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ABSTRACT 

Johnson Pacific Pte Ltd (JPPL) in Singapore is a contracting and engineering 
company, working within the water, wastewater and air-handling industries. 
JPPL has the objective to investigate the possibility of commercialising a water 
purification innovation for the market in Singapore. The innovation is a bubble 
generating technology entitled SMB. 

Our intention with this thesis is therefore to examine the preparation for 
commercialisation of industrial innovations. 

Both in the industry and in the academic perspective there is a common need 
for support of the commercialisation process of innovations, and especially 
concerning the preparation phase. A preparation model for commercialisation 
has consequently been designed. The propeller of commercialisation 
incorporates a perspective of parallel preparation concerning the three critical 
aspects technology characteristics, environment scanning and preparation of 

the venture. This integrated approach reduces early capital need for investing in 
costly performance tests before evaluating critical aspects within all three main 
perspectives of interest for commercialisation and can thus reduce the total cost 
of the process by reducing number of tests necessary. Generally the model can 
thus contribute with a structured way of evaluation and preparation and reduce 
the financial risks by limiting the budget needed in the early phase of 
commercialisation through the use of subsequent steps incorporating all three 
critical perspectives. 

To demonstrate the model and to provide a basis for evaluation of its 
appropriateness in empirical studies, The Propeller of Commercialisation was 
applied on the specific commercialisation preparation of the SMB technology 
at Johnson Pacific Pte Ltd in Singapore.  
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1 INTRODUCTION 
 

This chapter provides the reader with an understanding of why this 

thesis has been written. The background is initially introduced and 

subsequently the purpose and the objectives of the thesis. Finally a 

structure description and a presentation of the elements in focus are 

given. 

 

1.1 Background 

In the first half of the 20th century, 90% of the economical growth in the U.S. was a 
direct contribution of technological progress (Ohkawa & Otsuka 1994). This figure has 
for certain increased since then, as the global society’s dependency upon innovations 
continuously is getting stronger. The industrial innovation has a fundamental function 
in the economical development in U.S. and Europe, but possibly even more in newly 
industrialised countries. Asia is currently one of the most dynamic and fast growing 
regions globally. There are certain countries in this region that are demonstrating an 
extraordinary economical growth and which have recently reached a standard of living 
comparable to the Western Europe. Singapore is one of these strong economies. 

Singapore is geographically situated as an independent island at the extreme of the 
Malaysian peninsula. The total land area of 682 square kilometres is extremely small 
in relation to the population. The population density per square kilometre is therefore 
exceeding 6000. The location of Singapore nearby the equator results in a climate 
characteristic with a rather constant temperature of 26-31˚C and a high humidity. The 
island is populated by mainly Chinese, Malays and Indians (Singapore Infomap 
webpage, Singapore Government webpage, CIA webpage). 

The culture is westernised, as the now independent republic once was a crown colony 
under British rule. The standard of living is on the level of the industrialised countries 
in Western Europe, and compared to the neighbouring countries Singapore has a very 
high per capita GDP. English is the language of administration, and Chinese 
(Mandarin), Malay and Tamil are also equally official languages. The Head of State, 
i.e. the president, the Cabinet led by the prime minister and the Parliament are the 
three governmental fundaments. Every five years, general elections are held where the 
24 different political parties are represented. The Supreme Court and the Subordinate 
courts are the elements of the judiciary (Singapore Infomap webpage, Singapore 
Government webpage, CIA webpage). 
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1.1.1 Water supply 

The Public Utilities Board (PUB) is the governmental authority that is responsible for 
providing the Singaporeans with potable water. 

Singapore has no own natural water resources and is therefore importing raw water 
from Malaysia. An agreement from 1962, which states the price of water provided, as 
well as when and how any price revisions are to be decided, has been the cause of a 
long going dispute between Singapore and Malaysia. The dispute is also affected by 
several other topics, such as the disagreement regarding the island Pedra Branca, the 
railway and train station situated on Singapore land that belongs to Malaysia and the 
construction and utilisation of bridges between Malaysia and Singapore. All these 
disputes have severely affected the overall relation between the two countries and 
Singapore has now drawn the conclusion that they probably will have to be self 
supporting of water as the old agreement runs out by the end of 2061. The disputes 
have gone off the track to the extent that even going to war against each other has been 
up to discussion (Singapore Government webpage - Singapore and Malaysia issues 
and Singapore Government webpage - NEWater). 

The PUB has since 1998 been testing the renewal of sewage water and has finally 
managed to achieve potable water quality. Currently the PUB has working water 
treatment plants that produce so called NEWater, which initially is based on raw 
sewage water. The treatment of water involves micro filtration, reverse osmosis and 
ultraviolet disinfection, which are highly competitive and advanced technologies. The 
PUB is planning as a complement to the NEWater technology also to use seawater in 
the future for potable water production as the desalination technology becomes 
cheaper. The consummation of water is on an average of more than one million cubic 
meters per day and is expected to increase with one-third within a period of ten years 
(Singapore Government webpage - Singapore and Malaysia issues and Singapore 
Government webpage - NEWater). 

Johnson Pacific Pte Ltd (JPPL) in Singapore, working within the water, wastewater 
and air-handling industries has the intention to investigate the potential of 
commercialising a water purification innovation for the market in Singapore. The 
innovation is a bubble generating technology entitled SMB. 
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We have found a common need in the industry for support of the commercialisation 
process of innovations. There are theories treating commercialisation of innovations to 
be found, but none in particular concerning the preparation phase. Consequently there 
is a need for a preparation model for commercialisation, in the industry as well as in 
the academic perspective. JPPL also has the specific need in evaluating and preparing 
the SMB technology for commercialisation. 

1.2 Purpose 

The purpose of this thesis is to study preparation for the commercialisation process, 
design a preparation model for commercialisation of industrial innovations, and to 
prepare the commercialisation of the SMB technology for the market in Singapore. 

1.3 Objective 

The purpose is here subsequently brought down into three different objectives: 

 To design a preparation model for commercialisation of industrial innovations 

 To evaluate the technological, commercial and investment aspects of the SMB-
product for the market in Singapore 

 Generate recommendations for commercialisation of the SMB-product 
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1.4 Structure of the thesis 

Here the structure of the thesis is presented in order to give the reader an initial 
overview of the report, including main chapters and their content. 

 Introduction 

Provides the reader with an understanding of why this thesis has been written. The 
background is initially introduced and subsequently the purpose and the objectives of 
the thesis. Finally a structure description and a presentation of the elements in focus 
are given. 

 Frame of reference 

Introduces the frame of reference, which is a compilation of a literature review. This 
review is necessary in designing a preparation model for commercialisation of 
industrial innovations in accordance to the objectives. The review is treating new 
product development literature and core theories in accordance to the problem 
background and the purpose of the thesis. 

 Model for preparation of commercialisation 

With the theories presented in the frame of reference as base, a model for preparation 
of commercialisation entitled “The Propeller of Commercialisation” is here 
introduced. The model has the objective to facilitate execution of such preparations in 
specific industrial cases. 

 Specification of the task 

A problem discussion, including an identification of all necessary aspects for making a 
strategic decision of whether to commercialise the SMB-technology or not, and 
subsequently how to proceed a possible commercialisation process, is here presented. 
In the specified research questions chapter the propeller of commercialisation is used 
as a framework to track issues connected to the problem discussion. In accordance to 
this breakdown the specified research questions that the thesis should give answers to, 
in order to achieve our overall purpose, are presented. 

 Methodology 

This chapter gives an explanation of our specific methodological approach, purpose of 
investigation, approach of investigation and the method used. The methodology is of 
great importance in order to provide the reader with information sufficient to judge the 
results in terms of validity and reliability. 
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 Empirical study and analysis 

In this chapter the collected empirical data will be presented and analysed by 
following the Propeller of Commercialisation and with the specified research questions 
in mind. This shows how the Propeller of Commercialisation can be applied to prepare 
commercialisation of industrial innovations, and provides a base to determine the 
appropriateness of the model. 

 Analysis 

The use of the Propeller of Commercialisation in the commercialisation preparation of 
the SMB technology is here analysed to provide an evaluation of the model.  

 Conclusions 

Establishing our conclusions, which have been generated from our evaluated data in 
previous chapter will clarify the results from this thesis. 

 Recommendations 

The conclusions that have been generated from applying the propeller of 
commercialisation onto the commercialisation of the SMB technology will here be 
presented to clarify the results. This, together with recommendations presented 
regarding the use of the model and the future of the SMB technology, will conclude 
this thesis. 
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1.5 Elements in focus 

In order to clarify the most essential elements for this thesis, the employer JPPL and 
the innovation SMB are introduced. This introduction is presented to make the readers 
familiar with these elements early in the thesis. 

1.5.1 The enterprise 

Johnson Pacific Pte Ltd (JPPL) is a subsidiary to the Johnson Industries, established in 
1989. JPPL is an engineering, construction and maintenance company with its core 
competence within the water, wastewater and air handling industries. JPPL is 
specialised in sewer rehabilitation, odour treatment, construction and maintenance of 
water and wastewater treatment plants as well as pumping stations and pipelines. The 
company is further ISO 9002 certified. 

The mission statement of JPPL is: 

The pursuit of business opportunities in construction and maintenance in Southeast 

Asia of Water, Waste Water and Air Handling resources. 

General manager 

The managing director, Rickard Högberg, is positioned on the chief management post 
in JPPL. He has the full responsibility towards the owners and the board of the 
company, and is free to choose within any existing portfolio of investment 
opportunities. He has further a profound knowledge of the core business of the 
company. According to himself, he is an entrepreneur rather than an administrator. He 
has excellent contact with potential investors, and is himself investment partner within 
the investment groups MVI. He is educated in Sweden and has lived and worked in 
Singapore for about two decades, which has resulted in an extraordinary familiarity 
with the European and Asian business culture. 

Project organisation 

A great part of JPPL’s income is directly associated to the company’s technical 
projects, which are to be found within the scope of its core business. Five project 
managers are responsible for the management of the specific projects and are reporting 
directly to the general manager. Within the project organisation an extensive technical 
competence is represented which generates the company’s revenue. 
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Supporting functions 

The main office in Singapore provides the organisation with supporting functions as 
accountant, human resource, sales and acquisition departments. These are all working 
under the management of the general manager. A centralised warehouse is also found 
at the head quarter. 

1.5.2 SMB - The innovation 

The Super Micro Bubble (SMB) technology is a new invention that produces gas 
bubbles in liquid. The claims from the inventor are that the technology is capable to 
produce infinitesimal bubbles, having an average diameter of 0.05 – 0.1 µm. This in 
comparison to the bubbles produced in normal bubble generators, with bubble 
diameter ranging from 20 to 50 µm. These SMB technology bubbles can be used either 
to transfer different gases into liquid to be treated or by letting the fine bubbles act as a 
filter, performing floatation and thus separating particles from the liquid. The small 
size of the bubbles provides various advantages in some applications because it can 
increase the efficiency and quality of the process. The bubbles can also be used as pre-
treatment for other treatment processes. 

Applying the bubbles into different kinds of liquid can have applications within e.g. 
water treatment of sewage waste water, seawater desalination pre-treatment, 
surface/brackish water treatment, industrial wastewater treatment, fermentation 
industry and aqua-farming. 
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2 FRAME OF REFERENCE 
This chapter introduces the frame of reference, which is a compilation 

of a literature review. This review is necessary in designing a 

preparation model for commercialisation of industrial innovations in 

accordance to the objectives. The review is treating new product 

development literature and core theories in accordance to the 

problem background and the purpose of the thesis. 
 

2.1 Innovation 

The field of innovation is broad and have close connections to other theories within 
e.g. product development, entrepreneurship and marketing. Change, innovation, 
invention and new product development (NPD) are all terms that are interesting in this 
context. These terms will therefore first be discussed and defined, as they will all be 
found throughout the thesis. 

Innovation deals in our perspective with technological change. This change according 
to Tidd (1997) can be classified in two different dimensions. The first dimension 
concerns what is changed. Change can take two forms – “in the things 
(products/services) which an organisation offers and change in the ways in which they 
are created and delivered.“ The other dimension deals with perceived extent of change. 
“There are degrees of novelty in these, running from minor, incremental improvements 
right through radical changes which transform the way we think about and use them.” 
(Tidd, 1997). 

The terms innovation and invention are often incorrectly used interchangeably and 
without distinction. The concept innovation has probably a greater range of utilisation 
compared to the term invention, and is often used in the context of a total process 
rather than a single action. The innovation is further implicitly inter connected with the 
idea that the process is new in the eyes of the individuals that make the 
observation.(Rogers and Shoemaker, from Sundström, 2002; Trott ,1998) 

According to Trott (1998) and Martin (1994), an invention is regarded to include the 
commercial and practical application aspects of ideas or inventions. The term 
innovation basically refers to a wider concept such as: 

Innovation = theoretical conception + technical invention + commercial exploitation 
(Trott, 1998) 
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Explicit literature about commercialisation of industrial innovations exists to a limited 
extent. A closely related area is new product development. 

The phases of new product development refers to the “implementation of new ideas 
into products ready for manufacturing and distribution”. The phases of the innovation 

process has a wider focus as strongly emphasises the initial generation of new ideas. 
(Sundström, 2002) 

Other theories found to have impact on commercialisation are theories about 
entrepreneurship and general market theories, and also these will be examined closer 
in the frame of reference. 
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2.2 New product development 

2.2.1 Phases in the NPD process 

Strategy 

Empirical studies have confirmed that NPD projects often do not coincide with the 
enterprises’ overall business strategy. It has also been proved that enterprises having a 
NPD strategy coinciding with the overall business strategy are more successful than 
the ones not having an explicit NPD/overall business strategy (University of Southern 
Denmark, 2001; Baker and Hart, 1999; Trott, 1998). 

Idea generation 

Identifying the initial source of a new product development idea normally gives us an 
image of its general characteristics, as the future product often may be classified as a 
technology-push or a demand-pull product. By definition has the technology-push 
product its origin in the organisation and the R&D department and the demand-pull 
product is developed due to external demand from the market (ibid). 

Screening 

This is the first moment as the development team critically evaluates the product in the 
perspectives of certain criteria regarding e.g. market aspects, the existing/future 
organisation’s competence and the consistence to a possible already existing 
company’s overall strategy. However notice that we still are on an abstract level where 
no product or concept has been developed and thus the evaluation criteria are more 
generally expressed. For further details regarding the screening process see parts of the 
chapter “Selection approaches” (ibid). 

Concept development and testing 

The concept development phase implies the transformation of the abstract 
development idea to a more well defined concept. The concept will also possibly be 
evaluated in the perspective of an existing overall business strategy (ibid). 

Business analysis 

Up to this phase the resources spent on the development project have been limited and 
a profound business analysis is now to be performed which will give an answer to 
launch the project or not. For further details regarding the screening process see parts 
of the chapter “Selection approaches” (ibid). 
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Product development and testing 

The previously defined concept will here be realised into a physical product, often a 
prototype, and its technical assets may be tested. Potential customers demand and 
needs should be considered. The tests are often classified into either alpha tests, which 
imply testing within the internal organisation, or beta tests, which are defined as tests 
executed in collaboration with its customers and often within their production 
apparatus. The scope of the testing depends on the complexity of the product. A 
complex product implies a more profound testing process. In the case of a relative 
simple product, the end customer may act as the test function and the product 
development and testing phase is of minor interest (University of Southern Denmark, 
2001; Baker and Hart, 1999; Trott, 1998). 

Test marketing 

This testing phase is the most identical to the real world scenario as it is equivalent to a 
minor market introduction. The customers react to the newly introduced product as 
well as the competitors show their strategy towards their new threat. This pre-
introduction gives an occasion to redesign the future marketing strategy but at the 
same time competitors will be provided with information of the product which may 
undermine first mover advantages. 

Commercialisation/launching 

The commercialisation and launching phase is regarded in financial terms as 
expensive. Theory treating the commercialisation phase includes aspects of market 
penetration, communication strategy, identification of early adopters and diffusion 
theory. 
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Figure 2-1. Relationship between new product development activity used in all cases and 
their critical importance, Study performed by Mahajan and Wind (1992) 
 

2.2.2 Screening criteria and tools 

To make a distinction between future successful products and product failures the 
organisation continuously has to reconsider its new product development projects. 
This chapter will present some of these selection approaches and screening criteria sets 
that is to be found in the vast new product development literature. 

Screening criteria 

Thomas D. Kuczmarski (1996) has developed a set of screening criteria in evaluating a 
new potential product. The screening processes are to be performed after the idea 
generation phase, after the business analysis phase and after the marketing testing 
phase. 

Every screening phase implies three different types of screens; the strategic screen, the 
consumer screen and the financial screen.  

The strategic screen is further divided into issues regarding the product and:  

 the fit with strategic objectives 

 the exploitation of internal strengths 

 the source of competitive advantage 
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The consumer screen is treating issues as: 

 need and intensity 
 uniqueness and differentiation 

 
The financial screen has a scope covering: 

 size of opportunity 
 impact on existing business 
 return potential 

 
The screening process will result in a wide range of questions that the evaluating team 
has to consider for deciding to continue with the specific new product development 
project or not. These types of questions are often complex in its nature and simple 
answers are thus very uncommon. The screening process itself may demand quite a bit 
of resources of the project organisation but is important in terms of taking the right 
decisions. 

Screening tools 

Michael J.C. Martin (1994) has performed a compilation of the most used screening 
tools and we will here present the most suitable approaches in evaluating industrial 
innovations. There are up to date hundreds of screening tools but here only a general 
classification of these is presented. 

Check lists 

A rather simple method in evaluating new products is to us check lists which are 
supposed to include more or less all questions that have be raised to make a proper 
decision regarding to continue a certain development process or not. It has however 
been shown that on a list with about thirty questions, covering all the screening phases 
discussed above, it is merely a quarter of them that are normally used in an industrial 
development process. A check list of this type is regarded as a not very sophisticated 
instrument of selection, and in a decision process where the investment for a new 
innovation is equivalent to a relative high financial input, finer developed selection 
approaches may be chosen. 
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Check lists refined with scaling 

In previously introduced selection approach the check list has no graduation in terms 
of how good the criteria meets the objective. It has been suggested that each answer to 
the check list will imply a graduation from e.g. 1 – 5. The advantage of using a refined 
method like this is primary that a presentation may be easily given of the results and a 
better understanding of the selection criteria is to be achieved. This is the first phase of 
a quantification of the selection process. Each criteria may further be weighted as there 
for certain exist in every project differences in importance of the criteria. 

Benefit-Cost Index methods 

In benefit-cost index evaluating methods both estimated benefit and cost is put into 
formulae and a ratio is subsequently calculated. Several benefit cost ratio formulae 
have been developed and the Ansoff’s Index Formulae is one of these. 

Table 2-1 Anoff’s Index Formalae 
 

Figure of Merit (profit) = FMp = 
JCd

SPpPsEMbMt

*

****)( +
 

 

Figure of Merit (risk) = FMr = 
FMp

Car
 

 
Where:  Mt = Technological merit, Mb = Business merit, E = Estimated total earnings over lifetime, Ps = 
Probability of success, Pp = Probability of successful market penetration, S = Strategic fit, Cd = Total 
development cost, J = Savings factor from shared resources, Car = Total cost of applied research, F = Total cost 
of extra facilities, staff, etc., Mp = Figure of merit (profit) 
 
 

Risk Analysis models 

Previously introduced benefit-cost index method may further be extended with risk 
profiles based upon statistical distribution regarding the return on investment. The 
uncertainty of estimated parameters are however great in the initial phases of the 
development cycle as well as in the case of a totally new invention to the world. For 
slightly improved technologies in advanced phases of the development process this 
kind of risk analysis may be a good alternative as a selection approach. 

