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Chapter 1: Introduction

In this chapter, the basis for conducting this study is firstly established. This will be
through explaining the general research area, followed by a backeround of the
company and their operations, and research overview covering the problem
statement, research question, research objective, hypothesis, assumptions in the
research, scope of research, expected benefits and outcomes of the study, and finally

the research structure.

1.1 Description of General Research Area

In the current age, petroleum has become an essential material for every country
due to its significant applications. For example, petroleum products such as petrol,
diesel fuel, and jet fuel are commodities required for transportation. Additionally,
petroleum is used as feedstock for the petrochemical industry to produce plastics,
rubber, solvents, and many more products (EIA, 2015). According to CIA, 2017,
petroleum was responsible for roughly 2.5% of the World’s Gross Domestic Product
(GDP) in 2016. Furthermore, CIA, 2017 reported that petroleum products accounted for
38.2% of the world’s energy consumption in 2016, making it the world’s leading fuel
and BP, 2016 forecasts that it will remain the leading fuel source for many decades
despite the continuous developments and increasing use of alternative fuel sources.

Due to the importance of petroleum products in the economy, such as driving
recessions, fluctuations in the price are carefully monitored by economists as well as

the government (Deloitte, 2015). As a result of its driving role in the global economy,



countries are significantly affected by fluctuations and developments in the petroleum
market, either as producers, consumers, or both. The phrase “Oil is wealth” is
commonly used to summarize its importance. Therefore, as a provider of crucial
petroleum products, the petroleum industry plays an important role as a driver of
both a nation’s economy as well as the global economy.

According to CIA, 2017, the petroleum industry is one of the major contributors to
Thailand’s economy, and is ranked as the ninth largest industry in Thailand as of 2016.
Due its geographical location, numerous multinational oil & gas companies use
Thailand as a base for oil refineries and petrochemical plants. This makes the
petroleum industry challenging and difficult to compete for smaller Thai firms.
Nonetheless, through innovations, Thai firms have been able to sustain their businesses
and compete with multinational competitors. To remain competitive, and maintain
their position and sustainability, Thai petroleum refineries must continuously advance
the state of their innovative technologies and commercialization processes in the
industry.

Developments in technological innovations are commonly regarded among
industries as a major source of competitive advantage (McCoy, Thabet, and Badinelli,
2008). Due to the competitive environment of many industries, companies are forced
to continuously expand and improve the portfolio of their products and processes
through innovation. Most innovations in the field of petroleum are process innovations

rather than product innovations (Anbardan, 2013). This is because the petroleum



industry competes in terms of efficiency of their operations and processes. Thus,
innovations which improve process efficiency, or incremental innovations, have
become the main driving force of the industry’s development (Lei et al., 2016).
However, before an innovation can be realized it must firstly start as an invention. As
an opportunity, commercialization of inventions to innovations can be utilized to
provide firms with another source of revenue as well as strategic business
opportunities.

Commercialization is a complex process which involves multiple stages to
complete. When successful, commercialization can bring about competitive
advantages in terms of economic returns and also create opportunities such as
partnerships between companies leading to knowledge sharing (Rosa and Rose, 2007).
However, developing inventions and successfully moving them into the marketplace,
or commercializing, is becoming increasingly difficult due to g¢lobal competition.
Commercializing an invention requires more than just developing a product or process
which functions. The invention must also address and meet the demands of the
market (USDOE, 2000). In this respect, the commercialization process must link the
technical, marketing, and business aspects of a firm (Goldsmith, 2016).

Furthermore, in the petroleum industry, there are many challenges and barriers in
commercializing innovative products and processes. These challenges are mostly
related to the complex characteristics of technology and processes in the industry.

Some examples of these challenges and barriers include:



1. The petroleum industry involves the use of a wide range of processes and
technology such as drilling, ground engineering, petrochemical refining
technology, automation controls, and other assistive technology (Lei et al,,
2016). Therefore, the commercialization process becomes increasingly complex

and is subject to varying.

2. Innovative products and processes are sensitive to laws & regulations, such as
environmental regulations on the emission of greenhouse gases (Anbardan,
2013), and must also comply with local standards such as the Thai Industrial

Standard Institute (TISI).

3. Due to the high amount of uncertainties and resources involved, firms are
discouraged to commercialize inventions if there is a lack of tools or model

(USDOE, 2000).

To address these challenges, a commercialization model can be used to serve as
a roadmap and provide a list of activities to be completed throughout the
commercialization process. According to Lei et al., 2016, the use of a commercialization
model assists by providing an overview of the entire commercialization process,
therefore allowing firms to plan their technical, marketing, and business activities more
efficiently resulting in higher rates of successful commercialization. However, there is

currently no commercialization model for the petroleum industry in literature.



Against this background, this study contributes to the research area of innovation
and commercialization by proposing a model to effectively commercialize product
and process inventions in the studied petroleum firm.

1.2 Company Background

1.2.1  Company Introduction

The studied company, or hereafter referred in this study as The Company, was
established in Thailand, and has over 50 years of experience competing in the
petroleum industry. Currently headquartered in Bangkok, Thailand, The Company
operates one of Thailand’s largest oil refineries and contributes to approximately 21%
of the Nation’s refining capacity. Their main products are separated into three groups
which include:

1. Light Products: Gasoline, LPG, Mixed Xylene

2. Middle Distillates: Diesel and Jet Fuels

3. Heavy Distillates: Bitumen and Fuel oil

Furthermore, The Company constitutes as the core business of a Group, and
provides feedstock to its subsidiaries operating in related businesses to the petroleum
industry such as petrochemicals, solvents & chemical products, lubricants, marine
transportation, and ethanol production.

