

A: We work for the university, so I guess it’s the university that is our 
customer as well. 

 

Gottfried Dasen, founder of Swiss Culture Collection (SCC) 

Q: What is the most important thing about your work according to you? 

A: To provide customers with high quality material, which is pure 
cultures and information on how to grow them. 

Q: What is it that you are trying to do in your work? 

A: We are divided into three major functions. We store bio-material for 
companies, we also have an open storage that everyone can deposit in 
and withdraw from, and we have a service function where we help with 
our knowledge of storing, identification etc. 

Q: What kind of offers from the market are you exposed to? 

A: Storage equipment and analysis devices, as well as systems to incubate 
materials. 

Q: What problems do you encounter in your work? 

A: There is a regular problem with the shipping of materials, that they 
don’t survive the transportation. Another problem is that a lot of 
supplier’s font have a stock, so they produce when ordered. Besides from 
that there is sometimes a problem when storing microorganism, some 
require very specific treatments to be able to store and that takes a lot of 
time. 

Q: What do your friends say about your work? 

A: They think that it is quite interesting, even though they don’t really 
understand it all. 
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Q: What does the media say about your work? 

A: Nothing special, neither bad nor good.  

Q: How do you measure success? 

A: Money is the key indicator but also how many new customers we get. 

Q: Who is your customer? 

A: The two major groups are small to medium size enterprises that looks 
for storage service and researcher that look for reference materials. 

Q: If we would want to introduce the RPM on the market to fermentation 
of food ingredients, what would be needed in terms of research and tests? 

A: The end customer, e.g. beer breweries, would want as much data as 
possible and if you choose to go through us there is a prepared datasheet 
that the SCC help you fill in. Concerning our demands if you want to 
deposit for example a yeast string we must be able to handle it and 
preserve it, this means that it must be safe. We must also be able to ship it 
world-wide. 

Mentioned outside of the interview: 

We would be willing to consider the possibility that the RPM might be 
able to help us with certain samples that are hard to store. This would 
mean that we will in cooperation with you run some test regarding this 
and if it makes it easier, we might be willing to buy a machine. 

 

David Schurtenberger, Braueri Luzern AG 

It is the brewery that made the previous batches of „Space beer”. 

Q: What is the most important thing about your work according to you? 

A: To do a good job and always make sure that the flavour of the beer is 
the same between batches. 

Q: What types of offers from the market are you exposed to? 

A: Not that much but sometimes for a more automatic tapping machine. 
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Q: How do you get hold of the yeast that you are using in your beers? 

A: We buy it from bigger breweries and can use it for 5-6 batches before 
we must buy new yeast. 

Q: What problems do you encounter in your work? 

A: To get the same flavour over the year due to changes in the flavour of 
the ingredients. To work against this, they get the theoretical flavour of 
the ingredients when it is delivered but they also do their own testing.  

Q: How do you measure success? 

A: Money, margins, and customer satisfaction. 

Q: Who is your customer? 

A: Restaurants, bars, and private customers. 

Q: What does the customers wants? 

A: A local beer. The emotional connection to the beer is almost more 
important than the flavour. In blind tests, it is almost impossible to 
identify a distinct beer. 

Q: How did the yeast that was produced in the RPM work? 

A: It produced a good result with a normal flavour. The only special thing 
was that it took the double amount of time to brew compared to normal 
yeast. Two weeks compared to one week. 

Q: What do you think would be needed to market a “Space beer”? 

A: Marketing is the most important factor. You would need to push out 
another beer from the market. This can be seen as negative since the 
process is longer, especially considering the preparation in the RPM, and 
most often time is money within a company. 

 

Dominique Lauper, Precision Engineering AG 

Q: What are you doing in your company? 

A: We are producing small parts for watches. 
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Q: What is the most important thing about your work according to you? 

A: Since we are a supplier we need to deliver good products to have a 
high customer satisfaction. 

Q: What problems do you encounter in your work? 

A: Size of components is an issue since it goes down to micrometre-sized 
products. This makes it difficult to measure and ensure good quality. 

Q: How do you measure success? 

A: Turnover and customer satisfaction. 

Q: Who is you customers? 

A: Watch companies. 

Q: Why did you perform a microgravity test? 

A: We got the opportunity to participate once with the airplane and we 
took it. There is two parts in the watch that is affected by gravity, the 
balance wheel, and a small spring. To get a better understanding of how 
it works we tested them in microgravity. 

Q: Is the 20 seconds of microgravity that you get in an airplane enough? 

A: Yes, since we are testing the mechanics it is enough. 

Q: How often would you say these tests needs to be done? 

A: Maybe once every 2-3 years. 

 

Frederic Depypere, Global R&D Program Head, Barry Callebaut 
Belgium N.V.  

Q: What is that your company does? 

A: We are mainly a B2B-supplier that produces chocolate and cocoa 
products. We then deliver those to our customers, such as Mars and 
Nestlé, who carry out the final crystallization process in the making if 
their products. 

Q: What is the most important thing about your work according to you? 
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A: To make sure that all projects matches a need on the market. Even 
though a product is amazing it won’t sell unless there is a need for it. 

Q: What kind of problems do you encounter in your work? 

A: The overall problems or challenges that we face is to really figure out 
what our customers’ needs and prioritize our time and money to the most 
relevant projects.  

Q: What kind of problems do you encounter in the mixing process of the 
chocolate? 

A: Since the processes basically hasn’t changed for hundreds of years I 
would say that the process is optimized and problem free. If we look at 
sugar-free chocolates, there can be some problems to predict the outcome, 
but we have worked with that for so long now that it rarely occurs any 
problems. The crystallization of the cocoa fat is the most important aspect 
of the quality of the product. 

*The interviewer shortly describes the basics of the RPM* 

A: It is an interesting idea. I can see any obvious direct application since 
it still is at a high level of research but if more research is done and you 
know how microgravity affects the fat crystallization then it can be 
interesting to talk again. You should begin looking at simple fats with 
only one stabile form and then work your way up the cocoa fat since it is 
difficult to work with. If the microgravity for example makes is easier to 
reach to the wanted stable form or if you can reach the sixth stable form 
of the cocoa fat without it having such a high melting temperature it could 
be applicable for the industry. It can also be interesting to find out what 
effect gravity has on the crystallization process. 

 

Philipp Schenkel, R&D coordinator, Emmi group. 

Q: What is it that you company does? 

A: We produce flavoured mixing blends. It can vary between two to ten 
ingredients. 

Q: Who is your customer? 
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A: Different companies that needs a semi-finished mixture to flavour 
their products. That can be producers of dairy, energy drink etc. So, we 
don’t make any products for end-consumers. 

Q: What kind of problems do you encounter in your work? 

A: One problem is the stickiness of the mixtures which depends a lot on 
the humidity and the different ingredients in the mixture. If it is to sticky 
it can get stuck to the walls of the container. During the R&D of new 
products there can be some problems with getting a homogenous mixing 
but that is never a problem during production. 

When we install a new mixing machine it can be some problems in the 
beginning to guarantee continuous quality of the products. 
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