Risk-Return profiles 

If an estimation of expected return and the rate of success/failure for a new product 
development project may be calculated the so-called risk-return profile could be used 
for illustrating the project (in comparison to other projects). 
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Figure 2-2 Risk-return profiles 
 
Business-Technical profiles 

The dimensions risk and return could otherwise be replaced by business and technical 
potential and a graphical presentation could here be performed in the same manner as 
above. 

Statistical Decision Analysis models 

The great influence of uncertainty in new product development projects is a good 
reason to use statistical decision models. Pay-off matrices and tree analysis are such 
example of these statistical methods and the expected outcome is the selection criteria 
in choosing a proper project. The tree analysis may also be used for even managing the 
project, as subsequent decisions could be evaluated by use of this method. 

Mathematical programming techniques 

Mathematical programming techniques as linear programming, dynamic programming 
and integer programming are frequently used in the industry in the evaluation of new 
potential products. These techniques have a reputation to be more sophisticated than 
previously introduced methods and are said to contribute with more precise and 
optimised project selections. 

Screening tools used 

Mahajan and Wind (1992) examined the screening criteria used in the industry by 
studying 68 firms in different types of businesses. These firms gave their answers 
according to Figure 2-3. 

. 

 project A 

 project B 

minimum return 

maximum risk increasing risk 

increasing return 
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Figure 2-3 Criteria Used to Measure the Performance of New Products 
 
 
Discussion of screening criteria and tools 

The screening tools that cover all the three screens defined by Kuczmarski are the 
“check list tool” and the “check list refined with scaling tool”, since the strategic, the 
consumer and the financial screen are all represented within these methods. We can 
further notice that it is exclusively the financial screen that is covered in the rest of the 
introduced screening tools. The industry has, according to Figure 2-3 shown a demand 
of these more precise quantitative screening tools in the decision process and 
consequently these methods have been developed. Aspects as the profit, sales volume, 
return on investment, market share and payback period are the most important aspects 
to consider. A tool, which fulfils the demand to cover these, while not being too 
complicated to utilise, would be the optimal one. This is the trade off that the industry 
has to consider, to utilise a model covering all aspects but difficult in applying and 
demanding in terms of organisational resources, or to employ an easy model that may 
be short in covering all necessary aspects. This is further discussed in the chapter 
Model for preparation of commercialisation, since we then have to choose our specific 
screening tool. 
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2.2.3 New product development models 

To make a distinction between different types of new product development models we 
will here present a classification of these (references are primarily found in the Baker 
et al. article in International Marketing Review, 1994). Further review of new product 
development models will be discussed with this classification as a basis. 

The departmental-stage model 

This model looks upon the NPD-process with the company’s organisational structure 
and particularly its departments in focus. The model has been exposed for severe 
criticism the last decade and is nowadays not regarded as a state-of-the-art new 
product development model. It is though interesting to review the model in historical 
terms as new approaches differs significantly to this old one. (Saren, 1984) 

The departmental-stage model divides and allocates the different tasks in a new 
product development process to the different departments within the company. The 
product development will then e.g. commence in the research and development (R&D) 
department, be further processed in the engineering and design departments and finally 
launched and supported by the marketing department. (ibid) 

It has been remarked that the model has a profound weakness regarding the control of 
the development process, as the departments are working exclusively within their 
scope of activities. Due to lack of collaboration, the departments are isolated from the 
rest of the company and inter-departmental-communication is only appearing when the 
current project is handled over from one department to another. This may easily cause 
sub optimisation or worse project failure, as the product is further developed only upon 
the information given at the time of interaction in the interface of the two departments 
(Saren, 1984; University of Southern Denmark, 2001). 

There is an apparent lack of market input into the early stages of the departmental-
stage product development model. Market input has proved to be extremely important 
for a beneficial outcome of a new product (Cooper, 1979) and there is a clearly defined 
risk in launching a product that has no relevance to the market, when working strictly 
according to this model (Cooper, 1984; Nyström 1985). 
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Another important issue is how to create incentives and a good environment for 
ownership of the development project (Hegarty and Hoffman, 1990; Kortege and 
Okonkwo, 1989; Ramanjam and Mensch, 1985). Who is actually in charge of the 
project and how is he to control the process through the different departments? 

The activity-stage model 

Having this approach, the actual activities play a significant more important role and a 
fairly continuos input from the market and thus incremental changes in the product is 
also to be found. Different departments are however still in charge for the project 
during the different phases and this has been regarded as an inconvenience in 
utilisation of this model (Saren, 1984; University of Southern Denmark, 2001; 
Takeuchi and Nonaka, 1986). 

The decision-stage model 

In the decision-stage model, evaluation points are utilised when a decision regarding to 
carry on with a project or not has to be taken. Several departments may according to 
this approach work on the same new product development project simultaneously as 
none has the exclusive right to any project. The management has the responsibility of 
every project and thus a better overall control with less sub optimisation is generally 
executed. Due to this model external actors as customers and suppliers may have 
greater impact on the final outcome of the project. The decision-stage model is more 
known by Kotler as the stage-gate model (Kotler, 2000; Cooper, 1983; University of 
Southern Denmark, 2001; Ronkainen,1985; Saren, 1984) 

The conversion process model 

This approach depicts the product development as a black box where the input may be 
a CAD/CAM-drawing, a sheet of customer needs or a new industrial design. The data 
is further processed in the black box and an answer regarding a possible 
launch/continue decision is given to the manager. This model highlights the 
importance of information, as well as all other resources added as input to the new 
product development process. The model is though often criticised to add nothing of 
great importance for reaching a better understanding of the complex development 
processes studied. It is primary used as a supplement to the decision-stage model 
(Saren, 1984; University of Southern Denmark, 2001). 
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The response model 

The response model is focusing on the initial phases of the NPD-process in general 
and the screening phase in particular. Using this model as a guidance, the different 
parts of the organisation and their attitude to some kind of change which is here 
equivalent to a NPD-project are studied in detail (Saren, 1984; University of Southern 
Denmark, 2001). 

The network model 

The network model focuses on the accumulation of knowledge in the different parts of 
the organisation. The sources of the information input are emphasised to be numerous 
and of a wide variety. These external sources connected to the internal business 
activity are the core of the NPD process according to this model. External inputs 
allocated to the enterprise are mentioned to be, e.g.: competitors, distributors and 
suppliers, customers, strategic alliances and university departments (Trott, 1998; 
Nonaka and Takeuchi, 1986; Biemans, 1992; von Hippel, 1988) 

Discussion of new product development models 

With the previous discussion of screening tools in mind, we notice that the decision-
stage model and the response model are emphasising the screening process in 
particular. The decision-stage model is treating the subject by using the concept 
evaluation points, while the response model is focusing on the organisational aspects 
of the screening process. Other introduced models may cover domains of great 
importance as well. We will further treat these aspects in our model discussion, since 
we should connect previous conducted research to our own perspective. 
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2.3 Environment scanning 

The present business environment affects the commercialisation of new innovations to 
a high extent. Therefore it is important to scan the environment and consider aspects 
critical to the commercialisation. Utterback (1994) has divided the business 
environment into external and internal environment. 

2.3.1 Internal environment 

To the internal environment Utterback counts variables that are within the organisation 
itself. These variables can be categorised as the strengths and weaknesses of the 
venture. Internal aspects of importance are the venture’s structure, culture, and 
resources. The impact of these aspects therefore have to be considered carefully before 
commencing a commercialisation.  

2.3.2 External environment 

To the external environment belong variables, which are outside the organisation. 
Utterback classifies these variables opportunities and threats, and these form the 
context within which the venture exists. He further divides the external environment 
into two parts, the task environment and the societal environment. 

Elements that are directly affected by the organisation’s major operations are included 
in the task environment. Utterback mentions stockholders, governments, suppliers, 
local communities, competitors, customers, creditors, labour unions, special interest 
groups, and trade associations as examples of elements in the task environment.  

The societal environment includes more general forces. These elements often do not 
have big impact on the venture in the short-run, but can influence the strategy in a long 
run. 

All these actors thus have to be considered. To determine what factors affect the 
specific situation, and what impact these can have, become a crucial task when 
preparing commercialisation. An especially interesting aspect in the environment is the 
competitive pattern, which will be further explored below. Also customers is a 
particularly interesting group of actors in the environment and these will be studied 
closer through the chapter market theory. 
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When scanning the environment an important task is further according to Kuratko & 
Hodgetts (2001) to clearly define the industry for the new venture, and to clearly 
define the focus. “The more clearly the entrepreneur can define the industry for the 
new venture, the better the chance the venture will get off to a sound start” (Kuratko 
and Hodgetts, 2001) 

Another important characteristic in emerging industries is according to Utterback 
(1994) the technological uncertainty. A major question is which technology that will 
prove to be the most efficient. Important to consider is also how difficult it will be to 
copy technological breakthroughs in the industry, i.e. what actual protection of new 
technologies that the industry offers. 

2.3.3 Competitive pattern 

To explain the pattern of competition in industries, and to supply a tool for strategy 
formulation, Porter (1998) has formulated a model consisting of five competitive 
forces.  

 Industry competitors 
The present competition within the specific market is just one of the important aspects 
to consider when analysing the pattern of competition on a specific market. On 
markets with close to perfect competition, this is a very important aspect. Though on 
more restricted and complex markets, other very important aspects come into 
consideration. 

 Buyers 
In industrial markets, the power of the buyer is often a strong force that will to a high 
extent influence the competitive environment. On markets with high competition and 
where customers are big actors the power of the buyers will become a crucial factor to 
consider and the target of competing ventures will be to adjust to closely fit the 
customer requirements. 

 Potential entrants  
In competitive environments, all industries are targets of potential entrants. The extent 
to which new actors are likely to enter is much influenced by the level of profitability 
in the specific industry. But another important aspect is the present barriers to entry.  
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Even in an industry with relatively low profitability, new entrants will appear and 
increase the level of competition if the barriers to entry are low enough. In the same 
way high barriers to entry can protect a profitable industry from new entrants. 

Porter (1998) identifies the following major sources of barriers to entry: 

Economies of scale – For most operations, the marginal cost of production is 
decreasing as the production increases. This creates a competitive advantage for 
established actors that have had time to create a big customer base and big-scale 
production facilities, since lower prices or higher customer value can be achieved in 
comparison to new small-scale actors. This is especially true for companies producing 
tangible goods, but also for companies offering other services, since synergy effects 
often can be achieved concerning e.g. sales, distribution and organisation. 

Product differentiation – When a market consists of differentiated products, each 
segment of the market will be better served than in the case of only standard products. 
To the entrant this will imply that it will be hard to target the whole market, since a 
standard product will likely not be competitive in comparison to the differentiated 
products. To offer a range of differentiated products to the market will result in high 
costs and risk. Each market segment will also be smaller than the total market. It will 
therefore be harder to find a market segment that is substantial enough but not yet 
properly served by the existing competition. Therefore product differentiation will 
create a barrier to entry for new actors. 

Capital requirements – When entering new markets, there are often high requirements 
of capital for establishing a competitive position. All organisations need working 
capital. In industrial ventures the requirements are often very high due to the need of 
production plants, departments for R&D and marketing. The higher the capital 
requirement, the higher this barrier will be to potential entrants. 

Switching costs – Existing actors in industrial competitive environments often have big 
commitments to the customer, and the customers are in turn dependant on the suppliers 
of the services. Therefore changing to other suppliers of services or goods in industrial 
environments often implies high switching costs. These costs can be generated from 
e.g. need of reconstruction work, new equipment purchases or loss of production. The 
offers of new entrants have to compensate for these switching costs to be interesting 
for target customers, and this therefore constitute a barrier to entry. 



Preparation for Commercialisation of Industrial Innovations 
 

 

 24 

Access to distribution channels – A critical aspect for new entrants is the gain access 
to distribution channels. If this is restricted by existing actors, it will constitute a 
barrier to entry. 

Cost disadvantages independent of scale – The need of know-how, patents and raw 
materials, the existence of government subsidies and the impact of experience curves 
are other barriers to entry that decreases the attractiveness of the industry to new 
entrants. 

 Government policy – Regulations, need of licences and limited access to raw materials 
because of government policy can play a major role as barriers to entry in certain 
industries. 

 Substitutes 
The level of competition can be influenced by the availability of substitutes for 
existing products, i.e. solutions that can serve the customer needs in different ways 
than the conventional. The existence of such solutions will therefore influence the 
strategy formulation. 

 Suppliers 
Also the power of suppliers can influence the pattern of competition in specific 
industries. How the different actors in the industry are structured is here an interesting 
aspect. 

“All five competitive forces jointly determine the intensity of industry competition and 
profitability, and the strongest force or forces are governing and become crucial from 
the point of view of strategy formulation” (Porter, 1998). An important step in 
preparing commercialisation is therefore to consider these forces and to determine 
which of these are most crucial in the present commercialisation environment. 
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2.4 Market theory 

2.4.1 Market definitions 

Crucial aspects to consider before commencing a commercialisation are needs and 
demand on the market. The basis for establishing an existence as a venture is that there 
is a demand for offered products in the market. According to Kotler (1999), “a market 
is a set of all actual and potential buyers for a product”. He further identifies the 
potential market as “the set of consumers who profess a sufficient level of interest in a 
defined market offer”. Sjöström & Wahlbin (1991) defines the potential market as the 
estimation of the possible total demand for our product and competing products that 
satisfies the same user needs. 

Interesting aspects here are that when preparing a commercialisation, the user needs 
that wish to be satisfied must first be determined and a market offer which is of enough 
interest for the potential customers has to be clearly defined.  

2.4.2 Market segmentation 

A market according to Kotler’s definition can be very heterogeneous concerning actual 
needs to be fulfilled through the use of the offered product, since the only thing in 
common is that all actors are potential buyers for one reason or another. Porter (1998) 
points out that the buyers within a market can differ in their wants, purchasing power, 
geographical locations, buying attitudes, and buying habits. Interesting markets are 
therefore often further analysed by first segmenting the market into smaller market 
segments.  

Porter (1998) defines a market segment as a large identifiable group within a market.  
Customers belonging to a segment are assumed to be quite similar in their needs and 
wants. According to Tidd (1997) the most common basis of segmentation is by the 
benefits that customers derive from the product. 

Also the segments can be further divided with respect to the present needs. Porter 
(1998) defines a niche as a “more narrowly defined group, typically a small market 
whose needs are not being well served“. 
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2.4.3 Business buying behaviour 

To understand how demand occur in the market, and according to those principles 
prepare a commercialisation, the buying behaviour of the customers in the specific 
market must first be understood.  

Kotler (1999) argues that the basic principle is that customers are value-maximisers; 
demand is created for the product that offer the highest customer delivered value, 
which is the difference of total customer value and total customer cost. “Total 
customer value is the bundle of benefits customers expect from a given product or 
service. […] Total customer cost is the bundle of costs customers expect to incur in 
evaluating, obtaining and using the product or service.” (Kotler 1999). This implies a 
quite rational behaviour of the market, and that the costs and value can be accurately 
determined. According to Tidd (1997) business customers do tend to be better 
informed than consumers and make more rational purchasing decisions. 

Complex products 

When dealing with complex products, i.e. products typically consisting of a number of 
components, the interaction with the customer is more complicated. For the customer a 
complex integrated system is more difficult to understand. According to Tidd (1997), 
when dealing with complex products, “technology and markets co-evolve over time, as 
developers and potential users interact and adoption is likely to involve a long-term 
commitment, and therefore the cost of failure to perform is likely to be high.” For 
complex products both the risk of performance failure, and the consequence for failure 
normally are higher than for less complex products. At the same time it is more 
challenging to rationally evaluate the customer delivered value from different 
products. Tidd points out that the adoption of complex products therefore normally 
requires more attention from the potential customers’ decision makers. 

System buying 

On industrial markets a common approach is system buying. Customers prefer to buy 
total solutions from one seller (Kotler 1999). Hammarkvist et Al (1982) defines 
system selling as when the seller “offers a combination of products, problem solution 
and service, which together covers a whole function or part of a system in the 
customer’s operations.”  
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System selling exists because there are incentives for this from both the sellers’ and 
the buyers’ perspective. Buyers often have little knowledge about the system needed to 
fulfil their needs, especially how to effectively acquire and assemble the different 
components to a working system. Another incentive is that by buying a complete 
system, there will be one responsible supplier of the system, instead of several 
independent component suppliers. This offers an increased security for the buyer. 
(Hammarkvist et Al 1982) 

The motives for the system seller are several. One motive is that the seller can 
coordinate the relations between different suppliers and by that achieve technical, 
economical and organisational efficiency. System selling can further offer the seller 
opportunities to grow, since new product areas and know-how can be added to the 
organisation because of the expanded field of operation due to the system selling. 
Another important incentive can be to adopt system selling to avoid having to compete 
on a component basis. By offering complete systems, competitive disadvantages on 
the component level can be hidden in a bigger system offer. In the case of component 
selling, the offered components are compared directly against the components offered 
by competitors. But in the case of system selling, the offered system as a whole is 
compared to competing systems, and therefore disadvantages on the component level 
can be hidden in the overall design of the system. Adopting system selling is often 
done to avoid becoming a sub-contractor to system sellers. Sub-contractors do not 
have the same contact with the final customer and often have a weaker position in the 
business network. On the other hand the risk and resource requirements are lower for a 
sub-contractor. System selling can help the seller gain knowledge about the systems 
and problems of the customers, and this information can be used to increase the 
seller’s competitive advantage. By selling systems, a long-term presence with the 
customer can also be secured, which can give advantages such as lucrative service 
contracts and profits from new investments. By selling systems the seller make the 
customer dependant on its services. Above motives are means of strengthening the 
position of the company. Sellers can though be forced to become system sellers to 
meet the competitors’ increasing commitments towards the customers. (ibid) 

“The transformation from component buying to system buying causes important 
changes in the business network.” (ibid) 
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Organisational factors 

Tidd (1997) stresses the importance of organisational factors of the buying behaviour. 
The behaviour is affected by the nature of the organisation i.e. if the purchasing is 
centralised or decentralised, to what extent the market structure is based upon long-
term contracts, and how the purchasing evaluation is made, e.g. if it’s a strict 
performance evaluation or to what extent other aspects, such as personal relations, are 
allowed to affect the purchasing decisions. 

Dominant designs 

An interesting aspect that Tidd (1997) mentions when scanning the market, is to 
examine the existence of dominant designs. “A dominant design in a product class is, 
by definition, the one that wins the allegiance of the marketplace, the one that 
competitors and innovators must adhere to if they hope to command significant market 
following” (ibid). 

Tidd further argues that the factors influencing the dominant design are not just 
technological. Also collateral assets, industry regulation and government intervention, 
strategic manoeuvring by individual firms, and communication between producers and 
users are important to evaluate when examining the existence of a dominant design. 

2.4.4 Major macroenvironmental forces 

Kotler (1999) points out that the whole market is highly affected by the 
macroenvironment.  He mentions six major macroenvironmental forces: 

Demographic environment – Factors such as population growth, ethnic markets and 
household patterns influence the society and also, at least indirectly, the market for 
most industries.  

Economic environment – The income distribution and economic characteristics of the 
society determine the structure of the markets to a high extent. Societies can belong to 
different main classes depending on economic structure, such as industrial, 
industrialising, subsistence or raw-material-exporting. 
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Natural environment – Environmental characteristics can play a major role in 
determining the rules of the business environment. Supply of raw materials, energy 
costs, regulations for pollution levels and government environment protection 
influence most markets and are crucial on some specific markets in modern 
economies. 

Technological environment – On many technological markets, there is an accelerating 
pace of technological change, which affects the nature of the market. Other important 
aspects are present opportunities for innovation, level of R&D budgets and regulation 
of technological change. 