Although The Company’s oil refinery is considered one of the largest in Thailand,
neighboring countries in the Association of Southeast Asian Nations (ASEAN) operate

much larger and complex refineries. For example, in 2016, Singapore’s largest refinery



owned by Exxon Mobil had a refining capacity of 605,000 barrels-per-day which is
nearly triple the capacity of The Company’s. Furthermore, the complexity of The
Company’s refinery is second-rate in terms of technology and process efficiency.

As a strategy to improve its operations to compete on the ASEAN scale, The
Company has future plans to increase the size and complexity of its oil refinery such
that it reduces the production of low demand products, such as heavy fuel oils or
residue, and increases the production of higher demand products such as diesel and
jet fuel. The Company also has goals to improve their production processes to use
less energy and emission of gasses. In addition, they are finding new ways to compete
due to threats such from advancements in alternative energy sources, and EV vehicles.
Through successful commercialization and innovation, The Company can explore new
products and processes to address these threats, as well as improve their current

operations, and generate new revenue streams.

1.2.2  Company Strategies & Operations

1.2.2.1 Corporate Strategy & Structure

As an industry competing on key commodity products required by the general
public, the prices of products are regulated by the sovernment and are priced similarly
throughout competitors in the petroleum industry. Therefore, importance is given to
the improvement of process and operational efficiency to drive down costs. By
reducing their operation costs, this increases the margin of their petroleum products.

Additionally, The Company gives high importance to creating new revenue streams to



address the predicted future issues of alternative energy sources, such as solar energy.
By applying Porter’s Generic Strategies (Porter, 1980), The Company uses a cost
leadership strategy.

For the corporate structure, The Company currently operates using a functional
organization structure and facilitates cross-departmental communication through an
established multi-discipline committee of Directors. As a functional structure, The
Company’s departments are operated as separate silos with communication only
through each department’s Director. This is meant to drive performance and efficiency
within individual work functions, and also ensure systematic decision-making. However,
The Company has future plans to change to a cross-functional structure to support a
culture of integration to promote effective collaboration in the organization, as well as
between subsidiaries and business partners.

1.222 Innovation Strategy & Culture

With aligcnment to the corporate strategy, The Company’s innovation strategy is to
identify and generate new revenue streams through IP management and business
development. As a result, The Company uses a mix between an incubative strategy
and acquisitive strategy. For the incubative strategy, innovations are developed
internally or through strategic partnerships. However, developing innovations internally
requires The Company to have necessary capabilities, knowledge, and know-how.

Hence, the acquisitive strategy is employed as a supporting strategy to acquire



innovations by other companies through acquisitions and licensing to cultivate such
capabilities while also improving their current operations.

Furthermore, The Company’s innovation culture is to continuously improve the
way they are working to achieve the best efficiency and performance in petroleum
production. This is maintained through a proactive culture which focuses on monitoring
and measurements, management reviews, and diagnosing why errors or inefficiencies
occur.

1.223 Commercialization Strategy

Linking to the innovation strategy, the commercialization strategy for The Company
is separated into two categories which are called as ‘external applications’, and
‘internal applications’. For external applications, the commercialization strategy is to
form strategic partnerships to share knowledge, capabilities, and also risks between
partners in commercializing inventions using an ‘outside-in” or demand-pull approach.
This strategy is frequently utilized as commercializing inventions in the petroleum
industry is complex and involves high risks & uncertainties. Therefore, by including
partners in the process, the risks are shared. In contrast, the internal application
strategy refers to an ‘inside-out’ or supply-push approach using licensing as the main
method of generating revenue from innovations developed from internal processes

such as R&D.



1.224 Current Commercialization Process

Currently, The Company lacks a formalized and documented commercialization
process. Hence, planning the process from the start is required in each project.
Moreover without documentation, planning and management of the project is based
on employee experience and is difficult to review and advise new employees.
Nonetheless, The Company’s commercialization process has some regularity in the
stages of commercializing throughout each project.

During the early stages, an ‘End Game’ is defined to clearly identify the value
proposition, and the value delivered to consumers as either a solution or an
improvement. Using this as a basis, a plan of activities is created to achieve the End
Game. Furthermore, each path of action taken throughout the commercialization
process is chosen to reflect the End Game. The criteria for identifying the End Game
depends on the level of technology and market potential of the invention.

In the intermediate stages, the project is reviewed against the initial plan and
adjustments are made to key aspects such as resource allocation, financing, and
personnel. In addition, the immediate internal and external environment is monitored
for changes such as new laws & regulations, or trends of future recessions and the plan
is adjusted accordingly.

Finally, in the last stages of the commercialization process, the project’s progress

is reviewed once more against the plan for the objectives set and End Game.
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Additionally, potential customers or new partnership opportunities are identified and
engaged.