Political/legal environment – Interesting political and legal aspects are specific 
legislation, influence of special-interest groups and level and nature of corruption. 

Social/cultural environment – When evaluating foreign markets, aspects such as core 
cultural values, existence of subcultures and present shift of secondary cultural values, 
can be crucial to consider when developing an understanding of the market structure. 
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2.5 Diffusion of innovations 

One important issue is how the product characteristics influence the anticipated 
diffusion of the innovation to be commercialised. Rogers (1995) suggests five 
characteristics by which an innovation may be described, and shows how individuals’ 
perceptions of these characteristics predict the rate of adopting the innovation: 

1. Relative advantage is the degree to which an innovation is perceived as being 
better than the idea it supersedes. 

2. Compatibility is the degree to which an innovation is perceived as consistent 
with the existing values, past experiences, and needs of potential adopters. 

3. Complexity is the degree to which an innovation is perceived as difficult to 
understand and use. 

4. Trialability is the degree to which an innovation may be experimented with on a 
limited basis.  

5. Observability is the degree to which the results of an innovation are visible to 
others. 

 
As we see it, the relative advantage is the main driving force for the customer; this is 
what creates the customer value. The other four aspects are different ways of 
communicating the innovation to the potential market and decreasing the uncertainty 
and risk for potential customers. 

The compatibility can relate the customer needs, but also to the values and frame of 
reference of the customer. That the need is compatible with what the innovation offers 
should be a basic foundation to create value for the potential customer and thus a 
demand for the product. A product with high compatibility will decrease the 
uncertainty for the customer, since the concept is perceived as familiar.  

Triability is important when dealing with big industrial systems, because direct full-
scale implementations are expensive and involve high risks. Tests in a controlled and 
more easily handled environment is important to decrease the risks for the final 
customer.  
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The observability of the technology is further of great importance, since the positive 
results of the innovation must be clearly visible to the other potential customers. If it is 
not clear what causes great results in a new process or application, new customers will 
not be easily persuaded to purchase the product. 

Rogers further mentions that incentives are often used to speed up the rate of adoption. 
The main function of an incentive is to increase the relative advantage of the new idea. 
Incentives are given to an individual or a system to encourage the behavioural change.   
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2.6 Intellectual property and patent 

By raising a patent for a new product an enterprise may increase the barriers to entry 
for its competitors (Martin, 1994). 

In the commercialisation of industrial innovations the exploiters often regard patenting 
the product on the markets in focus, as a necessary act for protecting potential future 
profit. It doesn’t however exist any global patent system, which contributes to a 
sometime rather difficult and expensive process for the inventor, as she tries to protect 
it from competitors. The industrialised countries normally support its citizens with a 
well working patent system. The differences between the systems may though be quite 
astonishing. The US system gives the inventor the right to inform the public before she 
applies for a patent, in contrast to the European system, which bans all publication of 
information before a patent application. During the filing process the patent documents 
are public in Europe, but in the US the documents remain confidential throughout the 
entire patent process (Trott, 1998; Boer, 1999). 

It is nowadays possible to patent an innovation in the entire Europe, by applying to the 
European Patent Office (ECP). The patent systems in the member states of Europe 
have also been harmonised to encourage and facilitate such an international system 
(Trott, 1998). 

The Patent and Trademark Office (PTO) has by the Constitution of the U.S. the duty to 
secure for limited times to inventors the exclusive right to their respective discoveries 
in the U.S. The PTO is a federal authority under the Department of Commerce (US 
Patent and Trademark Office website). 

Protective patent systems are otherwise in developing countries relatively rare. Even in 
advanced developing countries as China, Taiwan, Korea and Brazil the patent systems 
has a reputation to be corrupt and often very problematic to handle for westerners. 
Japan is normally regarded as a developed country, but in terms of a western enterprise 
to protect its interests it could be a great challenge (Boer, 1999). 

The normal strategy for an enterprise to protect its new developed products is thus to 
initially patent it in English-speaking developed countries that respect the patent 
applicant and his/her intellectual property (ibid). 
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2.7 Establishing a venture 

2.7.1 Network 

“Establishment is a process where a company creates a critical mass of relations to 
other companies, institutions and individuals in the network that the new market 
constitute” (Hammarkvist et Al 1982). The authors mean that the establishment is 
achieved when the company has reached the critical mass of relations. This mass has 
two dimensions: the number of relations and the nature of the relations. The nature of 
relations refers to what kind of ties that are present in the relations. Different kinds of 
ties are technical, social, economical, and dependence on knowledge and time. 

Hammarkvist et Al (1982) further stress that the networks targeted by the establishing 
venture can be firmly or loosely structured. If the offered product is well customised to 
the firmly structured network, this can result in a high demand from the network. If 
not, a high resistance towards the establishing company can be experienced. In loosely 
structured networks the reactions from the network are less extreme. 

2.7.2 Venture capital 

Apart from establishing a network, establishing ventures have need of capital to 
finance initial costs. Two major principles to acquire venture capital are formal 
venture capital and informal venture capital (also called private investors). 

Formal venture capital 

According to Manigart & Sapienza (2000), banks are not likely to provide capital to 
new ventures with high potential but without collateral or income stream history, 
because of the perceived high risk. “Formal venture capitalists generally invest larger 
amounts per investment round and invest less frequently in early stage deals than do 
private investors. (Freear and Wetzel 1990; Manigart and Struyf 1997) 

Informal venture capital 

Informal venture capital is primarily capital supplied by private individuals, so called 
business angels. Business angels that use their own money directly in unquoted 
companies in which they have no family connection play a key role in the financing of 
emergent business according to Mason & Harrison (2000). 
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The informal venture capital fills the gap between “founder, family and friends” and 
institutional venture capital market, in terms of amount of venture capital needed and 
available. The informal market is also substantially larger than the institutional venture 
capital market, in terms of amount of invested money in businesses at their start-up 
and early growth stage. Business angels are further hands-on investors, not only 
supplying the new venture with capital, but also contributing their skills, expertise, 
knowledge and contacts both formally and informally in the businesses they invest in 
(Harrison and Mason 1002a; Mason and Harrison 1996a; Lumme et al. 1998). Because 
of their entrepreneurial background, business angels therefore contribute more to a 
business, than with just money. 

The supply of venture capital, for a project at an early stage with relatively low capital 
requirement, should thus be higher within the market for informal venture capital than 
within institutions. 
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3 MODEL FOR PREPARATION OF COMMERCIALISATION 
With the theories presented in the frame of reference as base, a model 

for preparation of commercialisation entitled “The Propeller of 

Commercialisation” is here introduced. The model has the objective 

to facilitate execution of such preparations in specific industrial cases. 

 

3.1 Application of the model 

The model treats the preparation for commercialisation of industrial innovations. This 
preparation task appears relatively late in the innovation process and commences the 
commercialization process that eventually will proceed to a launching of the product. 
Activities such as idea generation and implementations of fundamental ideas into a 
working core product are thus not included in the model. The preparation is the last 
step before marketing, launching and commencing full-scale production. The main 
focus of the model is detection of possibilities and preparation of necessary tasks to 
execute during commercialisation of industrial innovations. 

 
 
 
 
 
 
Figure 3-1 Application of the preparation model in the innovation process 
 

3.2 Elements of the model 

3.2.1 Three perspectives on commercialisation preparation 

To create better structure of the critical aspects that has been discovered in the 
literature, all aspects have been categorized into three main areas of importance for 
commercialisation of innovations. These main areas are innovation, venture and 
business environment. This classification facilitates the evaluation by providing a 
structure with three different perspectives that creates focus on all necessary aspects. 

Idea 
generation 

Launching and 
production 

Transformation 
to product 
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Innovation 

 Technology and applications consideration 

 Application concept development 

 Diffusion factors 

 Product performance evaluation 

 
Business environment 

 Market potential 

 Definition of the industry 

 Market segmentation  

 Macroenvironmental forces  

 Buying behaviour 

 Competitive pattern 

 
Venture  

 Internal environment 

 Legal concepts and patents 

 Establishing a network 

 Obtaining venture capital 
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3.2.2 Chronological order of evaluation and preparation 

To facilitate the preparation of commercialisation, a proposed chronological order of 
work has been proposed. Following this order will ensure sufficient consideration to 
all critical aspects and provide a systematic approach to the preparation task. 

The basic view on the process is based on the network NPD model, which emphasizes 
input from many different external sources during the process. The collection and 
accumulation of data from these sources are vital to the commercialisation process. 

This integrated approach, taking into consideration aspects from all three perspectives 
throughout the process, aims to reduce the lack of consideration to different aspects, 
which is found in many NPD models. 

The order of work is based on the phases in the NPD process found in the literature 
review. Though, the model also includes critical aspects not covered in the typical 
NPD process model, and the model further has a focus only on the preparation task of 
the commercialisation process, and not on the whole typical product development 
process. This creates better focus on the necessary task for the preparation of 
commercialisation. 

In the process, four evaluation points have also been included, based on the design of 
the decision stage NPD model. These provide an overview over the different parts of 
the process and facilitates the decision making throughout the process.  

Technology and applications 

The first stage is to study the functionality of the technology and examine possible 
industrial applications for the technology to enable a later evaluation concerning what 
applications to target when preparing the commercialisation of the innovation. 

Market structure 

A market consideration with respect to the different possible applications should be 
made. Execute an industry definition and market segmentation according to the 
theories of Kotler (1994) and Porter (1999). Within what industry context will the 
innovation exist and what markets segments or niches exist? What are the major 
macroenvironmental forces, stressed by Kotler (1999), affecting the market? 
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Internal environment 

Analyse the internal environment of commercialisation venture. Aspects that should be 
considered are, in accordance with the theories of Utterback (1994), competence, 
resources and management focus. This highly influences what applications are suitable 
to target during a commercialisation.  

Evaluation point 1:  What applications should be targeted? 

 
Application concept development 

A specification of the targeted applications made in accordance to NPD theories to 
define the application concepts. The technical characteristics and functionality should 
be examined with consideration to interesting applications. 

Market concept 

What are the most interesting aspects, opportunities and threats of the targeted 
markets? Scanning of the task environment as proposed by Utterback (1994) provides 
an overview over the situation. Examine also customer buying behaviour through the 
theories of Kotler (1999), Tidd (1997) and Hammarkvist et Al (1982) and what impact 
this has on the future commercialisation. User needs and behaviour are important to 
consider when constructing the market offer.  

Legal commercialisation concept 

Martin (1994), Trott (1998) and Boer (1999) stress the importance of patents. Legal 
concepts for commercialisation and intellectual property protection must be considered 
to prevent future legal problems during commercialisation. 

Evaluation point 2: Determine market and business concept. 

 

Diffusion factors 

How do the characteristics of the product concept affect anticipated diffusion of the 
innovation? Consider the diffusion factors analysed by Rogers (1995) to ensure a high 
diffusion when commercialising the innovation. 

Competitive pattern 

Porter (1998) stresses the importance of the competitive forces. Analyse critical 
aspects such as customers, competitors, suppliers and government. Which are the most 
important competitive forces that affect the industry? 
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Establishing a venture 

The organisation that will execute the commercialisation must be prepared for the task. 
Examine needs of network and venture capital for establishment of a suitable 
commercialisation venture. Interesting are the establishment theories of Hammarkvist 
et Al (1982) and theories by Mason & Harrison (2000) and Manigart & Sapienza 
(2000) concerning venture capital. Strategy aspects also have to be examined in the 
light of the venture. 

Evaluation point 3: Market and future venture. The external conditions for a 

commercialisation and how the market views the product affects the 

commercialisation. Also consider critical aspects for preparing the venture that will 

execute the actual commercialisation. Finally the strategy aspects have to be 

examined. 

 
Product performance evaluation 

Evaluation of the actual product. A prototype should be constructed to carry out testing 
and performance evaluation, an activity treated by the product and development testing 
phase in NPD models. This determines the actual performance of the product and 
provides necessary proof of the relative advantage of the innovation. 

Evaluation point 4: Performance evaluation. Is the potential of the product 

substantial enough for starting the actual commercialisation? 
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3.3 Commercialisation preparation model 

To show the connection between the three commercialisation perspectives and the 
proposed chronological order of analysis and preparation, a preparation model has 
been constructed, visualising these connections.  To symbolise the driving force that 
this model supplies during the preparation task, the model has been visualised as a 
propeller - The Propeller of Commercialisation.  

 

 
 
Figure 3-2 The Propeller of Commercialisation 
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3.3.1 Model discussion 

The propeller of commercialisation is intended to provide a structured order of 
execution of necessary tasks during preparation of commercialisation of industrial 
innovations. The visualisation of the execution over the three different perspectives 
highlights the need to consider all three perspectives throughout the process. It also 
visualises the proposed integrated approach to the preparation, connecting 
technological aspects with commercial. 

The scope of the model is to assist the preparation of commercialisation. A typical 
NPD process involves everything from idea generation to launching of the actual 
product, whereas this preparation model focuses on detection of possibilities and 
preparation of necessary tasks to execute during commercialisation. 

The first step, to analyse technology and applications in the preparation model 
corresponds to the idea generation phase of product development. But in the case of 
commercialisation preparation, the actual idea generation is assumed to already be 
carried out. Though, a consideration of technological characteristics and possible 
applications is an important start of the commercialisation process. 

The screening phase of the traditional NPD process corresponds to the steps market 

structure and internal environment. The internal environment scanning also takes into 
the consideration the important aspect of adherence to the overall strategy, mentioned 
in the NPD process. This step forms the strategic screen of the evaluation, whereas the 
market structure forms a consumer screen. After this step, the most suitable 
applications to target are determined, with respect to company characteristics and a 
rough market evaluation. To evaluate these different applications, one of the formal 
selection techniques mentioned in the literature review, can be used. Though, in many 
cases these formal and often quantitative techniques, can involve a high amount of 
uncertainty because of lack of information in this early stage of the process. When 
preparing commercialisation, we therefore suggest that also more qualitative and 
situation specific evaluations can be used to determine the most appropriate 
applications. If there is a lack of information and the information needed involves 
much research on this early stage, a decent evaluation can often be performed by 
interviewing people with good knowledge within the specific markets.  
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The application concept development, market concept and legal concept 

commercialization steps corresponds to the concept development and testing phase of 
traditional NPD. Through these steps, a technical and commercial concept for the 
innovation is developed. These steps constitute a financial screen as well as a strategic 
screen. 

The phase business analysis in NPD process corresponds to the diffusion factors and 
competitive pattern steps in the preparation model. A complete business analysis is 
though not made on this early stage, since the performance of the product is not yet 
known. Only more general aspects are considered, and the actual business analysis is 
made together with the product evaluation. Diffusion theory is developed as a tool to 
predict the diffusion of a new innovation by determining the impact of the different 
factors. In NPD processes, diffusion factors are therefore normally considered in the 
commercialisation/launching phase, which is the last phase of the process. We though 
suggest considering the impact of these factors, at an earlier stage. By having the 
diffusion factors in mind throughout the commercialisation process, a high diffusion of 
the innovation can be achieved because it enables modification of the actual product 
and market offer during the preparation phase. Designing of the final product and 
market offer can then be done, taking into consideration how high diffusion that can be 
achieved. 

Aspects for establishing a venture are not treated in traditional NPD models, since a 
venture is normally assumed to exist when dealing with product development. 
Therefore this step does not have a correspondence in the NPD process.  

The final step in the preparation model, the product performance evaluation step, 
corresponds to parts of the NPD phase product development and testing. In industrial 
projects, the applications are often big-scale and imply costly testing and evaluations. 
After this step, all treated factors are considered to make an overall evaluation of the 
possible market introduction of the innovation. This concludes the preparation of the 
commercialisation and creates a solid base that enables efficient decision-making 
regarding the continued commercialisation. 

Later steps of the NPD process are outside the scope of preparation of 
commercialisation, and are thus not included in this thesis. After this step, the actual 
commercialisation can take place. 
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4 SPECIFICATION OF THE TASK 
A problem discussion, including an identification of all necessary 

aspects for making a strategic decision of whether to commercialise 

the SMB-technology or not, and subsequently how to proceed a 

possible commercialisation process, is here presented. In the specified 

research questions chapter the propeller of commercialisation is used 

as a framework to track issues connected to the problem discussion. In 

accordance to this breakdown the specified research questions that 

the thesis should give answers to, in order to achieve our overall 

purpose, are presented. 

 

4.1 Problem discussion 

In the ambition to secure future profit, Johnson Pacific Pte Ltd (JPPL) has the strategy 
to on an ad hoc basis evaluate potential products and services for commercialisation. 
JPPL has the intention to evaluate the SMB-technology for commercialisation on the 
market in Singapore. 

We are stressing two main issues in accordance to our purpose and objectives for this 
specific case. These issues have to be treated, in order to prepare the 
commercialisation of the SMB technology for the market in Singapore. 

 The specific aspects for making a strategic decision regarding commercialisation 
of the SMB-technology have to be identified.  

 
 If the product is to be commercialised, how does the company proceed in 

preparing the commercialisation? 
 
An essential specification of the task concerns how far we proceed in the 
commercialisation process. In our model discussion we have made this delimitation by 
defining the term preparation, which is included in our purpose and consequently in 
our objective. The actual commercialisation in the sense of launching and marketing a 
physical product will not be treated, but only the necessary preparation tasks and 
evaluations for commercialisation. This is a specification of the task of great 
importance. 
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The geographical specification has further been defined as to focus the 
commercialisation process to the market in Singapore. This specification was initially 
made due to the explicit need of improved water technologies in Singapore, as a 
consequence of the problematic relations to Malaysia and the current discussions of 
the future water supply. Singapore was also chosen since it represents a developed 
industrialised country in lack of water, which will be a common future scenario around 
the globe. 

The response to the questions above, in the perspective of our previously designed 
preparation model for commercialisation of industrial innovations, will hopefully give 
indications of how well our model works. 
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4.2 Specified research questions 

Our previously introduced model will now help us to identify the essential aspects 
needed for making a strategic decision of whether to commercialise the SMB-
technology or not. And if the product is to be commercialised, how does the company 
proceed in preparing the commercialisation? We will examine these main issues, 
aiming to break down those into elements, which will subsequently be specified as 
clearly defined research questions. 

4.2.1 The innovation 

The innovation has to be studied to facilitate further investigation of it as a potential 
product. Initially commencing the study of the innovation as a physical object we have 
to characterise it by its specific assets. 

 What are the specific assets of the SMB-technology? 
 
A possible patent may help us to uncover details regarding the assets of the innovation. 
The patent itself is however an important aspect to consider as the scope of protection 
often have a great impact on future profit. 

 How is the SMB technology protected? 
 
The assets will have to be further analysed in perspective of the environment and 
internal venture characteristics, to find its possible application areas. 

 What possible application areas exist for the SMB innovation? 
 
These application areas have subsequently to be considered in the light of the strategy 
of the company. The overall strategy is hopefully found within the explicit mission 
statement, of the corporation that is to be studied. 

 Which specific application areas suit JPPL’s overall strategy? 
 
Finally the issue regarding the anticipated diffusion of the product, which may greatly 
be influenced by its characteristics that earlier have been clarified, have to be 
examined. 

 How do the product characteristics influence the anticipated diffusion of the 
innovation to be commercialised? 
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4.2.2 Business environment 

The external business environment is of great importance for the strategic decision to 
be taken.  

The very core of our analysis has to include a decision regarding what markets that are 
interesting in a commercial perspective for the SMB-technology. This is of highest 
priority and has to be clearly determined.  

 What markets are interesting in a commercial perspective for the SMB-technology? 
 
The targeted market has to be examined and mapped in detail as the 
macroenvironmental and in particular the major competitive forces will influence a 
commercialisation and its underlying strategy. 

 What macroenvironmental and major competitive forces are most critical to our 
industry and innovation and how do they affect the commercialisation strategy? 