1.3 Statement of Problem

In the context of the petroleum industry, competitive advantages are gained
through improvements in process efficiency from inventions and innovations. However,
keeping an invention strictly for internal applications is an example of inefficient use
assets since many resources were used for processes such as intellectual property (IP).
To maximize the benefits from an invention, companies should aim to commercialize
it to generate new revenue streams, form new business partnerships, and also improve
the company’s reputation. However as mentioned previously, commercialization is
becoming increasingly difficult due to global competition and changing demands of
stakeholders (USDOE, 2000). According to Lei et al., 2016, companies with documented
plans or a roadmap for commercialization lead to better chances of success.

This research aims to study and improve The Company’s commercialization
process through the development of a commercialization model and identifying
important activities in the petroleum industry. In this context, the commercialization
process includes all stages from moving an invention to successful market entry into
a revenue-generating position. In doing so, the following problem statements of The

Company will be addressed.
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1.3.1 No Standard Process for Commercialization

Currently, The Company’s inventions stop at the IP stage, and do not continue
onto commercialization. This is due to The Company’s current situation of not having
a standard process or procedure to follow when commercializing new products and
processes. As a result, each new innovation project requires developing a new set of
plans. Due to the complex nature of the petroleum industry, different projects may
require distinct aspects to consider such as the material requirements, regulatory
compliances, manufacturing requirements, marketing, and financial details.
Furthermore, there are many uncertainties which may occur throughout the
commercialization process. By failing to address a certain aspect, the success rate of
commercializing a product or process will decrease.

Therefore, developing a new commercialization plan for every project is both
difficult and inefficient. Without standard procedures, there are higher risks involved in
commercializing products and processes in the petroleum industry. This causes
discouragement of commercialization for senior management which is reflected onto

their teams, and ultimately the firm too.

1.3.2 Commercialization Activities are operated as Separate Silos

As the current situation in The Company, the corporate structure makes it so each
work-function manages an individual part in the commercialization process. However
in reality, many stages in the process require the coordination of activities between

different work-functions. For example, the marketing team must rely on coordinating
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with R&D and business development for information before developing their marketing
strategy. Without clearly communicating a commercialization plan, it is challenging for
employees to comprehend how different work-functions operate together.
Consequently, this obscures the relationship between activities and the importance of
working across work-functions. As a result of this, the firm’s current commercialization
activities are conducted as separate silos. This causes resources wasted trying to link

each part of the project together which is both ineffective and inefficient.

1.4 Research Question

In this study, the research question is:
“How can The Company effectively plan and manage the commercialization

process of a product or process invention in the petroleum industry?”

1.5 Research Objective

The objective of this study is to develop a model for effectively commercializing

inventions as products or processes in a petroleum firm.

1.6 Research Hypothesis

To address the research question, this study’s hypothesis is:
“The Company can effectively plan and manage its commercialization process of
a product or process invention in the petroleum industry through developing a

formalized and documented commercialization model.”
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1.7 Assumptions in the Research

1.

An invention is defined as the introduction of a product, process, or method
which is created to improve or replace an existing way of doing things.
Inventions are used internally and may or may not have commercial potential
An innovation is defined as a product, process, or method which improves or
replaces an existing way of doing things, and has successfully entered the

marketplace.

The commercialization process starts with an invention and ends when the
invention enters the market into a revenue-generating position where it is then

called an innovation.

Due to the rare occurrence of disruptive innovations in the petroleum industry,

innovations are assumed to be only incremental and radical innovation.

Commercializing supply-push inventions is an extension of demand-pull

inventions, and therefore undergoes similar processes.

1.8 Scope of Research

Firstly, in this research, the development of the model will be designed for

commercializing product and process inventions in the context of Thailand’s

petroleum industry, or specifically The Company. The model is intended for use from

taking an invention to successful market entry only, and does not consider aspects of

scaling-up products after market entry.
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Secondly, the model is designed as a roadmap or checklist of activities which need
to be completed throughout each stage of the commercialization process. However,
this excludes in-depth details of how to complete an activity, for example the process

in developing a business plan.

1.9 Significance and Expected Benefits of the Research

1. A comprehensive model for commercializing inventions as products and
processes which is specific to The Company, and the petroleum industry.

2. An improved commercialization process at The Company through more
efficient planning and management of the process.

3. Support and encouragement from senior management of The Company for
commercializing inventions in the firm.

4. A greater understanding from employees of how separate departmental
activities in the commercialization process are interrelated.

5. Academic contribution of a commercialization model for the petroleum

industry to literature.

1.10 Thesis Structure

To achieve this study’s objectives, the research will be structured into five chapters
which are described as follows:
Chapter 1: Introduction will describe this study’s general research area and its

significance, the studied company’s background, statement of problem, research
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question, hypothesis, research objective, assumptions in the study, scope of the
project, and expected outcomes from this study.

Chapter 2: Literature Review will investigate previous studies in the fields of innovation
theory and strategy, the commercialization process, existing commercialization
models, and corporate model to support innovation.

Chapter 3: Research Methodology describes the proposed action plan of achieving the
research objectives. This will be done through developing a preliminary model, refining
the model, and finally adapting the model to fit the studied company.

Chapter 4: Results & Discussion presents the findings from the research. This is structure
according to the research methodology under headings of the preliminary model,
refined model, and company commercialization model.