 
In parallel with this a description of the market structure should be carried out. A 
market segmentation could be a helpful tool to conduct this analysis. 

 What is the structure of the market? 
 
Competitive products which are offered on the market have to be listed, be compared 
to our innovation and the relative advantages of it have to be displayed. Potential 
customers will surely require that the relative advantages of the innovation are without 
any doubts proved and correct.  

 What competitive products exist on these markets? 

 What are the relative advantages of the SMB-technology compared to its 
competitive products and how do we prove the superiority of the innovation? 

 
The demand and needs of these customers are of great importance for a successful 
commercialisation. 

 What are the needs and demand of the market? 
 
The strategy of the commercialisation could have to be redefined in the light of this 
information. Customers’ common needs may be different to their preferences 
concerning how the product is to be used as application. Different markets may also 
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have the same needs but slightly different preferences regarding the usage of a certain 
product.  

 Do specific customer preferences concerning the use of specific equipment exits? 
 
The buying behaviour including aspects concerning the level of complexity, system 
buying, organisational factors and dominant designs have to be examined carefully. In 
order to achieve this, an overall understanding of the SMB technology has to be 
developed and aspects regarding the risk for JPPL and the customer is to be analysed. 

 What buying behaviour is present at the target markets and how does it affect the 
commercialisation? 

4.2.3 Venture 

Internal business environment 

The organisation of JPPL has to be in the centre of discussion for a thoughtful break 
down of necessary aspects to take into consideration. The focus and core business of 
JPPL will for certain affect the commercialisation of the innovation. We have to 
identify into what direction and to what extent the focus and core business will 
manoeuvre the commercialisation process. 

Moreover the actual competence and resources that are available and may contribute to 
this process have to be identified.  

 How do focus, competence, resources and core business of the internal 
environment affect and contribute to the commercialisation? 

 
The commercialisation can give positive input to JPPL and strengthen its core business 
in terms of products and services offered. We also have to raise the issue regarding 
how the core business itself may be negatively affected by a possible 
commercialisation of the innovation. Both these scenarios and the possible subsequent 
impact on the future strategy of the company have to be considered. 

 May a commercialisation of the innovation vitalise and strengthen the core 
business products/services of the company? 

 Are there any threats to present core business products/services in commercialising 
the SMB-technology? 

 How does a possible commercialisation affect the future strategy of the company? 
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Establishing a venture 

If the innovation will pass through the commercialisation process, proving to be a 
potentially successful product we have to consider certain aspects regarding how to 
further introduce it on the market. We have in our model made the delimitations 
regarding how the product will be commercialised and will here focus on the creation 
of an venture. 

The necessary resources to successfully commercialise the product have to be studied. 

 What resources are necessary for commercialising the SMB-technology? 
 
It will for certain be resources within a wide range of different aspects as e.g. financial, 
competence and so forth. If we list the existing resources within the internal business 
environment (even parts within the external business environment, as the inventor etc) 
it will be evident which resources are missing and which we have to acquire. Another 
aspect is how to acquire these, which will have to be determined. 

 Which resources are missing and have to be acquired and how do we acquire these 
critical resources? 
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5 METHODOLOGY 
This chapter gives an explanation of our specific methodological 

approach, purpose of investigation, approach of investigation and the 

method used. The methodology is of great importance in order to 

provide the reader with information sufficient to judge the results in 

terms of validity and reliability. 
 

5.1 Methodological Approaches 

Within the field of business economics Arbnor & Bjerke (1994) distinguish three 
different methodological approaches. These are the analytical approach, the systems 
approach and the actor’s approach. 

The Analytical Approach 

The analytical approach is assuming that the whole is the sum of the parts. The 
knowledge attained in using this approach is believed to be independent of subjective 
opinions, since the reality is regarded as objective. The analytical approach is 
moreover representing clearly explanatory knowledge. 

The Systems Approach 

The systems approach is defining the whole as different from the summation of the 
parts, since the relationships between the different parts influence the whole in terms 
of positive and negative synergy. In practising the systems approach it is of great 
importance to focus on the totality of the system which is defined as the characteristics 
of the components and the combination of components. The knowledge attained is 
system dependent. The system approach is dominating in the Scandinavian economics 
research. 

The Actors Approach 

The actors approach is defining the reality as a social construction. The actors 
approach offers an understanding knowledge, derived from the social aspects and has 
no element such as explanation of the knowledge. 

Our Approach 

In this thesis we are practising the systems approach as we study the totality of the 
system in the commercialisation process. The quality of collaboration, linking the 
different elements studied, is affecting the overall commercialisation process. 
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5.2 Purpose of Investigation 

Lekvall & Wahlbin (2001) identify four different purposes of investigation: 

 Explorative. The explorative direction of study is mainly employed when there 
is no or very little knowledge of the domain to investigate. Often the specified 
research questions are vague. This direction is supposed to give the researchers a 
direction for future studies. 

 
 Descriptive. The descriptive direction of study is to be conducted when the 

problem description is well defined. The objective is plainly to describe the 
situation studied. 

 
 Explanatory. The explanatory direction of study is carried out when to identify 

relationships between cause and effect of observations. The observations are 
often delimited in quantity. 

 
 Predictive. The predictive direction of study should be utilised when the 

researcher want to execute a prognosis. The most essential relationships between 
cause and effect should be identified prior to this prognosis. 

 

Our purpose of investigation 

This thesis is covering several directions of study. In certain parts a descriptive 
direction is taken since we perform e.g. an environment scanning that is a thoroughly 
descriptive study. We further execute an analysis of gathered information where the 
direction mainly is explanatory, and finally we conclude the thesis with a prognosis of 
the commercial potential of the innovation. Lekvall & Wahlbin (2001) emphasizes that 
every direction of study demonstrate an increasing level of ambition according to the 
previous one, and achieving e.g. the predictive direction of study the researchers have 
to fulfil all the previous directions to some extent, which consequently supports this 
conclusion. 
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5.3 Approach of Investigation 

Three dimensions concerning the approach of investigation have been identified by 
Lekwall & Wahlbin (2001). One dimension is concerning the type of study executed, 
where the case study, the cross sectional study and the time series study are three 
different approaches. The second dimension is the characteristics of data gathered, 
where a distinction into either qualitative or quantitative data is made.  The third 
dimension is distinguishing the source of data gathered into either primary data, 
which is data collected specifically for the current investigation, or secondary data 
collected in previous research. 

Type of Study 

The case study is convenient for an in-depth and detailed analysis. An apparent 
advantage in conducting this kind of study is that the organisation examined often 
become more open to the researcher as confidence grows with time. The case study is 
often qualitative in respect to data and analysis. 

The cross sectional study implies that, the comparison of the components regarding 
the dimension in width, is in focus. The same questionnaire has to be given to all 
involved in the study and the result is often demonstrated in tables and diagrams. It 
gives an opportunity to draw conclusions of the group in focus and all parties involved 
in the study. The quality of the result is based upon the size of the selected group, what 
selection process used and the size of loss. The cross sectional study is normally based 
upon a rather large size of group. 

The main difference between the case study and the cross-sectional study is how the 
researcher analyse data. Since we are not obliged to complete the whole matrix in the 
case study we may go in depth on certain aspects. Data are normally however not 
presented in matrix form in a case study. 

Table 5-1 Cross sectional study versus case study 
Variable Case study 1 Case study 2 Case study 3 Case study 4 
1 X X X X 
2 X X X X 

Analyse of the matrix in a cross-sectional study 
 

Variable Case study 1 Case study 2 Case study 3 
1 X  X 
2  X X 
3 X   

Analyse of the matrix in a case study 
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In conducting a time series study the researcher examines components over time. The 
components studied are often limited in quantity. 

Characteristics of Data 

Quantitative data is possible to display in numbers and is consequently also analysable 
with mathematical and statistical tools.  

Collected qualitative data is not possible to display in numbers, in a manner, which is 
meaningful for the reader, according to Lekvall & Wahlbin (2001). 

There are two approaches of defining qualitative versus quantitative data, either 
regarding how the researcher codes the data, or how the researcher conducts the 
analysis. According to how the researcher conducts the analysis, an annual report will 
normally be defined as qualitative. The approach concerning how the data is coded, 
define it as quantitative. On a higher level of analysis all reports are qualitative. 

Source of Data 

Lekvall & Wahlbin (2001) distinguish two different methods of gathering qualitative 
data. The researcher either interviews or observes the individuals. The observation 
method is regarded as having a good reliability. There are however three different 
ways in completing an interview: by utilising a questionnaire, making a personal 
interview our by a telephone interview. 

 
Figure 5-1 Our approach of investigation 
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5.4 Our approach of investigation 

This thesis is focusing upon one case of commercialisation and is consequently a case 
study. No components may be compared between different cases since there is only 
one case to examine.  

The individuals within the organisation developed a rather high level of confidence in 
us as researchers, since the study was performed during a relatively long period of 
time. This is consistent to the theory presented earlier on. 

We have generated both qualitative data that is not quantifiable, and quantitative data 
in terms of numbers, during the study. The method of gathering qualitative data was by 
doing interviews and by observations of the individuals. A list of the most important 
interviewees, in order to complete our empirical study, is included in the references. 
Interviews have mainly been conducted as unstructured personal interviews, collecting 
the data by using direct and indirect coding. The direct coding refers to typing the 
answers simultaneously as the questions are raised. Our observations were 
unstructured, and we were participating observers, since we continuously were 
managing the evaluation project. We have further been both open and covered in our 
approach, depending on situation. The knowledge of the industry in focus, the product 
development process, as well as all other elements necessary in performing the 
empirical study, the analysis and the conclusions are primary based upon these 
continuous interviews and observations of the organisation and the external 
environment. 
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5.5 Criticism of the results 

Lekvall & Wahlbin (2001) have identified two dimensions regarding how to criticise 
the overall results achieved. Subsequently the quality of the final report is dependent 
on how well we achieve these dimensions of validity and reliability. 

5.5.1 Validity 

The validity concerns how well the research really has treated the qualities that were 
supposed to be treated. It is however difficult to precisely tell which level the validity 
has reached, as the measuring tools provided are rather subjective. 

We have had mainly three supporting parties who have continuously given us input 
and feedback regarding how well we have been focusing our report and our research 
questions. 

The managing director of JPPL has provided us with useful help and assistance in 
finding the right track during the execution of the commercialisation project focused 
on the SMB technology. Approximately once a week we have held a project meeting, 
treating all practical and daily issues that have previously been raised. Since the 
managing director was the initial employer and initiator of the decision to be taken, he 
has been able to continuously monitor the commercialisation process and to match it to 
the desired practice. 

During the project in Singapore our opponent from Linköping University has 
supported us on a weekly basis. The input given has been of such a quality that our 
direction of the thesis continuously has been modified to the better. 

Our supervisor at Linköping University has contributed with qualitative academic 
support in keeping our thesis within the scope that is set and in terms of structure, 
direction and content. Some changes have been made to maintain focus of the report 
and to satisfy the demand of the university. 
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5.5.2 Reliability 

Reliability is the dimension of quality regarding the aspect of how well the method 
used resists any influence of random. If the researcher is conducting the same survey 
numerous times the results given should be equivalent, if the method is of a high level 
of reliability. 

Since our study has been carried out during a relatively long period of time, we have 
had the possibility to double check the results several times before drawing any 
conclusions. This observation approach should result in a rather high level of 
reliability as the individuals’ motivation, the personal chemistry between the 
researcher and the individual and the approach towards the individual may vary over 
time. 
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5.6 Main method of the thesis 

In this thesis we have employed the research process method that Lekvall & Wahlbin 
(2001) have described. These authors’ research process is mainly intended to work as a 
support tool, which is to provide the researcher a logical sequence of tasks to perform. 
The steps taken in the process generate documents, and the links connecting the steps 
are equivalent to actions taken. The actions are however the underlying reason of the 
documents being produced. 

 

Figure 5-2 Main method of the thesis, based upon model of Lekvall & Wahlbin (2001) 

 
 
We will here present our process description and the documents created due to 
activities performed. The activities are also to be found as arrows in Figure 5-2 above. 

Before leaving to Singapore 

The assignment was given to us by the managing director of JPPL as the result of an 
interview in Sweden. We were introduced to the underlying decision problem, and a 
pre-study of the specific industry was carried out. As the decision problem was defined 
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in accordance to the situation at that time, we started our pre-study on a broad basis. 
Before leaving Sweden for Singapore, our work had a technical focus. We had intense 
contact with e.g. Måns Lundh, Ph.D. in Water and Environmental Engineering, since 
we studied the flow structure in Dissolved Air Flotation tanks, which is a technology 
in close relation to the SMB technology. We had extensive discussions with our 
supervisor at the Linköping University in order to prepare the academic framework as 
well as other aspects associated to the academic thesis. 

We are here subsequently introducing the documents that were produced in this phase. 

Background 

The introduction chapter presents a background, which includes the problem given by 
the employer. JPPL had the intention to investigate the potential of commercialising a 
water purification innovation for the market in Singapore. 

The purpose of the thesis 

The background generated the purpose, which was defined as to study preparation for 

the commercialisation process, design a preparation model for commercialisation of 

industrial innovations, and to prepare the commercialisation of the SMB technology 

for the market in Singapore. This was subsequently brought down into three different 
objectives: 

 To design a preparation model for commercialisation of industrial innovations 

 To evaluate technological, commercial and investment aspects of the SMB-
product for the market in Singapore 

 To generate recommendations for commercialisation of the SMB-product 

 

In Singapore 

As we continued our assignment in Singapore we commenced managing the 
evaluation project. We collected data during our field studies by conducting interviews 
and by observations. Much effort was spent upon conducting designs for filtration 
tanks for the SMB technology. The designs and related aspects were profoundly 
discussed with Måns Lundh, mentioned above. As a consequence of juridical 
discussions with the representative of the inventor we however concentrated our 
further investigation primary upon the aeration application. We designed a SMB 
system for aeration testing and conducted the necessary pre tests in order to collect 
data for further analysis. The internal organisation at JPPL, our consultants, the 
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representative for the inventor and investment analysts at MVI (discussed further in 
the Establishing a venture chapter) were our main collaborators. We are here 
subsequently introducing the documents that were produced in this phase. 

Elements in focus 

In order to clarify the most essential elements for this thesis, we here introduced 
characteristics of the employer and the innovation. This approach was chosen, since 
our readers should be familiar with these elements prior to the specification of the task. 
An early identification of the elements in focus will also provide us as researchers with 
a better understanding in how to focus our literature review. 

Frame of reference 

The frame of reference is a compilation of the literature review necessary, in designing 
a preparation model for commercialisation of industrial innovations in accordance to 
the objectives, in conducting a useful specification of the task and subsequently the 
analysis. The review is treating new product development literature and core theories 
in accordance to our problem background and purpose of the thesis. 

Model for preparation of commercialisation 

With the theories presented in the frame of reference as base, a model for preparation 
of commercialisation, entitled “The propeller of commercialisation” is introduced. 
This model is facilitating the execution of such preparations in specific industrial 
cases. 

Specification of the task 

Starting with a problem discussion, which included the issue of identifying all 
necessary aspects for making a strategic decision of whether commercialise the SMB-
technology or not, and subsequently how to proceed a possible commercialisation 
process was here presented. In the specified research questions chapter we utilised our 
propeller of commercialisation as a framework to track issues connected to our 
problem discussion. In accordance to this breakdown we presented the specified 
research questions that the thesis should give answers to, in order to achieve our 
overall purpose. 

Choosing approach and method 

We have in this chapter explained our specific methodological approach, purpose of 
investigation, approach of investigation and the method used. The methodology is of 
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great importance in order to provide the reader with information sufficient to judge the 
results in terms of validity and reliability. 

Empirical study 

The methodology introduced the manner of collection of data. In this chapter the 
collected empirical data is presented and analysed by following the Propeller of 
Commercialisation and with the specified research questions in mind. 

Analysis 

The use of the Propeller of Commercialisation in the commercialisation preparation of 
the SMB technology is here analysed to provide an evaluation of the model. 

Conclusions and recommendations 

Conclusions and recommendations derived from the empirical study are here 
presented, and will conclude the thesis. 

Back in Sweden 

As we came back to Sweden we worked on the final thesis by making the context 
clear, consequent and academically correct. The thesis was finally presented at the 
Linköping University in accordance to the academic procedure. The thesis in your 
hand is consequently the result of this described process. 
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5.7 Sources of error 

Our study has passed through several steps in order to achieve the purpose of the 
study. We will here study possible sources of errors that may have distorted the result. 
Lekvall & Wahlbin (2001) have classified these into groups, and we will discuss the 
aspects in perspective of this thesis. 

Decision analysis 

The purpose of a study is of crucial importance in aiming for the right information, 
which the employer actually has a need for. If the purpose is not in accordance with 
this need, the study has no natural function since the relevance of the result may be 
null. The information exchange concerning the purpose of the study between the 
employer and the executor may be the underlying reason for an inaccurate purpose as 
well an incorrect decision analysis. 

The purpose of this study has continuously been discussed with the employer JPPL. 
This close contact has hopefully resulted in pursuing the actual purpose and the 
objectives of this project. 

Specification of the task 

A wrong direction and content is a potential source of error when conducting a study. 
Normally the specification of the task and its delimitations may be incorrectly defined. 
A common effect is that the issues raised are not covering the whole purpose of the 
study. 

Our specified research questions have been reanalysed several times in respect to our 
purpose. The questions have profoundly been discussed and adjustments have been 
made with the intention of achieving a close correspondence to the purpose. 

Choice of investigation approach 

The errors due to an incorrect choice of investigation approach may be divided into 
three groups of different causes. The researchers may have done an incorrect selection 
of interviewees in accordance to the actual population to investigate, the number of 
interviewees is not corresponding to the real need of the investigation, and finally the 
interviewees may not be representative to the selected population to investigate. 
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There is definitely a risk in conducting a research upon only one commercialisation 
project and then trying to generalise the results regarding to our designed model. We 
are however conscious of this and will not draw any conclusions further than possible. 

Collection of data 

The collection of data may give incorrect results since the respondent is not able or not 
confident in presenting the right information, the questionnaire may be inaccurately 
designed and the researcher herself may influence the respondent in giving a particular 
answer. 

These are certainly potential sources of error which is of great difficulty to control, 
especially when the interviews have been conducted without any monitoring of 
external parties as it is in our case. 

Compilation, analysis and interpretation 

Errors due to an incorrect compilation of data occur when the information is to be 
compiled from the e.g. questionnaires. The more complex task of analysing and 
interpreting the data may with great risk deform the results of a study. The methods of 
analysis have a firm impact on these results and should be selected carefully. 

The methods of analysis used in this thesis are of strict mathematical nature, and the 
results should consequently be in accordance to the industrial reality where the 
information is gathered. The underlying logic is however our own, and subsequently 
our arguments should be examined in order to secure the quality of the results. 
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6 EMPIRICAL STUDY 
In this chapter the collected empirical data will be presented and 

analysed by following the Propeller of Commercialisation and with 

the specified research questions in mind. This shows how the 

Propeller of Commercialisation can be applied to prepare 

commercialisation of industrial innovations, and provides a base to 

determine the appropriateness of the model. 

 

6.1 Technology and applications 

 

Study the functionality of the technology and examine 

possible industrial applications to enable a later evaluation 

concerning what applications to target when preparing the 

commercialisation of the innovation. 
 

6.1.1 Technology 

The function of the SMB technology is to introduce infinitesimal gas bubbles in liquid. 
This is done through a system consisting of two main parts: the SMB-generator and 
the SMB-system. These are legally protected by two separate patents.  

In the SMB system, gas is introduced and mixed in the liquid under pressure. The 
liquid is thereafter passed through the generator, which releases the pressure. When 
this is done, a high amount of small gas bubbles are formed in the liquid. When 
passing through the generator, these bubbles are further split up into even smaller 
bubbles. 

The SMB-system claims to eliminate the identified problem of efficiently mixing air 
and water which often occur in other air-water mixing systems according to the 
inventor. The cause is mentioned to be that air has a different pressure than the liquid 
in such a system. 

The SMB-generator is claimed to be more efficient in producing small gas bubbles in 
water than conventional technologies. Basically the SMB generator is decreasing the 
gas bubble size in two subsequent steps as the bubbles are crushed in narrow flow 
passages into the SMB-generator. 

A detailed description of the technology is found in respective patent in Appendix 1. 
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6.1.2 Applications 

To find the application areas with the greatest commercial potential, the possible 
applications for the SMB technology will first be explored.  

The inventor representative has initially supplied a list of possible applications for the 
SMB technology: 

1. Sewage waste water 
2. Tertiary treated water re-use 
3. Seawater desalination pre-treatment for RO 
4. Surface/brackish water (lakes and reservoirs) for potable water 
5. Industrial wastewater treatment 
6. Oil/water separation and oil recovery 
7. Clean water for industrial use 
8. Ozone disinfections for ballast water, swimming pools, food industry 
9. Ozone and oxygen therapy for medical, health and sports injury recovery 
10. Ozone and oxygen in drinking water industry 
11. Fermentation industry 
12. Aqua-farming 
13. Recovery of fiber, pulp processing and removal of heavy metal 

 
 

With this as basis the various possible applications will be further explored. 

6.1.3 Gas transfer and physical separation 

The small size of the SMB bubbles has certain beneficial effects on the performance of 
the potential systems utilising the SMB technology. These effects can roughly be 
categorised into two main areas: gas transfer and physical separation.  

 
Gas transfer is dealing with transferring different kinds of gases via the bubbles to the 
liquid. The gas transfer efficiency is highly dependent on the bubble size, since a 
smaller bubble size results in a bigger total gas-bubble surface area, assuming a fixed 
introduced volume of gas. The gas transfer is increasing with the increase of contact 
area between bubbles and liquid. The bigger area also increases the friction between 
the bubbles and the liquid, which decreases the rising speed. This increases the contact 
time and thus the gas transfer from the bubbles. The gas transfer efficiency (in relation 
to introduced volume of gas) is thus increasing with the decrease of bubble size. Gas 
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transfer can be applied in a number of different areas. Some potential applications are 
summarised in Table 6-1. 

Table 6-1 Gas transfer applications 
Application Gas Remark 
Aeration of sewage/water Air/oxygen To achieve bacteriological reaction 
Disinfection Ozone Ozone can be used as disinfectant 
Oxidation of water pollutants Ozone Ozone is a powerful oxidant 
Medical treatment Oxygen/ozone To heal or disinfect unhealthy skin 
 

 
Physical separation is the other main application area for the SMB technology. Due 
to the small bubble size and the big amount of bubbles rising in the SMB water, the 
bubbles will act as a physical filter when introduced into a liquid to be treated. In this 
application area the SMB technology acts as a development of the widely used 
Dissolved Air Flotation (DAF) technology. When the bubbles are introduced into a 
liquid, contaminating particles will be attached to the bubbles and then follow the 
rising bubbles to the surface, where they can be removed by various means (e.g. 
scraping or overflowing surface liquid). The relatively smaller bubble size for the 
SMB technology, in comparison with conventional DAF, makes the SMB technology 
act as a filter with finer filtration result. Some applications utilising the filtrating effect 
are summarised in Table 6-2. 

Table 6-2 Physical separation applications 
Application Remark 
Filtration of industrial water Treatment of industrial waste 
Pre-filtration for potable water Pre-treatment for potable water process (membranes) 
Oil/water separation Recovery of oil 
Aqua-farming Filtration to remove waste from aqua-farming water 
 

 
Apart from air and oxygen, ozone is regarded to be the most interesting gas to transfer 
to a liquid. Transferring ozone to water has three main effects; ozone is a powerful 
oxidant, is disinfecting and acts as a flocculent. It can therefore be used for medical 
treatment, disinfection of water and oxidation of pollutants in sewage and water. 
Ozone applications are though not targeted in this evaluation, as discussions between 
the PUB and our technical consultant professor Koe has shown that the PUB has 
declared that they are presently phasing out ozone applications in their processes and 
are thus not interested in implementing new products utilising ozone. Ozone is further 
expensive to produce and can have hazardous health effects. 
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6.2 Market structure 

 

Within what industry context will the innovation exist and 

what markets segments or niches exist? Execute an industry 

definition and market segmentation. What are the major 

macroenvironmental forces, affecting the market? 
 
 
As determined in the literature review, it is very important to clearly define the 
targeted industries when preparing a commercialisation. A market segmentation will 
therefore be done to enable a clearer focus on the relevant industries for 
commercialisation. 

6.2.1 Market Segmentation 

According to the literature review, a market is formed by all potential buyers that have 
interest in the market offer. With consideration to the many possible applications of 
the SMB technology, the market in this case is very diverse, ranging from medical 
treatment and beauty applications via shrimp farming to wastewater treatment and oil 
recovery. To achieve some structure of the SMB commercialisation possibilities, a 
market segmentation will be performed. The most common basis of segmentations, i.e. 
using the customer derived benefits as basis, will be used in this segmentation. There 
are three main market segments for SMB: community water treatment, industrial water 
treatment, and therapeutic applications. 

Water treatment industry 

The segment includes treatment of water in big scale. The SMB technology would 
here constitute an important part of the core operations of the customer. The customer 
benefits gained are primarily aeration/oxidation of water pollution, disinfection to 
extinct bacteria, and separation of water from pollution or other substances. 
Applications included in this segments are: 

 Sewage waste water treatment 
 Tertiary treated water re-use 
 Seawater desalination pre-treatment for RO 
 Surface/brackish water (lakes and reservoirs) for potable water 
 Ozone and oxygen in drinking water industry 
 Clean water for industrial use 
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Industrial water treatment 

The industrial segment generally deals with smaller applications, and the SMB 
technology would primarily be a facilitating tool to perform the core operations that 
are normally within other areas than water treatment. The benefits derived for the 
customer are mainly separation of water from pollutants and other substances, as well 
as disinfection. Applications included in the segment are: 

 Industrial wastewater treatment 
 Oil/water separation and oil recovery 
 Ozone disinfections for ballast water, swimming pools, food industry 
 Fermentation industry 
 Aqua-farming 
 Recovery of fiber, pulp processing and removal of heavy metal 

 

Therapeutic applications 

This segment targets medical, health and beauty applications and is of a very different 
focus than the previous introduced segments. Customer benefits are manly 
disinfection, oxygen treatment and “bleaching”. Customers are found within hospitals, 
spas and health clinics. Targeted applications are: 

 Ozone and oxygen therapy for medical, health and sports injury recovery 

6.2.2 Macroenvironmental forces 

Singapore is industrialised and very densely populated. There is therefore a high 
demand on clean water, both from private consumers and industry.  The natural water 
supply is further limited because of the small size of the country, meaning that water 
has to be imported from Malaysia or reused. The political problems with Malaysia has 
though created a wish for Singapore to be self supplying with water. The society is 
further highly developed and there is a functioning legal system, with little corruption. 
The presence of big food and oil industry also creates a demand for treatment of 
industrial waste, such as cleaning water from food processing or oil recovery from 
water in oil refinery. 
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6.3 Internal environment 

 

Analyse the internal environment of commercialisation 

venture. Aspects to consider are competence, resources and 

management focus. This highly influences what applications 

are suitable to target during a commercialisation. 
 
 
According to our preparation model, the internal environment is of great importance 
and thus has to be considered when preparing commercialisation. What are the 
resources, culture and structure of the venture? In the case of SMB commercialisation, 
it is somewhat unclear what is the venture that should be analysed. Either Johnson 
Pacific can be the commercialising venture, or an entirely new venture can be formed 
to operationalise the commercialisation. Therefore it is complicated to examine e.g. 
structure of the venture, since it is not quite clear what form the venture has. The 
resources can though be evaluated, and to some extent the culture. 

In the case of SMB, internal environment can be considered to exist within Johnson 
Pacific, but also within MVI and the inventor’s network. Because of the presently 
unstructured situation, all these actors are treated as a possible future “internal 
environment”. JPPL has an existing project network, built up through its previous 
operations within its competence areas. Johnson Pacific Pte Ltd is specialised in 
construction and maintenance of water, wastewater and air handling resources in 
Southeast Asia and these operations are carried out in the form of independent 
projects. An operational competence within these areas are therefore available within 
JPPL, as well as a project organisation. Throughout its previous core operations, JPPL 
have also often acquired outside competence from subcontractors, engineering firms 
and independent consultants to carry through its projects. Much of the required 
competence and network for the commercialisation is thus available through JPPL and 
its subcontractors. Furthermore, Rickard Högberg, JPPL’s managing director, has big 
knowledge about the specific markets and present applications.  

The inventor, his representative and research network have important knowledge about 
the functionality of the specific invention and of possible alterations. These parties 
also have resources for manufacturing of the SMB equipment. 

MVI primarily have resources regarding venture capital, knowledge about start-up 
operations and extensive general industrial experience.  
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The main focus of JPPL operations is big-scale treatment plants, constructed on 
contract basis as unique projects. It is also within these fields that the company has the 
most experience. Targeting of smaller applications is generally not the focus of the 
company, but since the organisation is built up as a project organisation, it is flexible 
to pursue any opportunities that could be profitable. The managing director Rickard 
Högberg is to a big extent determining what business opportunities to pursue, and 
Högberg is flexible and interested in projects that have future potential. Our opinion 
together with Högberg’s is that the most interesting applications for SMB 
commercialisation are within the main competence and experience areas of JPPL, i.e. 
big-scale water and wastewater purification plants in Singapore.  
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6.4 Evaluation point 1: Applications to target 

A strong specialisation within JPPL is construction of wastewater treatment plants. 
The situation concerning water supply is further interesting, due to the sensitive 
political situation and high demand from industry and population. One targeted 
application for the SMB commercialisation is therefore sewage wastewater treatment 
within the water treatment industry. Within this industry, the most interesting niche is 
sewage aeration because of the high energy costs for conventional aeration. 

A closely connected area is pre-treatment of water to be processed to potable water. 
Also this corresponds to the business characteristics of JPPL. The influent to the 
potable water process is the effluent from the sewage treatment plant. To further 
reduce this pollution level before further treatment may be an interesting SMB 
application, since the government currently is spending huge amounts of financial 
resources within this area, focused especially on new plants for potable water in 
Singapore. 

In this study, the focus will therefore be to explore the opportunities for the SMB 
technology to be commercialised on the market of sewage aeration and pre-treatment 
of industrial/potable water. 
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6.5 Application concept development 

 

A specification of the targeted applications to define the 

application concepts. The technical characteristics and 

functionality should be examined with consideration to 

interesting applications. 
 
 
In treatment of sewage and industrial water, biological treatment with bacteria is an 
important part of the process. This process involves allowing bacteria consume organic 
pollution present in the sewage or water. To achieve this effect, a sufficient amount of 
oxygen has to be available for the bacteria; otherwise these aerobic reactions will not 
take place and instead be replaced by unwanted anaerobic reactions. The small size of 
the SMB bubbles could provide an efficient transfer of oxygen to the water. This could 
either be done by introducing air bubbles into the sewage or water, or by introducing 
bubbles containing pure oxygen.  

The big amount of bubbles in the process water when using SMB, resulting in a big 
total surface area on the bubbles and thus increasing the transfer rate, supposedly 
provides a higher efficiency of the compared system to conventional systems. 

Conventional aeration is performed in big basins with diffusers blowing air bubbles 
into the water. The diffusers are situated at the bottom of the basin. SMB bubble 
generators, connected in series, may replace these. The supposedly higher oxygen 
transfer efficiency of these can thus decrease the high energy consumption for the 
aeration process. 

Another interesting application for SMB is as pre-filtration for MF/UF, treating 
sewage treatment plant effluent. The problem for the existing MF/UF equipment is 
that with time the membranes clog up due to biological fouling and physical clogging. 
Adding a tank with SMB generators prior to this process can reduce the costs for the 
clogging of the membranes. The big amount of infinitesimal bubbles in process water 
have a pollutant reducing effect on the water, by physically filtering small particles in 
the polluted water. Sewage treatment plant effluent has normally a SS level of 10-20 
(measuring on the physical pollution; the discharge limit is 30). If this level can be 
lowered significantly by first using SMB in the process, costs can be cut in the potable 
and industrial water purification processes. 
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SMB can be considered to be a further development of the commonly used DAF 
technology. For both applications, the interesting characteristic of SMB is the very 
small size of the bubbles produced. In the case of aeration, this increases the oxygen 
transfer and in the case of pre-treatment this creates a fine filter that does not have 
problems with clogging and fouling as physical filters have, e.g. membranes. 
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6.6 Market concept 

 

Execute a scanning of the task environment to provide an 

overview over the present situation. Examine also customer 

buying behaviour and what impact this has on the future 

commercialisation. 
 
 
The wastewater treatment market is dealing with great quantities, meaning that 
achieving savings in this process would equal to substantial earnings for the 
wastewater industry and thus also for Johnson Pacific. The total market of wastewater 
treatment in Singapore is in 2001, according to the PUB’s web site, 467 million m3. 
This is also the area where JPPL has the most competence.  

Pre-treatment of potable/industrial water is an interesting area with presently relatively 
high costs for treatment. It is further at the moment a strategic political issue in 
Singapore, due to arguments between Singapore and water supplying Malaysia. 
Savings achieved in the potable water purification process could help reduce the need 
for imported water. PUB should therefore be very interested in reducing the costs for 
the treatment process. 

The most interesting parts in the external task environment that we see in the case of 
SMB commercialisation are customers, government, competitors and suppliers. 
Because of the special kind of market that the water treatment business in Singapore 
constitutes, some of these entities play different roles in different contexts. The 
government provide strict rules and regulations for the entire business and is an active 
part also in supplying permits to involved parties. But the government is also in a way 
the main final customer, since all water treatment plants are owned by them, and 
controlled by PUB. The Public Utilities Board (PUB) is the governmental authority 
that is responsible for providing the Singaporeans with potable water. 

The PUB water system embraces treatment works, raw water and storage reservoirs 
and a network of pipelines. 

The complications with Malaysia regarding water agreements, global uncertainties and 
the threat of terrorist acts have resulted in a very strict strategy towards PUB’s external 
elements. The water supply network is guarded by armed forces and PUB’s internal 
organisation is difficult to penetrate in search for information or in establishing 
business relations (See also the Background chapter – Water supply). 
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Though in the complex water business, not only PUB as a final customer is interesting. 
The market structure is based on main contractors and sub-contractors. The main 
contractor has the contract with PUB and is therefore the supplier to PUB. But also the 
main contractor has suppliers.  

6.6.1 Technological uncertainty 

According to our technical consultants Aromatrix, the dominant technology for 
sewage purification is currently aeration, using bacteriological treatment. According to 
Högberg, this is today also the cheapest way to purify sewage, which contain high 
amounts of BOD (biological pollution). Though, new technology is appearing in the 
industry. Membrane bio reactors (MBR) is a relatively new technology that is able to 
handle both the aeration stage and the clarification stage of the sewage treatment 
process, and to a lower cost. Biological treatment using aeration is though dominant in 
existing plants. We estimate that a rapid change to MBR is unlikely because of the 
high investment costs required to transform existing treatment plants to MBR plants. 
Commercialising SMB as aeration with the aim to replace old aeration systems should 
therefore be interesting, because it does not have to require too extensive 
modifications of the existing system. Though, to target new treatment plants could be 
challenging because of the competition from the compact and relatively cheap MBR 
systems. 

6.6.2 Buying behaviour 

SMB is in itself a fairly simple product, but as part of an aeration system, the overall 
functionality is quite complex. The performance depends not only on the SMB system 
and the bubbles, but also on e.g. tank design, level of existing bacteria and pollution, 
temperature, and amount of sunlight. According to the literature review, buying 
decisions regarding complex systems demand more attention from the customer, and 
also imply a higher risk. The buying decisions are further rarely totally objective in 
this kind of situations, because of the complex dependencies and the present 
difficulties to compare different systems. To facilitate a successful commercialisation, 
an attractive market offer that is easy to understand and which involves a minimum of 
risk for the customer, has to be performed. 
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According to JPPL managing director Högberg, system buying is very common in the 
water industry in Singapore. When constructing a new plant or acquiring a new 
system, PUB will offer the project to a main contractor as a system purchase. The 
main contractor will further need parts of the project to be executed by sub-
contractors, and these parts normally consist of sub-systems to the overall system, and 
this step therefore also have the characteristics of system buying. 

To minimise the risk of the customer, the SMB technology should therefore be offered 
to the market as a complete system (or sub-system), where the functionality is 
guaranteed by the commercialisation venture. To further decrease the risk, one 
approach could be to offer the customer only the functionality of SMB. By installing 
the technology in the existing system and taking the costs for this and then charging 
the customer a running fee, would decrease the risk for the customer and thus make the 
market offer more attractive. The risk for the commercialisation venture would though 
increase significantly. To limit this risk, the contract regarding the operation of the 
system has to cover a period long enough to ensure pay-back of the installation costs. 
The offer further has to imply a certain cost reduction for the customer to create 
customer value to the extent that makes the offer interesting, but the calculated 
marginal income for the commercialisation venture must cover actual running costs 
and installation costs, as well as costs for possible problems during installation and 
operation. By this design of market offer, the final cost for the customer will be 
slightly higher because of the necessary ‘risk premium’ for the supplier, but the 
experienced complexity and risk for the customer are decreased significantly, thus 
increasing the attraction of the offer. This can be considered as a more advanced form 
of system selling, where also the operation of the system is included in the system. 
This also decreases the need to extensively prove the functionality and performance of 
the system to the customer. Though, for the commercialisation venture it is highly 
important to make a detailed and exact performance evaluation to enable accurate 
calculations regarding the price of the service. 

6.6.3 Organisational factors 

With the main customer, the institution PUB, the buying function is very centralised 
and often based on long-term contracts. The sensitive political situation concerning the 
water supply makes PUB careful in choosing partners for new projects. 
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6.6.4 Dominant designs 

Projects concerning PUB plants have very detailed specifications of the conditions that 
have to be fulfilled by the suppliers of these systems. Within aeration, the existing 
aeration tanks can be seen as a dominant design. Alterations of these big tanks are very 
expensive. Regarding the aeration equipment though, no dominant design exists. The 
important aspect is therefore to assure a good fit between the SMB technology and the 
aeration tank. Concerning pre-treatment, the product would constitute an additional 
step in the process and no dominant designs have to be taken into consideration.  

 



Empirical study 
 

 

 77 

6.7 Legal commercialisation concept 

 

Legal concepts for commercialisation and intellectual 

property protection must be considered to prevent future 

legal problems during commercialisation. 

 

6.7.1 Patent 

Two different patents are protecting the SMB-technology, the SMB-generator patent 
and the SMB-system patent. 

SMB-generator patent 

The SMB technology is patented in the U.S. at the Patent and Trademark Office (PTO) 
the first of June 2000. In the official patent document the SMB invention is entitled 
“Bubble generating apparatus”. The SMB invention is registered in the inventor 
Chang, Tsun Shin’s name and holds patent number 6,293,529. Chang is a Taiwanese 
citizen. 

The patent document includes background, a summary, claims, drawings and a brief 
description of these drawings. Six different references are cited, ranging in time from 
the first patent dated 1864 in U.S. to the last patent dated 2000 in Sweden. 