Chapter 5: Conclusion summarizes the study in terms of the findings from the research,

limitations, research contributions, and further research.
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Chapter 2: Literature Review

2.1 Innovation

Innovation is commonly viewed by organizations as a key activity which provides
competitive advantages, and can ultimately determine an organization’s success and
sustainability (Isabelle, 2004). In industries, innovation has the ability to create new
opportunities and also transform markets. For example, innovation played a
substantial role in the petroleum industry during the transition from a coal-based to a
petrochemical-based industry (Hassani et al.,, 2017). As a source of competitiveness in
terms of operational effectiveness and efficiency, organizations which continuously
innovate will become sustainable industry leaders (McCoy, Thabet, and Badinelli,

2008).

2.1.1  Background of Innovation in the Petroleum Industry

According to Mcgrath, 2011, the first innovation for the petroleum industry was the
rotary drill which was developed in the 1880s for improving oil drilling. Following this,
remotely operated vehicles, surface mining, synthetic zeolites in petrochemicals, and
microwave and radio technology for discovery and extraction of petroleum were
important innovations in the petroleum industry (Mcgrath, 2011).

However, a recent trend of innovation in the petroleum industry is based on
information technology such as Internet of Things (IoT) and Big Data. According to Mills,

2013, innovations as information technology started in the petroleum industry with
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innovations such as seismic mapping, surface rock formation, and magnetic field
analysis.

As a newly emerging technological trend, Big Data has vast potential in the
petroleum industry. For example, Seshadri, 2013, suggested that Big Data can be
employed to improve the reliability of oil drilling processes through anticipating
problems. Furthermore, Leber, 2012 extends this by finding applications for Big Data in
terms of monitoring and tuning drilling operations for unconventional oil reserves.

From the discussion of the backeround in the petroleum industry, it can be
observed that the nature of key technological innovations in the petroleum industry

are majorly used for process improvement.

2.1.2 Definition of Innovation

As previously mentioned, the scope of this study will be dominantly on the
concept of innovation. Thus, it would be useful to elaborate on the definition of
innovation. According to Porter, 1990, the term innovation was used to describe
processes which exploited new technology and knowledge to create new or improved
products. Similarly, Acton, 2016 defines innovation as the introduction of a product
which is entirely new or an improvement of products available in the past. Additionally,
OECD, 1997 defines innovation as the adoption of technologically enhanced or new
production methods. Extending upon OECD, 1997’s definition, Isabelle, 2004 defines
innovation as the utilization of knowledge or techniques to develop new solutions for

problems. McCoy, Thabet, and Badinelli, 2008 defines innovation broadly as “novel
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products whose inherent criteria define significant change in an institution’s process.”
From the common concepts of the definitions, innovation is defined in this study as a
product, process, or method which serves as a new and more effective solution for
dealing with existing problems or needs. Furthermore, adding to this definition, it
should be noted that innovations can be classified according to the significance of a

change which an innovation brings to a company, industry, or market.

2.1.3 Models of Innovation

The earliest viewpoint of innovation in literature dated back to 1934 by
Schumpeter, 1934. According to Schumpeter, 1934, innovation was historically
regarded as a linear process for the creation of products and processes which started
with research followed by technology development and then finally diffusion. The
conclusion made from Schumpeter, 1934’s linear model was that companies with
better research and development resources had greater outputs of new technology.
This viewpoint concurs with the traditional concept of closed innovation where
organizations relied solely on its internal resources and operations for innovation
processes (Huff, M & slein, and Reichwald, 2013). The rationale behind closed
innovation was to protect valuable information and knowledge-based competencies,
and also be the sole beneficiary by being the first to market new technology
(Chesbrough, 2003).

However, the simplicity of the linear model led to skepticism among authors

(Sekhar and Dismukes, 2009). Additionally, closed innovation was believed to inhibit
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an oreganization’s innovation capabilities by not considering external pressures such as
globalization (Chesbrough, 2003). As a result, innovation was subsequently viewed
contrastingly in a non-linear approach (Hanna et al,, 2015). For example, Yin, 1994
viewed innovation from a demand-pull perspective and speculated that the
consumer’s demands played a dominant role in creating inventions as opposed to
advances in knowledge by research as proposed by Schumpeter, 1934.

Furthermore, another non-linear approach to address the limitations of the
traditional approaches was the concept of open innovation (Westerlund and Leminen,
2011). The term ‘open innovation’ was first coined by Chesbrough, 2003 as
“organisations innovating through integrating external ideas from stakeholders,
customers, and even competitors with an organisation’s internal ideas.” Nonetheless,
both the supply-focused perspective by Schumpeter, 1934 and the demand-pull
perspective by Yin, 1994 are commonly accepted in industries as important concepts
(Nemet, 2007), although more significance is given to the latter (Hanna et al., 2015). A

summary of the views of innovation is illustrated in Table 1.
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Table 1: Summary of Views of Innovation

Name Approach Reference
Supply-push Linear Schumpeter, 1934
Innovation
Closed Linear Huff, M & slein, and Reichwald, 2013
Innovation
Demand-pull Non-linear Yin, 1994
Innovation
Open Non-linear Chesbrough, 2003; Westerlund and
Innovation Leminen 2011

2.1.4  Stages of Innovation

Innovation may come to an organization in two ways, namely by generation or
adoption. According to Hassani et al., 2017, innovations that are generated in an
organization are usually for its own use or for sale to other organizations and the
generation of innovation is process which results in an outcome of a new or improved
product, process, or technology. Adoption occurs if this outcome is then acquired by
another organization (Rosa and Rose, 2007). For the generating organization, it must go
through the stages of innovation. In literature, innovation typically consists of 4-5 stages
depending on the industry (Hassani et al., 2017).

Nonetheless, the stages of innovation proposed are consistent. These stages are:
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1. Idea Generation: The idea regarding a new product, process, service, or method
is conceptualized

2. Proposal: The idea or concept is transformed into a business plan or proposal
for official acceptance

3. Adoption or acceptance: The proposed idea or concept is accepted and
planning of resource allocation occurs. Adoption is for internal use by the
organization whereas acceptance is the market.

4. Implementation or commercialization: The new ‘invention’ is utilized by
organizational members as they perform their tasks (implementation) or

commercialized into the market and transformed into an ‘innovation’.

In this study, the focus will be on the generation of innovation, or more specifically

the commercialization stage.



2.1.5 Classification of Innovations

The path of commercializing an invention into an innovation is dependent on its
classification, and thus it would be impossible to use a single commercialization model
for every innovation. There are many arguments from literature on how to classify
innovations (Hassani et al., 2017). For example, (Dismukes, 2005) classifies innovation

as incremental innovation (continuous), radical innovation (discontinuous), and

disruptive innovation.

High im pad on
architedural knowledge
F'y
Architectural Radical
Innovation Innovation
Low impac on
com ponent
knowledge
Incremental Modular
Innovation Innovation
Y

Lowvim pact on architectural
knowedge

Figure 1: Classification of Innovations

(Source: Henderson and Clark, 1990)

With respect to the petroleum industry, innovations are mostly in the form of
incremental and radical innovation (Gaubinger, 2012). Hence, in this study, the focus
will be mainly on incremental and radical innovations. Incremental and radical

innovations are commonly referred to as classifications with the majority of

innovations.

High im pact on
component
knowledge
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2.1.6 Invention vs. Innovation

The concepts of invention and innovation are commonly misunderstood and used
erroneously. To prevent misunderstanding of the scope of study, it is important to
firstly define and distinguish between the concepts of invention and innovation, the
latter which this study will focus on. In literature, the concepts of invention and
innovation have been discussed to great lengths. However, according to Porter, and
Cunningham, 2005, due to the extremely complicated nature of innovation, such as
industry-specific limitations, it is challenging for authors to present a general theory.

It should be noted that in most definitions, the two concepts of invention and
innovation are interlinked. For example, Jessua et al.,, 2006 defines innovation as the
“process of transforming a new idea invention into a commercially viable product or

service”.
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Figure 2: Life Cycle Model of an Innovation
(Source: Sekhar and Dismukes, 2009)

To further clarify between the concepts of invention and innovation, the life cycle
model of an innovation reported by Sekhar and Dismukes, 2009 is illustrated in Figure
2. From the figure, it can be observed that Stage I (initial stage) and Stage Il (life off and
decay) are the invention stages, whereas the subsequent Stage Il (revival and rapid
growth) and Stage IV (survival stage) are the innovation stages. According to Connelly
and Sekhar, 2012, the invention stages are technically driven as the invention is being
developed into a market innovation. In contrast, the innovation stages are driven by

market, teaming, and financial factors.
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2.1.7  Role of Innovation in the Petroleum Industry

It is important to understand what fuels the continued importance of innovation
in the petroleum industry. Innovation is needed in the industry for:

1. Petroleum Production;

2. Cross-industry Competition;

3. Addressing Problems of Fluctuating Oil Price;

4. Access to Future Oil Reserves.
2.1.7.1 Petroleum Production

A major reason for companies operating in the petroleum industry to innovate and
develop new technologies was due to external pressure from laws and regulations
(Hassani et al., 2017). However, Al-Sharrah et al., 2010 viewed this external pressure as
a business opportunity for innovation rather than an obstacle for the petroleum
industry. It was stated by Al-Sharrah et al.,, 2010 that more innovative firms in the
industry would gain competitive advantages through exploiting their capabilities.
2.1.7.2 Cross-industry Competition

Another reason for companies in the petroleum industry to innovate is due to
competition from other industries. According to Al-Sharrah et al., 2010, innovation plays
a vital strategic role in the petroleum industry’s overall strategy. For example, the
advancements in alternative energy sources and EV vehicles have been a threat to the

petroleum industry as they could someday replace the industry. In this respect, if the
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petroleum industry fails to innovate and improve their technologies for sourcing,
producing and transporting oil and gas, then the industry is likely to find itself going
out of business as demand could drop rapidly owing to successes in innovation and

technology in competing industries.

2173 Addressing Problems of Fluctuating Oil Price

Another major problem for the petroleum industry is the depressed price of oil.
However, several literature argue that depressed oil price is good for the petroleum
industry in terms of innovation. For example, Meehan and Hughes, 2015 argue that
firms have their assets tied in operations during oil price peaks, and therefore have
lower priority and time for innovation.
2.1.74 Access to Future Oil Reserves

Another issue which the petroleum industry must address is the difficult in finding
oil reserves. According to Demirbas et al., 2016, 53.3% of the world’s oil reserves are
in the form of restorable oil such as heavy oil, extra heavy oil, oil sand, tar sands, oil
shale, and bitumen. As a solution, innovation such as Big Data analytics can be

employed.