The abstract of the invention patent says: 

“A bubble generating apparatus includes a hollow shell having a plurality of bottom 
inlets through and a side outlet, a screw rod longitudinally mounted in the shell, a 
baffle threaded onto one end of the screw rod and suspended inside the shell above the 
bottom inlets, the baffle having a plurality of smoothly arched bottom notches for 
baffling intake flows of high pressure liquid to produce bubbles, and a knob fastened 
to one end of the screw rod outside the shell and rotated to move the baffle along the 
screw rod relative to the bottom inlets.” 

The invention is claimed to be more efficient in producing small gas bubbles in water 
than conventional technologies. Basically the SMB generator is decreasing the gas 
bubble size in two subsequent steps as the bubbles are crushed in narrow flow 
passages into the SMB-generator. 

See patent document in appendix 1 for further details.  



Preparation for Commercialisation of Industrial Innovations 
 

 

 78 

SMB-system patent 

The general SMB-system that includes a high-pressure tank, which is further installed 
and connected to the SMB-generator, a water pump and to a venturi tube/air valve, is 
as well patented in the U.S. at the Patent and Trademark Office (PTO). The SMB-
system is registered by the same inventor as mentioned above, Chang, Tsun Shin, and 
holds patent number 6,264,174. The patent was filed the 4th of January 2000. 

The patent describes how the liquid is held in the high-pressure tank and further 
returned back to the pump for entering the high-pressure tank once more. In the return 
flow, between the high-pressure tank and the pump, a venturi tube/air valve is installed 
which provides the liquid with air by self-suction. 

The patent claims to eliminate the identified problem of efficiently mixing air and 
water which often occur in other air-water mixing systems according to the inventor. 
The cause is mentioned to be that air has a different pressure than the liquid in such a 
system. 

Twelve different references are cited in the patent document. These different patents 
are all filed in the period of 1935 to 2000. The patent for the SMB inventions will last 
for 20 years from the filing date, the first of June 2000 respectively January 2000. The 
patent gives the patent holder “ ‘the right to exclude others from making, using, 
offering for sale, or selling’ the invention in the United States or ‘importing’ the 
invention into the United States”. 

According to the representative of the inventor in Singapore the U.S. patent will have 
sufficient power to protect the SMB-technology worldwide. In contradiction to this 
statement the SMB-technology has also been patented in Taiwan, China and Japan 
according to this same source. 

Several international trade and commerce organisations have for a long time been 
promoting a simplification and a better protection of patents globally. E.g. the World 
Trade Organisation’s (WTO) Agreement on Trade-Related Aspects of Intellectual 
Property Rights (TRIPS), the Patent Cooperation Treaty (PCT) and the European 
Patent Convention are the result of the work to achieve this aim. These agreements 
though do not provide any possibility to patent any invention globally by a single 
application. To achieve global protection for the invention, every interesting market 
has to be treated separately. The SMB patent is thus not valid globally, but only in the 
markets that have been selected by the inventor.  
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6.7.2 Implications for the venture 

In case of a commercialisation of SMB, relevant patents must be owned by the 
commercialisation venture, according to both the investors (Lind) and JPPL 
(Högberg). The other alternative would be to have a legally binding licence agreement 
concerning the commercials exploitation of the technology. The problem with this 
would though be to create a sufficient confidence in this agreement with the investors. 
Fully venture-owned patents would though increase the security for the investors in the 
venture, and this design would therefore increase the chances to obtain venture capital. 
To make this proposal interesting to the inventor, a substantial ownership in the 
venture must be offered to him in return for the patents. Though, if the patents would 
be incorporated into JPPL, and the inventor would be offered an ownership in JPPL, 
the relations would become complex. The question then arises, what part of the 
revenue comes from the SMB project and what part comes from the many other 
projects within JPPL? To secure a fair ownership structure, a new venture must 
therefore be constructed.  

6.8 Evaluation point 2: Market and business concept 

Interesting customers to target could be both PUB as the only final user within 
Singapore, but also other companies acting as main contractors to PUB. Most 
preferable would be to achieve the position as main contractor with direct contact with 
PUB. One approach to minimise the uncertainty in regard to the customers would be to 
offer a total system, including installation and operation of the aeration respectively 
the pre-treatment function. A new venture further has to be founded for execution of 
the commercialisation and relevant patents must be incorporated within this venture. 
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6.9 Diffusion factors 

 

How do the characteristics of the product concept affect 

anticipated diffusion of the innovation? Consider the 

diffusion factors to ensure a high diffusion when 

commercialising the innovation. 
 
 
The aspects treated in the theories of diffusion determine what level of diffusion the 
innovation will achieve. To consider these factors before designing the actual product 
can help to achieve a high diffusion of the innovation, which is to be commercialised. 

Relative advantage 

The driving force for creating customer value is the relative advantage that the 
innovation offers. A sufficient relative advantage thus has to be determined. This 
relative advantage also has to be communicated to the customer. The relative 
advantages with the SMB technology is the supposedly lower energy cost for 
performing the aeration task when dealing with biological purification of wastewater 
and the saved costs due to decrease in biofouling in membranes when producing 
industrial and potable water. 

Since the relative advantage is so important as a creator of customer value, the actual 
relative advantages to the customers have to be determined. To do this, both the 
dominant customer values and the performance of the technology have to be examined 
further. The customer values are discussed in the chapter Market concept and the 
performance of the technology is evaluated in the chapter Product performance 

evaluation. 

Compatibility 

As mentioned in the frame of reference, the compatibility can relate to different 
aspects of the innovation. Concerning SMB, we see two different main aspects; 
functional and architectural compatibility. The functional compatibility is a measure of 
to what extent the principle of the innovation is consistent with previous ideas and 
applications. The architectural compatibility deals with how compatible the actual 
technology is in relation to existing system, i.e. how well the technology acts as a 
component in the overall system. 

When implemented as an application for aeration, our opinion is that the functional 
compatibility between the SMB technology and traditionally used technologies is high, 



Empirical study 
 

 

 81 

especially in comparison to air diffusers. The task of the application is to transfer 
oxygen from the gas bubbles to the water (to be absorbed by the bacteria). This is quite 
similar to a traditional diffuser. The difference is that the gas bubbles produced in the 
diffuser are significantly bigger than the bubbles produced in the SMB system. 
Another difference is that when using diffusers, only air is used in the blower system 
and the interface between air and liquid is between the diffusers and the tank. In the 
case of SMB, the interface is within the SMB system. The main functional principle is 
though the same. Also the architectural compatibility is high when comparing to 
diffusers. Existing aeration diffuser systems have pipes and blowers placed at the 
bottom of big aeration tanks. This is similar to how the SMB aeration technology 
would be implemented, with the SMB generators placed at the bottom of the existing 
tanks.  

When comparing SMB to surface aerators, both the functional and architectural 
compatibility is lower. The functionality with surface aerators is quite different and the 
aerators are placed at the surface, and not at the bottom as in the case of SMB aeration. 

For commercialising SMB as a wastewater aeration application, the greatest 
compatibility would therefore be achieved when targeting replacement of different 
kinds of diffuser aerators. These aeration systems could be replaced in the existing 
tanks and would therefore not require too extensive modifications of existing plants. 

In the case of commercialising the SMB technology as a pre-treatment for potable 
water, the task for the innovation is to prevent clogging in the membranes that perform 
the main filtering. SMB would therefore make up an additional step, situated before 
the existing membranes. In this case it would therefore not replace an existing 
technology, but act as an addition to the system. We judge the functional compatibility 
for this application to be high, since the principle of pre-treatment is quite simple, i.e. 
to pre-filtrate the influent to prevent clogging in the expensive membranes. The 
architectural compatibility is though lower, since the implementation of the technology 
would require an additional tank, which involves both construction work and more 
space than before. 

Another aspect of the compatibility of the SMB pre-filtration technology is that the 
innovation is based on a very well known principle of separation, the DAF technology. 
To describe the SMB pre-filtration as a development of the DAF technology would 
increase the understanding and thus facilitate the adoption of this application. 
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Complexity 

We consider the complexity of the SMB technology to be quite low. The main 
principle of the system is easy to understand and the actual implementation is quite 
easily made since the system consists of just a few specialised parts, the rest of the 
system consists of ordinary plumbing and pumps. The most complex aspect of the 
system is the necessary adjustment of bubble size through manipulation of the 
generator and pump pressure and flow. Though, when having achieved optimal bubble 
size, no more adjustments have to be made to run the application. Also the “black box” 
construction of the generator increases the complexity of the system. If seen as a part 
in the bigger aeration system though, the complexity is further increased. The 
implications of this and a suggestion how to reduce the impact of this complexity has 
been discussed above in buying behaviour. 

Trialability 

The SMB technology is a modular technology, with the basic configuration consisting 
of one generator, one pump, one air injector and necessary plumbing. Full-scale 
systems are made up of several connected basic systems, but with a common big pump 
and air injector. This architecture makes the technology highly trialable, since only one 
basic system can be used to evaluate the technology, and this will still achieve the 
same results and characteristics as in a full-scale application. This is true for both the 
aeration and the pre-filtration applications. The aspect limiting the trialability is the 
difficulty to achieve conditions similar to the full-scale conditions concerning tank 
design and size, and these aspects can affect e.g. aeration capacity in a full-scale 
application. 

Observability 

The observability for the aeration application deals with showing to potential 
customers what aeration capacity that can be achieved and to what cost, and how the 
SMB technology can achieve this. The aeration efficiency is though affected by both 
the bubble generation and the tank design and height. To increase the observability of 
the technology, the effect from using different kinds of special tanks should be 
decreased and a “standard” tank similar to those used in existing processes should be 
related to, when communicating the performance of the technology.  

For the pre-filtration application, the interesting aspect is how much membrane-
clogging substances in the influent can be reduced and what costs this will save for the 
process. Since this application will be an addition to existing systems and not a  
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replacement, the tank used will be a custom made tank for the SMB technology. Thus, 
it is not as important to show what is the result from the bubble generation and what is 
the effect from the tank used.  

Considering the above aspects when commercialising the SMB innovation will 
facilitate the adoption of the technology and decrease the perceived risk involved for 
the customer.  

 



Preparation for Commercialisation of Industrial Innovations 
 

 

 84 

6.10 Competitive pattern  

 

Consider the importance of the competitive forces. Analyse 

critical aspects such as customers, competitors, suppliers 

and government. Which are the most important competitive 

forces that affect the industry? 
 
 

6.10.1 Industry competitors 

The market structure based on main contractors and sub-contractors leads to some 
complex characteristics. When contracts are open for tenders, many parties are 
normally active in bidding on these as main contractors. At every specific project, one 
part will win the contract and thus become the main contractor. But because of the 
significant size of the project, every such main contractor will need a number of sub-
contractors to be able to finalise the contract. These sub-contractors are often the same 
parties that have been competing to get the main contract. Since different parties get 
different contracts, the market is very dynamic regarding the relationship between 
customer and supplier. The company that acts as a main contractor in one project may 
very well in another project act as a sub-contractor to one of its own sub-contractors. 
The role as being customer, supplier and competitor is therefore highly dynamic over 
time, and parties in the network can even act as all these roles at the same time because 
of multi-project operations. 

Our conclusion from this is that this should make the market very dynamic and 
without significant lock-in effects and one-sided dependencies between contractors 
and sub-contractors, since everyone are aware that the “power situation” may very 
well change during future projects. The most important party on the market is though 
the government and PUB because of its role as the single final customer at the same 
time as being legislative authority. 

In the perspective of the SMB technology as a commercial product, we here introduce 
JPPL’s main competitors in Singapore. 
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Veolia Water 

Under the French industrial conglomerate Veolia, Veolia Environment and its 
subsidiary Veolia Water is to be found. In terms of financial revenue Veolia Water is 
the global leader within the water industry. On the market in US and Canada, Veolia 
Water is more known as US Filter. US Filter was in the late 90’ies acquired by Veolia 
Water. 

Veolia Water’s product and services include turnkey plants, equipment, water and 
wastewater management services, operations and maintenance (Veolia Water’s 
webpage) 

Hyflux 

Hyflux is a water treatment company founded in Singapore and the first within its 
business to be listed on the Singapore Stock Exchange. Hyflux is focusing on the 
Asian market as they have branch offices in Singapore, Malaysia and China. The 
turnkey contract for the first “NEWater” - water reclamation plant (see Introduction 
chapter –Water supply) was given to Hyflux in 2001. 

Hyflux offers their customers water purification technologies as ultrafiltration 
membranes, submerged membranes, membrane bio-reactors, stainless steel membrane 
systems and reverse osmosis equipment (Hyflyx’s webpage, Productivity Digest, Issue 
March 2003) 

Zenon 

Zenon is a company with focus on membrane technology. The first version of Zenon’s 
product brand ZeeWeed was initially released in 1990, and has since then been 
upgraded in a continuous product development process. The ZeeWeed system is based 
upon the idea of suction of water into the filter, which means that no pressure has to be 
applied. This is according to Zenon the main basis for achieving a cost-effective 
membrane. Zenon is comparing the development of membrane technology with the 
development of the micro chip (Zenon’s webpage). 

(See Product performance evaluation chapter for specific costs of the ZeeWeed 
system) 
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6.10.2 Buyers 

In the role as the exclusive final customer and user, and at the same time being 
legislative authority, PUB has the majority of the power on the water market in 
Singapore. 

6.10.3 Potential entrants 

The aspects of barriers to entry and potential entrants in the industries have two 
interesting dimensions in the case of SMB commercialisation. SMB as a product itself 
constitutes a potential entrant on the targeted markets. Therefore the barriers to entry 
are interesting to examine as a barrier for SMB to reach the market. But it is also 
interesting from the point of view as factor in the general competitive pattern. Once 
SMB is commercialised and has reached the market, the barriers to entry will serve as 
protection for the SMB product, since further new entrants are obstructed. 

The relevant industries have been studied and the most important barriers to entry that 
are found to have impact on the SMB commercialisation are found to be the following.  

 Capital requirement 
Because of the very big scale of the treatment plants in Singapore, the capital 
requirement for new ventures is high when entering the market. The projects/contracts 
are big, requiring substantial working capital. There is further a considerable effort 
needed to market new systems towards the customer, which also increases the capital 
needed. 

 Switching costs 
Existing systems in the water treatment industry are, as mentioned above, expensive 
installations. The costs for switching are therefore high. Tanks used in aeration are 
very big and a reconstruction of these would imply high costs to the customer. When 
commercialising SMB, the product must therefore be designed in order to minimize 
necessary alterations of existing systems. This characteristic should though protect the 
industry from coming technologies based on a totally different principle, e.g. MBR. 
Because of the very high investments in existing plants and the ’fine tuning’ that has 
been accomplished throughout the years, this ’protection’ should last ‘long enough’ to 
create a market demand for the SMB, offering more efficient aeration but using 
existing plants. 
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 Access to distribution channels 
The main, at least most important, ‘distribution’ channel is the contact with PUB, 
which is the final user and thus the ‘most preferred’ customer. The limited access to 
PUB, because of the bureaucracy and the sensitive political water issue, is strongly 
limiting the possibilities for new actors to reach the final customer. If this ‘distribution 
channel’ is not accomplished, the other alternative is though to make connections to 
other actors in the network that do have direct access to PUB.  

 Government policy 
The government, which also in a way acts as the final customer, has formulated 
specific regulations, governing the procedures of new investments. There is a high 
demand on ‘formal competence’ and technology proofs in the form of ‘track records’ 
for new technologies. Without approval from the government, the industry is thus very 
difficult to enter. 

6.10.4 Substitutes 

As mentioned above, there are some substitutes for the traditional technologies. The 
most important to consider is the MBR. 

6.10.5 Suppliers 

Because of the network structure of the industry, suppliers as sub-contractors are very 
important in order to enable execution of the big projects that the contracts often 
imply. Though, as discussed above, the complex and shifting relations in the network 
reduces the concentration of power found with specific actors. The power that each 
supplier has is therefore not that significant.  
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6.11 Establishing a venture 

 

The organisation that will execute the commercialisation 

must be prepared for the task. Examine strategy aspects and 

needs of network and venture capital for establishment of a 

suitable commercialisation venture. 
 
As concluded in the ’legal concept’ chapter, it is recommended that a new venture 
should be formed to execute the commercialisation. Critical aspects to consider are 
establishing a network and obtaining venture capital for this new venture. These tasks 
often have to be performed also when executing the commercialisation within an 
existing venture, because of the new markets and capital requirements that the 
commercialisation often implies.  

6.11.1 Network  

To accomplish a critical network for the SMB commercialising venture, necessary 
relations first have to be identified.  JPPL already has an extensive network that can be 
made available to the commercialising network. Though, relations specific to the SMB 
project have to be accomplished. The two most important aspects are to create 
relations to the customer PUB, to necessary suppliers, to the investors, and to other 
main contractors. 

PUB 

Since the final customer is represented only by PUB, the task of obtaining the 
customer relation may seem trivial. The fact that there is only one final customer 
though makes the connection very critical to obtain. Dealing with the government-
controlled PUB in Singapore, especially as a new actor, is a complex task. Because of 
the politically very sensitive situation concerning water supply because of the conflicts 
with Malaysia, PUB is very careful to make connections to new unknown suppliers 
and to share information about their needs. Repeated attempts to reach responsible 
staff at PUB to discuss possible opportunities for the SMB technology failed because 
of the very careful attitude at PUB. In cooperation with JPPL’s managing director 
Rickard Högberg, an independent consultant with connections to PUB was therefore 
contracted to obtain this necessary relation. The consultant, Professor Koe at Nanyang 
Technological University, is considered to be an authority within the water treatment 
business and has previously had extensive cooperation with PUB. By using the 
authority and connections of Professor Koe, the initial critical connection to PUB 
could therefore be made. 
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Suppliers 

The SMB technology is patented in the US in the inventor Chang, Tsun Shin’s name 
who is a Taiwanese citizen. Chang is represented in Singapore by Tan Ah Kiong, 
director for Yasing Ozone Industries Pte Ltd. Chang has the technical knowledge of 
the SMB innovation and is the supplier of the SMB prototypes. 

Offering ownership in the commercialisation venture that has to be constructed can 
make the necessary connection to the inventor’s organisation. The necessity of such a 
new venture has been concluded in the legal concept chapter. 

Other necessary suppliers consist of more general sub-contractors. These can be found 
partly within JPPL’s existing network. We estimate that other necessary suppliers can 
be found through regular opening contracts for tenders of the specific minor projects 
necessary. 

Investors 

JPPL presently has an existing relation to the investment group MVI. JPPL’s 
managing director Högberg is one of the partners in the investment organisation and 
has by that and by his reputation as ‘business minded’ necessary connections inside 
the organisation to obtain an interest for the project.  

Other main contractors 

As concluded in the chapter ‘Market concept’, not only PUB in the role of final user is 
a potential customer. Also other main contractors selling to PUB are interesting targets 
of marketing. To obtain necessary connections with these, a discussion with the most 
important main contractors should be initiated at an early stage. Our suggestion is 
though to primarily target PUB, as a position as main contractor is more attractive to 
the venture because of the increased profit potential and power situation that it implies.  

6.11.2 Venture capital 

As concluded in the literature review, formal venture capitalists are normally not 
interested in projects without proven historical income. The SMB project is at an early 
stage and has thus no history that will prove a possible future return. The capital 
requirement on this early stage is also not substantial enough to demand formal 
venture capital. A natural strategy in the initial part of the project is therefore to target 
informal venture capitalists. 
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Merchant Venture Investments (MVI) is a group of investors, with which JPPL have a 
close connection. MVI’s main principle is to involve potential investors in a particular 
venture, to provide the future organisation with industrial skill and management 
experience. Active participation and risk taking is further emphasised in the aim to 
achieve an owner and management structure, which is optimising the investment. The 
invested risk capital in a project has its origin with the investors that are interested in 
this specific project.  