2.2 Commercialization

As the simplest definition, commercialization is the process of developing and
launching a new product into the market (Isabelle, 2004). However, this definition can
also be misinterpreted as the process of new product introduction, and therefore does

not clarify the term ‘commercialization’.
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Commercialization is a complex process which consists of multiple components.
According to USDOE, 2000, commercialization is defined as the “activities required for
moving a product or process from its conceptual stage to the marketplace”. The
Canadian Panel of Experts (CPE) defines commercialization as a “series of activities
taken to transform knowledge and technology into new processes, products, or
services in response to market opportunities”. Similarly, another definition of
commercialization is the process of “translating knowledge into new or improved
products or technology, and successfully moving them into a position to generate
economic benefits in the marketplace”, emphasizing that commercialization is an
essential part of the innovation process (Isabelle, 2004).

The definitions previously mentioned view the commercialization process from a
broad business view. As a comparison, and to narrow the scope specifically for
commercialization within the petrochemical industry, Lei et al, 2016 defines
commercialization in the industry as successfully developing innovative technologies
with market potential, and moving them into the market to ultimately generate profit,
or simply as “the process from idea to technology development to large-scale
applications”.

Although studies have defined commercialization in many ways, the common
focus of each definition remains similar in the aspects of moving a new product,
process, or service into the marketplace, and generating economic returns. Therefore,

this research defines commercialization in the petrochemical industry as the process
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of moving a product or process from the idea stage to a profit-making position in the
marketplace. This involves activities from the concept definition stage through to
feasibility, design, production, manufacturing, and marketing. Hence, this model is
intended for use at any point until the product or process successfully enters the

marketplace and generates revenue.

2.2.1 The Commercialization Process

In developing our preliminary commercialization model, a breakdown of the
commercialization process into smaller stages is necessary. This will allow us to better
separate activities for each work-function and will also allow us to evaluate the
developed preliminary model against the opinion of industry experts and project case
studies. Clear stage names and descriptions must be determined to prevent confusion
of each stage. Note that these stage names and description are only a basis for the
preliminary model and will be adjusted later to accommodate Thai Oil’s actual
commercialization process. A summary of stages in the commercialization process from
studies is shown in Table 2.

From this summary, there are several similarities in terms of stage names and their
position in the commercialization process, as well as repetition of important stages. In
the early stages, market assessment, concept development, and feasibility study are
present in all reviewed literatures and suggest the importance of these stages.

In the middle stages, product prototyping, product development, and production

planning are commonly seen. As a difference seen in Dehghani, 2015 and McCoy,
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Thabet, and Badinelli, 2008, there are reviewing processes which provide the
organization with feedback. These reviews better help identify potential problems and
support organizations by allowing them to improve their product to better fit with
market needs. By doing this, it helps decrease the amount of risks involved when
commercializing the product. Additionally, this reviewing stage can potentially stop
projects which are not wanted by the market, therefore reducing the amount of wasted
resources. Hence, during the middle stage of the commercialization process there
should be a reviewing stage.

Finally, in the last stages of the commercialization process, IP protection, marketing,
and standardization are common. However, another important stage is the review of
process for product improvement. By introducing a stage for reviewing the entire
commercialization process, specific problems to the product or process can be
improved to better fit market needs. Additionally, organizations can evaluate their
commercialization process for improvements. Furthermore, if a project fails to
commercialize, the reviewing stage will serve as an evaluation of why the product

failed.



Table 2: Summary of Stages in the Commercialization Process

McCoy,
Dehghani, Nevens, | Isabelle, | Lei et al., | Thabet, and
Steps
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|dentify Market Market
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Development| ze Product | Study Study Study
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Feasibility | Feasibility
3 Managem | Developme | Planning
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Product Product
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4
Prototyping | Prototyping |Developm|Demonstratif  Planning
ent on
Initial Product | Managem |Standardiza
Early
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Production
Review nt Rights Processes
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Product Product Product Review of
Production
6 Manufacturi | Manufact | Manufacturi Early
Planning
ng uring ng Production
Marketing [ Marketing
Strategy | Strategy [Standardizatio
7 | IP Protection | Marketing
Developm| Developme n
ent nt
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8
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9
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2.2.2 Commercialization Strategies
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According to Isabelle, 2004, the term commercialization strategy is defined as the

form or process of financing option a firm chooses when moving an idea or invention

into the marketplace. This can be done through directly moving the invention through

internal processes and development or through strategic partnerships using licensing,
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and alliances. On the one hand, developing a value chain from scratch allows the
innovator to enter the product market and compete directly with more established
players (Hassani, 2017). Therefore, choosing an appropriate commercialization strategy
is a major decision which firms must make to ultimately determine the profitability
from its innovations.

While each of the firms is focusing on innovation and developing innovative
products for the petroleum industry, they differ in how they define and choose the
most appropriate strategy that fits both their short- and long-term intentions.

According to Isabelle, 2004, two commonly observed commercialization strategies
in the petroleum industry are:

1. Develop an invention, commercialize and exit

2. Develop an invention, commercialize and provide

With respect to The Company, the second strategy is more suitable as this strategy
is meant to accumulate all the necessary resources for a sharp start and to stay, so as
to become a sustainable game changer. This strategy also requires a considerable
amount of resources, both financial and organizational. Additionally, high uncertainty
is involved in commercializing inventions in the petroleum industry.