MVI has about 400 partners worldwide and is run on a daily basis by 30 people who 
are positioned at branch offices in Europe and Asia. Approximately 50 MVI partners 
are further taking active participation in different boards or working as advisors. 

MVI is supporting its partners with the screening, monitoring and structuring process 
of any investment project. An investment partner that is not working within the MVI 
staff however usually performs the screening and monitoring processes. 

MVI is normally investing into ventures that are in later phases of their development 
and in buy outs of mature companies. The invested capital is within the range of 1 to 
10 million Euro(€). (MVI webpage) 

MVI can be considered to be business angels, as defined in the literature review. The 
structure of the organisation and the procedures for evaluation is less formal than 
institutional formal venture capitalists and the organisation further consists of private 
investors. Also the interest to actively participate in the commercialisation venture 
corresponds to the culture of informal venture capitalists. MVI normally invests into 
projects at a later stage than in the case of SMB commercialisation. The close relation 
to MVI through JPPL’s managing director Högberg’s partnership, has though created 
an interest to invest into the project. 

To obtain necessary capital from MVI some formal tasks have to be executed. 
According to the MVI procedure to obtain capital from its investors, an Offering 

memorandum has to be produced to the potential investors. The document specifies the 
conditions for the agreement and is considered as a legal document. Before producing 
such a legal proposal, it is though custom to present an Information memorandum to 
potential investors. This document is not considered legally binding, but has as 
objective to present the main aspects with the proposed business. This can be 
considered as an important first step to obtain venture capital, since the content of the 
Information memorandum to a high extent determines what interest the potential 
investors will have in the proposed business. 
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The two most important aspects regarding the information memorandum are to create 
interest in the project and to create confidence in the future of the commercialisation.  

The memorandum shall therefore contain a proof of concept, where the technical and 
the market validity of the innovation is presented. The proof of concept basically refers 
to a commercial evaluation, where both technical and market aspects are examined. An 
initial market concept study has been carried out in the ‘market concept’ chapter, and 
can form a part of the base for this aspect in the proof of concept. A technical and 
commercial performance evaluation will be executed in the following chapter product 

performance evaluation and can form the base for the technical validation, and 
contribute to the market validation of the product. 

The necessary information memorandum further requires a basic design of the 
commercialisation venture to be presented. This is to present the basic forms under 
which the commercialisation will take place and through this create confidence with 
the investors. 

Different business models should further be developed and evaluated, to obtain the 
most optimal and interesting model for the investors. It is also important to already in 
the memorandum provide investors with different possible exits, once the 
commercialisation has been executed.  

Other essential parts of the memorandum are evaluations of marketing, suggested 
expansion strategy, a risk analysis, and a financial forecast for the first years of the 
venture operation. 

The information presented in an information memorandum must be objective and 
cautious, but it is also important to formulate in a way that the most interesting and 
attractive characteristics are highlighted.  

6.11.3 Strategy aspects 

The core business of JPPL is found to be within the water, wastewater and air handling 
industries. One of its current main customers is PUB who has a great impact on the 
revenue of the company. Within the group of Johnson Industries, Inliner is to be found 
as one of its subsidiaries in close collaboration with JPPL. JPPL is the licensee of the 

Inliner  CIPP system in Singapore (JPPL’s webpage – Inliner). The most important 

customer for Inliner is definitely PUB, since they provide a service for rehabilitation of 
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damaged pipelines or sewers without digging into the ground. There is a great 
governmental demand of these services in Singapore as the island is dense populated, 
and affecting the infrastructure system while rehabilitating the sewers would be a 
severe problem. Since the SMB for the better would be commercialised within a new 
constructed venture as previously discussed, the contact with PUB is related to this 
establishment. There is however no contradiction in exploitation of these contacts by 
the organisation of JPPL. To strengthen the relationship with PUB would be a great 
advantage for JPPL and the whole group of Johnson Industries, which could vitalise 
the core business and significantly affect the future revenue. In addition to this, we do 
not find any threats to JPPL’s present business or services in commercialising the 
SMB technology, since JPPL does not currently offer any products that would 
constitute a substitute to the SMB. On the other hand, JPPL may increase their sales in 
other related product and service segments as e.g. project management and pumps. 

As a conclusion of this discussion concerning the future implications and strategy of 
JPPL by a possible SMB commercialisation, we could stress the overall advantages for 
the whole group of Johnson Industries in strengthening the contact with PUB. The core 
business would certainly be vitalised and future revenue could be increased. 

6.12 Evaluation point 3: Market and future venture 

The factors in the business environment seem positive for the SMB commercialisation. 
The market is dynamic and there are several different possible ways to enter the 
market, in spite of the existence of a sole final customer. Important to consider is the 
need to reduce the switching costs for the customer and to obtain a connection to the 
targeted customers. The possibilities to obtain venture capital are positive. To obtain 
this, extensive specifications of the business has to be performed and an information 
memorandum must initially be constructed. Finally, there is a great possibility in 
vitalising and strengthen the core business of the whole group of Johnson Industries, 
since the relationship with PUB could be strengthened. 
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6.13 Product performance evaluation 

 

Evaluation of the actual product. This determines the actual 

performance of the product and provides necessary proof of 

the relative advantage of the innovation. 

 

6.13.1 Aeration testing 

The SMB technology has previously not been used for aeration of sewage. To evaluate 
the sewage aeration efficiency of the SMB technology, empirical tests thus had to be 
performed. The objectives of these tests are to determine the ability of the SMB 
technology to transfer oxygen to the sewage to enable the bacteria to consume the 
present biological pollution (measured as BOD). The desired result from the testing is 
that a large amount of oxygen can be transferred to the water, at a low energy cost. 

Tank design 

The testing of the aeration efficiency on sewage with the SMB technology is executed 
in an eight-meter-high tank. The height of the test tank is chosen to reflect the 
economically optimal construction height in Singapore. Because of the high price on 
land in Singapore, existing aeration tanks are normally 5-8m deep. To have the 
opportunity to do tests at these depths, an eight-meter high tank is chosen.  

The aeration tank is constructed from a 866mm diameter steel pipe that is erected 
vertically at a steel plate on the ground. The height of the tank is 8.4m. The 2” inlet 
from the SMB generator is situated 0.5m from the bottom plate. In the bottom of the 
tank a 3” outlet is situated to enable draining the tank and taking samples of the 
sludge. At 3 meters height a 2” sampling outlet is situated and another 2” outlet is 
situated at 7.5 meters. On the 3 meter outlet a 5mm clear tube is connected, leading up 
the outside wall of the tank and thus allowing monitoring of the water level inside the 
tank. The tank holds 4.95m3. See Appendix 2. 

The inlet sewage water to the SMB system is stored in a separate buffer tank, holding 
3.5m3. 
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System design 

The SMB system consists of one emulsifier (high pressure tank), one SMB bubble 
generator, one venturi tube/air valve, one water pump, one 2-millimeter strainer, two 
flow meters, manual valves, and pipes to connect the SMB system to the buffer tank 
and aeration tank. A drawing of the installation is to be found in appendix 2. At the 
outlet of the buffer tank a two-millimeter strainer is installed. The strainer is installed 
to prevent clogging of the SMB generator and to prevent the pump from breakdown in 
the case big particles in the inlet water occurs. The outlet of the strainer is attached to 
the water pump. After the pump a flow meter is installed, and after that the pipes go to 
the emulsifier. A return pipe goes from the emulsifier to the inlet of the pump. On this 
return pipe the venturi tube/air valve is situated. After the emulsifier a t-pipe/junction 
is installed, with one end leading to the generator, and the other end leading back to 
the buffer tank. Before the generator a ball valve is situated and before the buffer tank 
a ball valve and a flow meter are installed. The generator-valve enables closing of the 
system to prevent unwanted hydraulic back flow from the high aeration tank to the 
buffer tank when the process is terminated. The lead off pipe to the buffer tank and its 
valve enables maintaining control of the flow fed to the SMB generator. The pump 
used is a Lowara SV411 (2.2 kW). Normal atmospheric air was used to create the 
bubbles. The water pressure in the SMB-system was around 6.5 to 7 bar and the 
efficient flow into the test tank approximately 36 l/min when the testing was executed. 

Test methodology 

Before commencing testing on sewage water, some basic tests are made with the 
bubbles being entered into tap water. This enable measuring the effect on amount of 
dissolved oxygen (DO) in water. 

The testing is performed as a sequencing batch, where for every test a batch of sewage 
is deposited into the tower. Sewage water, containing SMB bubbles are then added to 
the tower close to the bottom. The bubbles rise slowly in the tower. During the rise, 
oxygen is transferred from the bubbles to the sewage, thus supplying the existing 
bacteria with oxygen to consume biological pollution in the sewage.  

For every test SMB water is added to the tower for a certain amount of time. The 
effect of the bubbles on the sewage is measured at different time intervals after the 
bubbles have been introduced. This enables measuring the effect on e.g. amount of 
dissolved oxygen and BOD after having the bubbles and bacteria affecting the sewage 
for different time intervals. Specific time intervals for the different activities and 
measure points are given in Table 6-3 below. 
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Table 6-3 Test sampling 
Time 

(h:min) 

Activity Lab sample DO/Temperature 

0:00 Process started X X 
0:03 Bubbles formed   
0:10   X 
0:20   X 
0:37  X X 
0:57 Process stopped   
1:00  X X 
2:00  X X 
3:00  X X 
 
 
 

Test protocol 

The aspects to measure during the tests have been agreed upon in discussions with our 
technical consultant Aromatrix. The relevant aspects and measures are illustrated in  

Table 6-4. 

Table 6-4 Test protocol 
Aspect Measure Unit Test method 
Oxygen transfer Dissolved Oxygen (DO) mg/l Portable DO-meter 
Cost Energy consumption kW Pump consumption 
Oxygen demand Biochemical Oxygen Demand (BOD5) mg/l APHA: Pt 5210 B 
Oxygen demand Chemical Oxygen Demand (COD) mgO2/l APHA: Pt 5220 B 
Filtration Total Suspended Solids (TSS) mg/l APHA: Pt 2540 D 
 Ammonia mg/l APHA: Pt 4500 NH3 
 Nitrate mg/l APHA: Pt 4500 NO3 
 Phosphate mg/l APHA: Pt 4500 -P 
 Temperature °C Thermometer 
 

APHA is a Standard Method for the Determination of Water and Waste Water (APHA 20th 
Edition : 1998). An independent lab, SETSCO SERVICES PTE LTD in Singapore, measures 
the tests using the APHA methods. The DO and temperature measurements were made with a 
portable DO-meter YSI model 55. 
 
 
 

Test execution 

First a basic test was performed, injecting SMB bubbles for 20 minutes into tap water 
in the aeration tank and then measuring the DO level. 

The origin of the water used for testing of the SMB equipment was the Kranji Water 
Reclamation plant in Singapore. The time for transfer of the water from the Kranji 
plant to the test site was minimised and not longer than two hours elapsed between the 
initial pumping of the sewage at Kranji and the commencing of the aeration testing 
process at site. This is to prevent the sewage to change its initial characteristics, as a 
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too long storage-time may result in a not representative water quality. When executing 
the aeration tests on sewage, 2.6m3 non-treated effluent from the sewage treatment 
plant’s primary settlement tank was deposited into the aeration tank. The SMB inlet 
water, held in the buffer tank, consisted of the same effluent as in the test tank but 
during the tests this passed through the two-millimetre strainer to prevent clogging of 
the SMB-generator. 

During the tests the SMB inlet water was injected into the aeration tank after having 
passed through the SMB system, which add the microscopic air bubbles to the water. 
The SMB process was run for 53 minutes, resulting in an injection of 1.9m3 of SMB 
water to the aeration tank. This resulted in a total aeration tank volume of 4.5m3. 
Samples were taken and measurements done according to Table 6-3. 

Mr. Loo from Aromatrix Pte Ltd, associate with professor Lawrence Koe at Nanyang 
Technological University (NTU) in Singapore, supervised the tests. 

The collected test samples were stored at approximately 8°C until the testing was 
terminated. The samples were further transported to the independent lab, SETSCO 
SERVICES PTE LTD with not more than one hour of efficient transfer time of the 
samples, defined as from checking out time at site to the actual delivery time at 
SETSCO. This minimising of transportation time is as mentioned above also in this 
phase to prevent the sewage water to change its initial specific characteristics. Wong 
Pik Hung, Senior Chemist, head of Environmental Testing at the Biological & 
Chemical Technology Division, SETSCO received the 6 samples, which were 
delivered in one litre glass bottle each. 

Test results 

During the initial test on tap water, a Dissolved Oxygen (DO) level of 9.55 mg/l was 
achieved, starting from an initial value of 7.0 in the tap water. The temperature was 
27°C and the altitude was approximately 10m above sea level. Theoretically, the 
maximum saturation of oxygen in water under these conditions is 7.97, which shows 
that achieving a value of 9.55 using normal air is extremely good. The system is thus 
capable to saturate water with oxygen to a high extent. 

The testing of the delivered samples was carried out during approximately one week at 
SETSCO’s lab in Singapore and a test report were further written and sent to Johnson 
Pacific. The test report included the levels of Biochemical Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), Phosphate and 
Ammonia. 
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The specific test report data regarding the BOD- and the TSS-levels are highly 
interesting in the perspective of our focus of aeration and filtration. As the BOD-level 
directly reflects the biological pollution and the TSS-level indicates the quality of 
water regarding to particles that have to be filtered, these data will be analysed further. 
All test data is attached to this report in appendix 3. 

The BOD-level was measured to be about 60 mg/l initially in the inlet water. During 
and after testing this level did not significantly decrease. 

The TSS-level was measured to approximately 60 mg/l in the inlet water. During and 
after testing this level significantly and steadily dropped to about 40 mg/l. The sewage 
water was apparently filtered by the SMB-bubbles. 

The steady level of BOD indicates that the testing did not prove that the SMB-
technology is appropriate for aeration of sewage. We cannot however draw the 
conclusion that the SMB-technology is not appropriate for aeration of sewage. We will 
discuss this matter further in the Aeration evaluation chapter. 

The drop in TSS-level indicates that the SMB-technology may be interesting in terms 
of filtering polluted water. Before any further testing on the actual sewage water 
quality that is in focus, i.e. influent to NEWater and industrial water plants we though 
have to execute a theoretical evaluation of the potential of filtration, see chapter 
Filtration evaluation. 

6.13.2 Aeration evaluation 

Given the poor results from the aeration testing, the cause for this had to be 
investigated before further testing was carried out. The technical factors affecting the 
aeration efficiency are primarily bubble size and amount of bubbles. During the testing 
the size of the bubbles was perfect according to Mr. Tan, inventor representative. The 
SMB bubble water also had the right saturation of bubbles. This shows that the 
installation of the system was correct. Since the bubble size was correct, the failing 
point with the system ought to be the amount of bubbles (i.e. amount of air). The 
added amount of air entering the system might not be enough for achieving efficient 
aeration when large amounts of oxygen demand exist.  
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It has been shown in the initial tests on tap water that high DO concentration can be 
achieved using the system. To achieve high DO in water without oxygen demand is 
though a different task than transferring large amounts of oxygen to water with 
substantial oxygen demand. 

 Due to unsatisfactory communication with the inventor, reliable data on the oxygen 
content in the SMB water had previously been missing. In discussions with the 
inventor, the amount of air injected into the system was now estimated to between 3% 
and 5% of the initial amount of water introduced, volume-by-volume. Before further 
testing was carried out, theoretical estimations on the ability and cost of using the 
system for aeration had to be examined. 

Technology – Oxygen transfer capability (OTC) 

The first question is if the system is capable at all of achieving a sufficient transfer of 
oxygen, given a substantial oxygen demand. The required oxygen transfer for aeration 
is according to Peavy (1985) between 30 and 100 mg O2/l*h. Assuming an oxygen 
transfer efficiency (OTE) of 65% (estimated by our consultant Aromatrix) and using 
pure oxygen injected into the system, this would imply a necessary amount of gas 
injected into the system of between 3% and 11% (see following calculation).  

Assuming that the oxygen transfer need 30 mg O2/l*h 
Amount of O2 that has to be transferred to every liter of water every hour:  

30mg O2 = 0.021 liter O2  (φo = 1.429kg/m3) 
Amount of O2 that has to be injected into the system for every liter water and hour: 

OTE = 65% ⇒ 0.021/0.65 = 0.032 liters of O2 injected 
Running the system for 1h gives 2400 liters of water ⇒ required amount of O2 (1h):  

0.032*2400 = 77.5 liters of O2 

This amounts to 3.2% of the SMB water 
 

Assuming that the oxygen transfer need 100 mg O2/l*h 
Amount of O2 that has to be transferred to every liter of water every hour:  

100mg O2 = 0.070 liter O2  (φo = 1.429kg/m3) 
Amount of O2 that has to be injected into the system for every liter water and hour: 

OTE = 65% ⇒ 0.070/0.65 = 0.108 liters of O2 injected 
Running the system for 1h gives 2400 liters of water ⇒ required amount of O2 (1h):  

0.108*2400 = 258.3 liters of O2 

This amounts to 10.8% of the SMB water 
 
According to our consultant Aromatrix, most conventional systems have an oxygen 
transfer capability of between 80 and 90 mg O2/l*h, which would correspond to a gas 
content of about 9% (assuming 65% OTE). 
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In discussions with the inventor Mr. Chuang, it was stated that he might be able to 
modify the generator to be able to handle up to 10% gas content. This shows that the 
equipment may be able to deliver a sufficient amount of oxygen (depending on the 
actual OTC requirement in the PUB plants) if the technology is modified and if pure 
oxygen is injected. 

Energy cost – Oxygen transfer efficiency (OTE) 

The second question is if the technology would be economically preferable to 
conventional systems. What is highly interesting from a financial point of view is the 
energy cost for transferring a certain amount of O2 to the water. Conventional systems 
have an oxygen transfer efficiency (OTE) of between 0.7 and 1.8 kg O2/kWh 
(according to Metcalf & Eddy, 1979). 

To match the energy consumption per amount of oxygen transferred for conventional 
systems, the minimal gas content (using pure O2) required for SMB aeration can be 
calculated. The following calculated relative amounts of oxygen injected into the 
system are thus the lower limits of the economically required amount of O2 in relation 
to amount of water, to achieve the same energy cost as conventional systems. The 
calculations assume that the SMB system runs a 1kW pump for 1 hour.  

Conventional systems upper limit of 1.8 kg O2/kWh 
Liters of O2 transferred to the water for every kWh: 

1.8kg O2 = 1260 liters of O2   (φo = 1.429kg/m3) 
An assumed OTE of 65% for the system implies a needed amount of oxygen of: 

1260/0.65 = 1938 liters during one hour 
The pump gives 2400 liters of water per hour, which implies a relative amount of 

oxygen of 1938/2400 = 81% 
 
Conventional systems lower limit of 0.7 kg O2/kWh 
Liters of O2 transferred to the water for every kWh: 

0.7kg O2 = 490 liters of O2   (φo = 1.429kg/m3) 
An assumed OTE of 65% for the system implies a needed amount of oxygen of: 

490/0.65 = 754 liters during one hour 
The pump gives 2400 liters of water per hour, which implies a relative amount of 

oxygen of 754/2400 = 31% 
 

 

This shows that to match the best performing conventional systems, the relative gas 
content (pure O2) injected into the system has to be 81%. As mentioned, the maximum 
gas content attainable using the SMB technology is estimated by the inventor to be 
only 10%. This does not even match the conventional systems with the lower 
performance (which demand 31% gas content). Important to mention is also that these 
calculations do not include the energy cost for generating the pure oxygen that is 
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injected into the system. Oxygen generation costs an additional 0.35-0.5 kW/kg. If 
these costs were included, the costs for SMB aeration would be even higher in 
comparison. This shows that the SMB technology is too energy consuming to be used 
as an efficient equipment for aeration.  