In the petroleum industry, the most commonly employed commercialization
strategies are licensing and strategic alliances. Normally companies which are able to
commercialize first are able to reap the full benefits from the marketplace. However,

in a technology-dependent industry with high uncertainty and risks, commercialization
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in the petroleum industry is typically in the form of partnerships because the risks and
uncertainty are shared.
2221 Commercialization Strategy 1: Licensing

In many firms, licensing is the commercialization strategy of choice. Using this
strategy, the innovating firm gets financial returns from the licensee firms throughout
the agreed period. As a result, the licensee gains permission to legally utilize the
innovation and learn its know-how.
2222 Commercialization Strategy 2: Strategic Alliances

The strategic alliance strategy is when a firm forms a partnership with another firm
for strategic purposes such as sharing know-how. Additionally, a strategic alliance may

be formed to exploit a firm’s capabilities as well as share risks involved.

2.2.3 Commercialization Models

Currently, the petrochemical industry has no commercialization model. This is due
to the complex nature of the industry combined with different approaches to
commercialization which vary throughout each organization. Therefore, no single
commercialization model or framework alone is suitable for commercialization in the
petrochemical industry. Nonetheless, organizations can develop a commercialization
model and adapt it to its industry by analysing the basic components of models from
other industries. By understanding the basic elements of commercialization, a
comprehensive commercialization model can be formulated through integrating

relevant key aspects applicable to a specific industry (Rosa and Rose, 2007). Hence, in
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the process of developing a preliminary commercialization model for the
petrochemical industry, firstly an appreciation of other industry models is important.
In the literature, there are various commercialization models from multiple
industries. To narrow the scope of the literature review, only commercialization
models which seem applicable to the petrochemical industry’s characteristics were
reviewed. This section seeks to explore viable options of commercialization models
from other industries. This review will firstly begin with generic theoretical-based

commercialization models before moving onto industry-based models.

2.2.4  Generic Commercialization Models

Generic commercialization models are commonly used as a foundation for
developing industry-specific commercialization models (McCoy, Thabet, and Badinellj,
2008). This is due to their broad description of stages in the commercialization process
and the activities required. Furthermore, certain stages proposed in the generic models
may be omitted or expanded depending on the importance to a certain industry.

One of the most commonly used generic commercialization models is Goldsmith’s
model. According to Goldsmith, 2016, the objective of Goldsmith’s commercialization
model is to serve as a ‘roadmap’ for enabling organizations to develop plans relating
to commercialization. The model provides a strategic framework for sets of actions or
“best practices” required for successfully commercializing advanced technologies

(Rose and Rose, 2007). Furthermore, Goldsmith’s model can be used as a checklist for
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tracking progress throughout the different stages in the commercialization process
(Isabelle, 2004).

In Goldsmith’s model, the commercialization process is broken down into a
sequence of 18 steps that are segmented as three main phases: the concept phase,
the development, and the commercial phase. For each phase, Goldsmith proposes
three types of decisions or activities which must be considered throughout the
commercialization process, namely technical, marketing, and business activities. This

is displayed in Figure 3.

TECHNOLOGY COMMERCIALIZATION MODEL

S TECHNICAL MARKET BUSINESS
8 | STAGE 1 TECHNICAL MARKET NEEDS VENTURE
g ANALYSIS ASSESSMENT ASSESSMENT
E Investigation STEP 1 STER 2 STEP 3 T
STAGE 2 TECHNICAL MARKET STUDY ECONOMIC
Feasibil FEASIBILITY il FEASIBILITY
Ty STEP 4 STEP & T
g STAGE 3 ENGINEERING STRATEGIC STRATEGIC
PROTOTYPE MARKETING PLAN BUSINESS PLAN
g Development STER7 STEP B STER ¢ T
STAGE 4 FRE-PRODUCTION MARKET BUSINESS
: PROTOTYPE VALIDATION START-UP
Introduction STEP 10 STEP 11 STEP 12 T
STAGE 5 SALES AND BUSINESS
Growth Pﬂ{;?é"ﬂ'f“ DISTRIBUTION GROWTH
STEP 14 STEF 15 T
g STAGE & PRODUCT MARKET BUSINESS
; SUPRORT DIVERSIFICATION MATURITY
Maturity STEP 16 STEP 17 STEP 18

Figure 3: Goldsmith's Model

(Source: Adapted from Goldsmith, 2016)
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However, Goldsmith’s model was designed as a market-push framework for the
successful commercialization of new products, processes, and ideas or only for
emerging and disruptive technologies (Goldsmith, 2016). According to Isabelle, 2004,
emerging and disruptive technologies only account for a very small percentage of total
innovation, whereas the bulk of innovations are market-pull technologies. Hence, a
limitation of Goldsmith’s model is that it is suitable only for commercializing new
technology and not incremental innovation (Rosa and Rose, 2007). Moreover,
Goldsmith’s model is a linear framework and therefore lacks the flexibility regarding
feedback of information throughout the commercialization process.

Similarly to Goldsmith’s model, the USDOE model (sometimes referred as Rourke
Model) serves as a guide to show major obstacles in the commercialization process by
breaking down obstacles into smaller components which are then translated into a set
of actions required to overcome them. The activities in the USDOE model are
segmented into three functions and three stages (Figure 3). Compared to Goldsmith’s
model, the stages and activities based on technical, marketing, and business decisions
are analogous. Moreover, the USDOE model is also a linear model and lacks the ability
for reviewing information in the commercialization process.