Worth to mention is also that the performance data of the conventional systems are not 
up to date, and that the performance of these have improved slightly. In comparison, 
the SMB system would therefore look even more expensive in comparison to the latest 
conventional performance data. 

In our calculation there exists some uncertainty regarding the OTE value as the level 
of 65% is an estimation made by our technical consultant Aromatrix. To determine the 
correct value, expensive and time-consuming lab testing would have to be carried out. 
What is interesting to see is if our OTE estimation is too restricted, and what this 
would mean for the required relative gas (oxygen) content. If OTE of 100% is 
assumed (the theoretical maximum value), the required content would be 53% 
according to the following calculations (only comparing with the most efficient 
applications). An OTE of 100% is not realistic, but shows the maximum theoretical 
value for the system. Even with this value, the required oxygen content is too high to 
realise such a system (the maximum value being 10%).  

Conventional systems upper limit of 1.8 kg O2/kWh, 100% OTE 
Liters of O2 transferred to the water for every kWh: 

1.8kg O2 = 1260 liters of O2   (φo = 1.429kg/m3) 
An assumed OTE of 100% for the system implies a needed amount of oxygen of: 

1260/1 = 1260 liters during one hour 
The pump gives 2400 liters of water per hour, which implies a relative amount of 

oxygen of 1260/2400 = 53% 
 
 

System scaling-up 

In the economical analysis, the calculations are based upon the assumption that the 
SMB-system may be scaled up to treat bigger amounts of water. This simplification is 
made to facilitate the comparison of the technology to conventional systems. The 
reason is to account for up-scaling effects that would benefit a full-scale application in 
relation to our test system. The system calculated upon uses a Pumpex submersible 
wastewater pump, model number K 304-475 with a head of approximately 66.5 meters 
and a flow of 120 l/s. 
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6.13.3 Filtration evaluation  

A comparison of the SMB technology with conventional systems for filtering influent 
water to NEWater and industrial water plants has here been executed and forms a basis 
for a theoretical evaluation of the technology. 

The SMB system is claimed to generally be efficient for filtration of polluted liquids. 
Our objective in focus of the filtration application was to test the SMB equipment on 
influent water to NEWater and industrial water plants. An efficient pre-treatment 
technology for such systems would decrease the overall costs, by decreasing 
maintenance costs and increasing the lifetime of the system. When utilising a 
membrane system, the cost that bio fouling and clogging generates is the direct cause 
of analysing this further. We theoretically calculated on the level of efficiency of the 
SMB system before executing any deeper practical tests. Our calculations are based 
upon official figures of conventional systems and information given by the SMB 
inventor based on previous tests. 

According to the representative of the inventor in Singapore the level of Suspended 
Solids (SS) have been decreased from 20 – 30 mg/l to 0.99 mg/l during testing of the 
SMB system for removal of algae in lake water. The tests were performed with six 
generators which treated 300 cubic meters / 24 hours. The pumps used in the testing 
had an energy consumption of one kWh. Basic calculations of given data gives us the 
result that 0.477 kWh was used for treating one cubic meter of water. 

The system mentioned above used coagulant as well as oxygen in the process. Poly 
Aluminum Chloride (PAC) was used as coagulant during the tests. The coagulant cost 
and the cost of generating oxygen have not been included in the running cost. Neither 
has the maintenance cost been included in this figure. Basically this means that the 
energy consumption of 0.477 kWh treating one cubic meter of inlet water is calculated 
low compared to the actual value. 

For comparison of the SMB system to a conventional technology used in the industry 
we here present data for the ZeeWeed 500b-system provided by Zenon. The ZeeWeed 
system is a membrane system used for filtration of inlet water to finer membrane 
systems, e.g. Reverse Osmosis. Membrane systems are globally regarded as 
competitive technologies for filtration of these kinds of water qualities. The ZeeWeed 
500b-system has been utilised for several years and has now been replaced by more  
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competitive systems. We though choose to compare SMB to a technology that is 
average or worse than the normal industrial standard to exclude exaggeration of the 
efficiency of conventional technologies. 

The ZeeWeed 500b-system has according to Zenon (IWA Asia Environmental 
Technology 2001) been officially tested to treat influent water, comparable to the 
influent water used in the previous SMB filtration testing. The tests were performed in 
1999 and showed an overall energy consumption of approximately 0.05 kWh/m3. The 
efficiency of membrane technology has steadily been improving the last decade and as 
a result the energy consumption has been decreasing from 0.3 kWh/m3 in 1995 to 
0.025 kWh/m3 in 2000. Uncertainties in efficiency of the ZeeWeed 500b-system tested 
in 1999 should be minor in relation to the improvements that have been made upon the 
membrane technology since then. For drawing conclusions of the SMB system without 
any doubts we here have chosen to compare to the ZeeWeed system that may be 
regarded as a representative industrial standard that is not totally up to date. 

A significant part of the running costs for membrane systems is maintenance and 
renewal of membranes, necessary because of clogging and fouling. The costs for this 
in relation to energy consumption have only been estimated in our commercial 
evaluation. We estimate that the actual cost for this is somewhere between 20% and 
50%. In the calculations we though assume a relative costs of 100%, to ensure that we 
do not underestimate these costs. We thus get a running cost of 0.10 kWh/m3 for the 
ZeeWeed system. 

Our conclusion is that the SMB system is significantly more costly regarding its 
running costs compared to the industrial standard of membrane technology. 
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6.14 Evaluation point 4: Performance evaluation 

The evaluation shows that the system could be capable of performing the aeration task, 
but that it would unfortunately imply high energy costs in comparison to traditional 
aeration systems. Tests though imply a possible great performance in other gas 
transferring applications.  

Also as a filtration device for pre-treatment of potable and industrial water, the 
technology proves to be costly in comparison to not using SMB pre-treatment in the 
process. Though also within the filtrating application area, the technology implies a 
good potential for other applications.  
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7 ANALYSIS 
The use of the Propeller of Commercialisation in the 

commercialisation preparation of the SMB technology is here 

analysed to provide an evaluation of the model.  
 
Applying the propeller of commercialisation has provided a structured way to prepare 
the commercialisation of the SMB technology. 

The strong competence within JPPL is construction of wastewater treatment plants. 
The situation concerning water supply is further very interesting, due to the sensitive 
political situation in Singapore and high demand from industry and population. One 
targeted application for the SMB commercialisation was therefore sewage wastewater 
treatment within the water treatment industry. Within this industry, the most 
interesting application was sewage aeration due to high energy costs for conventional 
aeration. A closely related area is pre-treatment of water to be processed to potable 
water and also this corresponds to the business characteristics of JPPL since the 
influent to the potable water process is the effluent from the sewage treatment plant. 
An interesting application was therefore within the domain to further reduce the 
pollution level prior to any further treatment. The immense investments on new plants 
for potable water in Singapore was further emphasising this approach. 

Following the propeller of commercialisation thus lead us to focus on examining the 
opportunities for the SMB technology to be commercialised on the markets of sewage 
aeration and pre-treatment of industrial/potable water. 

Later steps in the model led to the discovery that interesting targets on the market 
could be PUB as the only final user within Singapore, but also other companies acting 
as main contractors to PUB. Most preferable would be to achieve the position as main 
contractor with direct contact with PUB. One approach in minimising the uncertainty 
to the customers would be to offer a total system, including installation and operation 
of the aeration respectively the pre-treatment function. A new venture further has to be 
founded for execution of the commercialisation and relevant patents must be 
incorporated. 

The factors in the business environment appear positive for the SMB 
commercialisation. The market is dynamic and there are several different possible 
ways to enter the market, in spite of the existence of a sole final customer. Important to 
consider during a commercialisation is the need to reduce the switching costs for the 
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customer and to obtain a connection to the targeted customers. The possibilities to 
obtain venture capital are positive. To obtain this, extensive specifications of the 
business though have to be performed and an information memorandum must initially 
be constructed. Finally, there is a great possibility in vitalising and strengthen the core 
business of the whole group of Johnson Industries, since the relationship with PUB 
could be strengthened. 

Above results showed that critical aspect from all three relevant perspectives in the 
model for commercialisation of the SMB technology were positive when evaluating 
the possibilities to commercialise SMB as an aeration device for sewage or pre-
treatment device for industrial and potable water. When achieving this focus on the 
most interesting applications, it was thus time to perform the costly performance 
evaluation, which included need of performance tests and technical consultants.  

As shown in the theoretical evaluation of SMB as aeration device, the system might be 
capable of performing the aeration task. However we have shown that the system 
would imply higher costs than conventional systems, because of high energy 
requirements. The initial tests on tap water showed that SMB could be good for 
saturating liquids with gas, but the tests on sewage showed that the technology is not 
suitable for transferring large amounts of gas to a liquid with inherent gas demand (in 
our case oxygen demand). Thus the technology is not appropriate as sewage aeration 
device, which was the most interesting gas-transferring application for Johnson Pacific 
Pte Ltd. It is though likely that the technology is very suitable for saturating liquids 
with gas, i.e. when it is not the amount of gas transferred that is interesting, but the 
maximum attainable saturation of gas in the liquid. Such applications could be to 
disinfect water with ozone, add oxygen to drinking water, or to use ozone in medical 
treatment.  

Regarding SMB as filtration device, our theoretical estimation shows that the 
technology could be able to perform the task, but it is too energy consuming for 
achieving the right effluent quality when used as pre-treatment for potable and 
industrial water. Water that is to be treated to potable/industrial water is of relatively 
good quality. To treat this further with SMB is not a competitive approach, since the 
desired effect from this treatment is to prevent the membranes (that are used later in 
the process) from clogging and fouling. Our belief is that the quality of the water is too 
good to improve in an economic way using SMB. SMB filtration is probably more 
suitable when filtering water (or other liquids), which contain a slightly higher amount 
of contaminants. In that case SMB would work as an improved version of traditional 
DAF, and could probably reduce costs for e.g. clogging of membranes in later steps of 
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the purification process in an economically beneficial way. In the filtration application 
targeted in this evaluation, the filtering effect is simply too coarse to compete with fine 
membrane systems. Because of the relatively fine influent quality assumed in the 
evaluation, these membranes will not be clogged to such a high extent that initial pre-
treatment could save the required costs to make it profitable. 

Above performance evaluation showed that the performance of the technology was not 
as anticipated due to unforeseen characteristics when using the technology in 
applications previously not evaluated. Tests though showed a possible outstanding 
performance within other applications than those focused in this evaluation. 

The use of the propeller of commercialisation reduced the number of tests necessary to 
evaluate the possibility of commercialisation of the SMB technology by focusing on 
the most interesting and potential areas. The cost for the expensive performance 
evaluation was also delayed until all other more easily evaluated aspects were 
considered, thus decreasing the capital binding and risk of the project. 

MVI had previously been interested in investing in the SMB technology in cooperation 
with JPPL to achieve a commercialisation. The findings of this evaluation thus 
prevented MVI from investing capital into a commercialisation process that had 
proven not to be successful within these most potential and for JPPL interesting areas.  
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Figure 7-1 The Propeller of Commercialisation – Once again! 
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8 CONCLUSIONS AND RECOMMENDATIONS 
The conclusions that have been generated from applying the propeller 

of commercialisation onto the commercialisation of the SMB 

technology will here be presented to clarify the results. This, together 

with recommendations presented regarding the use of the model and 

the future of the SMB technology, will conclude this thesis. 

 

By applying the propeller of commercialisation onto the preparation for 
commercialisation of the SMB technology, the model has been found to provide an 
opportunity to analyse critical factors for a commercialisation before constructing a 
prototype and executing costly tests of the product. The model makes it possible to 
isolate the most interesting applications and to study the most interesting aspects. In 
our applying of the model on the SMB technology, the most interesting and potential 
applications have been studied in the light of a possible commercialisation. The results 
of these proved to be negative due to the actual performance of the product in these 
chosen application areas. This does though not have to be the end of the SMB 
technology. During the tests, some results implied the technology to be very suitable 
for some specific application areas, not considered to be of highest interest for JPPL. 
These areas are though still interesting and with high potential. To analyse these 
applications, further iterations in the propeller of commercialisation can be executed. 
The model thus provides the opportunity to study the potential of commercialisation 
concerning different applications in the order of believed potential and interest to the 
management. In the first iteration the most interesting applications and markets are 
considered, and in eventual proceeding iterations, applications in falling grade of 
interest are evaluated. The order of work in the model can be adjusted in order to 
closely fit the specific conditions of the situation, but what the model shows is the 
importance to take aspects from all critical perspectives into consideration at an early 
stage to ensure a coverage of all areas throughout the process. 

If possible and if the resources for the evaluation product allow so, using formal 
methods of evaluation such as the formal screening approaches suggested in the 
literature review, are recommended. Doing so will increase the reliability of the study. 
But when working with limited resources concerning time and capital, rough 
estimations with decent reliability can be made by interviewing people with deep 
knowledge about the specific markets and situations and thus performing a more 
intuitive evaluation. For further academic studies within this domain we may 
recommend the researcher to conduct tests of the Propeller of Commercialisation by 
performing supplementary investment case analysis. 
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Finally can be said that the propeller of commercialisation incorporates a perspective 
of parallel preparation concerning the three critical aspects technology characteristics, 
environment scanning and preparation of the venture. This integrated approach 
reduces early capital need for investing in costly performance tests before evaluating 
critical aspects within all three main perspectives of interest for commercialisation and 
can thus reduce the total cost of the process by reducing number of tests necessary. 
Generally the model can thus contribute with a structured way of evaluation and 
preparation and reduce the financial risks by limiting the budget needed in the early 
phase of commercialisation through the use of subsequent integrated phases 
incorporating all critical perspectives. 
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APPENDIX 3: TEST RESULTS AND CHARTS   













 

APPENDIX 4: PHOTOS FROM TESTS   





  
The SMB generator and Mr Tan, inventor   Test tower during erection 
representative 

  
The SMB water has a white foamy    The SMB water is definitely foamy 
appearance  

  
Kranji Water Reclamation Plant   Test sewage source 
 

  
Main treatment module    Hatch to effluent from primary settlement tank 



  
Pumping of sewage    Filling of sewage into tanker 
 

     
SMB system – generator and emulsifier  SMB generator and inlet bubble water 
 

  
Inlet sewage water sampling   The competitor Hyflux’s membrane system 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

  
Aeration test tank while measuring DO  SMB system – pump and strainer 
 

  
The pressure is about 6.5 bar   NEWater    
 
 
 





 

APPENDIX 5: INFORMATION MEMORANDUM STRUCTURE   





Information memorandum structure 
 
Below the general structure for an Information memorandum is presented. The 
basic design is supplied by Per Lind at MVI (Singapore). In the structure below 
some considerations for the SMB commercialisation is also included.  

 
1. Executive summary 

1.1 Introduction 
1.2 Business and market description 
1.3 Summary of financial information 
1.4 Valuation, exit and returns 
 
The Executive summary should not exceed two pages. It should provide the reader 
with a short overview of the business, financials, market environment and the 
investment. 
 
2. Investment case 
Includes three to five points, highlighting the main attractions of the investment 
opportunity. 
 
Should answer to the question why we believe in the product/service. Highlight 
the profit. 
 
3. Terms and conditions 
This section should provide the reader with all the terms and conditions attached 
to the subscription or investment. 
 
Gives information regarding how many shares or options the investors will be 
offered, procedures for payment, timeframe of the investment, etc. 
 
4. Business description 
4.1 Background  
Includes an interesting story of how the invention was born and a short resume of 
how and by whom the memorandum was produced. 
 
4.2 Products and services 
Should we offer the SMB as a product or a package of product/services? This will 
greatly affect the capital requirement. Refer to the analysis of the different 
business models mentioned in the remarks. 
 
4.3 Intellectual protection 
Look upon how the patent is protected. State the patent strategy. The connection 
to barriers to entry is here important. In this case the I.P. will be an assessment 
for three years – this will also affect the financials. 
 



4.4 Customers 
The government(s) is one potential customer. Look for other customers as well, 
e.g. other main contractors who are willing to include SMB as a component in 
their systems. 
 
4.5 Strategy 
Here we present our strategy based upon our chosen business model. The 
different strategies that shall be included are: 

 Production strategy 
 Marketing strategy 
 Expansion strategy 

 
4.6 Marketing 
Direct marketing to the big potential customers, or indirect via potential partners 
such as US Filters.  
4.7 Production and distribution 
4.8 Organisation 
4.9 Management and board 
Managing director, board, sales manager and production manager shall here be 
presented. 
 

5. Market description 
5.1 Market overview and industry dynamics 
Includes a presentation of the size and structure of the market, as well as a 
presentation of the existing products/services. 
 
5.2 Partnerships 
Present potential partners (maybe among the competitors). 
 
5.3 Competitive landscape 
Look at existing products/systems. 
 

6. Expansion and development 
This section should focus and provide details of the expansion and development 
plans of the business.  
Particular focus should be put on the role of the investors (MVI). Rickard’s role 
as an investor, at the same time as contributor of knowledge, adds value to the 
project and should be mentioned. Also discuss these parties role in the 
development and how this will facilitate the formation of the company. 
 

7. Risk factors and SWOT-analysis 
7.1 Risk factors 
E.g. market dip, bad prognoses, macroenvironmental factors, internal conflicts, 
and management drop off. Basically, this section should “clear” the author from 
responsibility of a possible failure.  
 
7.2 SWOT analysis 
Present strengths, weaknesses, opportunities and threats. 

 



8. Financial information 
8.1 Profit and loss accounts 
Based on market information and assessments of necessary costs. 
8.2 Cash flow 
Consider capital requirements for investments. 
8.3 Balance sheet 
Should be based upon historical figures. In this case Johnson’s knowledge of the 
industry has to be considered instead.  
 
Three scenarios of the future outcome shall be presented: 

 Best scenario 
 Base scenario 
 Worse scenario 

 
The production rate / figure should be looked upon conservatively. 
 
The balance sheet should be presented on a monthly, quarterly and a yearly basis. 
The yearly basis is the most important for the investors. 
 
By history we have to know that the original estimated sales figures never turns 
out to be correct. 
 
8.4 Revenue detail 
Will we have our own production? Selling licences? How is the price determined? 
What quantities are to be produced? 
 

9. Investment structure 
Include a list of existing shareholders and post shareholder structure and a diagram 
illustrating the deal structure. How much of the shares will the inventor, Johnson 
etcetera have?  
 
10. Valuation and exit 

10.1 Valuation 
10.2 Exit 
Three possible exits exist: 

 Trade sale 
 Listing/Initial Public Offering (I.P.O.)  
 Releverage  

The bank finances the company. This will increase the percentage of 
ownership in the company, which in turn will increase the chance of profit as 
well as the risk of loss of financial means. 
 

10.3 Returns 
 
11. Preliminary timetable 





 

Appendix 6: Glossary  
 
 
BOD – Biochemical Oxygen Demand 
 
COD - Chemical Oxygen Demand 
 
DAF – Dissolved Air Flotation 
 
DO – Dissolved Oxygen 
 
JPPL – Johnson Pacific Pte Ltd 
 
Ltd - Limited 
 
MF – Micro Filtration 
 
MVI – Merchant Venture Investments 
 
NPD – New Product Development 
 
NTU - Nanyang Technological University 
 
OTC - Oxygen Transfer Capability 
 
OTE – Oxygen Transfer Efficiency 
 
Pte - Private 
 
PUB – Public Utilities Board 
 
RO – Reverse Osmosis 
 
SMB – Super Micro Bubble 
 
SS – Suspended Solids 
 
TSS - Total Suspended Solids 
 
UF – Ultra Filtration 