A major take-away from the generic models described in this section is the
appreciation of similar key stages and activities required for commercialization, along
with distinguished key aspects in terms of technical, marketing, and business decisions.

In contrast, Shaw, O’Loughlin, and McFadzean, 2005’s model offers a more collective
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description of the distinct phases in the commercialization process as discovery,

opportunity, finding, application, and adoption & diffusion (Figure 4). However, Shaw,

O’Loughlin, and McFadzean, 2005’s method of describing the commercialization

processes makes it difficult to separate activities for each work function, and thus

diminishes the transparency of a linkage between all commercialization decisions

within an organization.
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Figure 4: USDOE Model

(Source: USDOE, 2000)

and Zweimuller,

2012

states that a well-defined

commercialization process should provide transparency for all departments within an

organization. This is to effectively communicate the progress of the commercialization
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process, and also communicates how the product fits with the organization’s overall

goals (McCoy, Thabet, and Badinelli, 2008). Furthermore, Isabelle, 2004’s study

New Need { Needs of Socicty and the Market Place E
Discovery Opportunity Finding Applicati Adoption and Diffusion
Idea Opportunity |  Research Development 1 Marketplace
Generation Recognifion |Opportunity of idea Commert g Runtion Dy
Storage and Organisation
re-
distribution Input H Entrepreneurial Catalytic Transformation H Om_] Suppliers

of feedback
and learning

Strategic Framework

New Technology | { State of the art Technology and Production ]'

Figure 5: Shaw, O’Loughlin, and McFadzean, 2005’s Model

(Source: Shaw, O’Loughlin, and McFadzean, 2005)

concludes that businesses using a well-defined commercialization process which link
decisions between departments within an organization are more successful at
commercializing products.

From the review of generic commercialization models, Goldsmith’s model and the
USDOE model are suitable for incorporating into developing our commercialization
model for the following reasons:

1. Generic models are commonly used to provide a foundation for industry-
specific commercialization models. Stages and activities proposed by the
models can be overlooked, replaced, or expanded depending on the
importance of a certain stage for an industry. Additionally, the models are

flexible to change, thus combining other commercialization models is possible.
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Due to the absence of a commercialization model in the petrochemical
industry, the integration of other models is important since no single model
alone is suitable for direct application.

2. Although the USDOE model is a commonly used generic model, it was
designed for the energy industry. In many aspects, the petrochemical industry
has key similarities with the energy industry in terms of the complexity of the
technology, the uncertainties and risks involved, the sensitivity of technology
to laws & regulations, and the large-scale and costs involved in
commercializing technology (USDOE, 2000). Hence, the USDOE should provide
several stages and activities which are important and relevant to developing a
commercialization model for the petrochemical industry. Additionally,
Goldsmith’s model was designed for commercializing advanced technologies
which is also present in the petrochemical industry.

3. The models provide a rather complete and detailed list of commonly used
stages and activities for the commercialization process. Additionally, the
activities are linked through technical, marketing, and business decisions. This
addresses the issue of having well-defined and linked processes within an
organization as previously mentioned (Gaubinger, Schweitzer, and Zweimuller,

2012; Isabelle 2004).

However, despite the suitability of incorporating the generic models for the

development of our commercialization model, the models were designed as market-
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push and linear frameworks. Due to the high costs and risks involved, most products
and technologies in the petrochemical industry are based on in incremental innovation
or are market-pull in nature. Additionally, the petrochemical industry is competitive in
terms of efficiency, thus feedback of information is important to continuously improve
the product or process. Therefore, other commercialization models must be integrated
to eliminate these limitations of the generic models. The next section will expand the

review to industry-based commercialization models.

2.2.5 Industry-based Commercialization Models

Although the previously mentioned generic models provide a good basis for
developing our commercialization model, they are primarily based on theory and have
limitations. Therefore, they lack certain practicalities which are required for application
in the petrochemical industry, such as its lack of ability to review information. To
compensate for such limitations and to further expand the understanding for
developing a suitable commercialization model, a review of practical industry-based
models is necessary. This section will be split into four sub-sections according to
important factors which should be considered in developing our commercialization

model.

2.2.5.1 Early Stages of Commercialization are Important

In many industry-based models, the central theme was major problems could be
avoided if the early stages of the commercialization process are completed strongly.

Casto, 1994’s model highlights a process at the early stages of the commercialization
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process called “concept definition”, and argues it as a highly important process which
should be a part of any commercialization model (Figure 6). Isabelle, 2004 extends
this argument and states that concept definition should not only be used exclusively
for the product, but rather focused by the entire organization to better understand
how the product fits with the organization’s objectives.

Furthermore, the Australian Commercial Progression (ACP) model emphasizes
incorporating a process called “rapid risk reduction” as a review of the early stages to
increase the success rate of commercialization (Isabelle, 2004). As an example, McCoy,
Thabet, and Badinelli, 2008’s study of commercialization in the residential industry
concluded that the majority of actions viewed as “key activities to successful
commercialization” by expert opinions mainly occurred at the early stages of the
commercialization process.

From these studies, it can be concluded that high importance should be placed
on the early stages of the process to ensure successful commercialization (Casto 1994,
Isabelle 2004, McCoy, Thabet, and Badinelli, 2008). Additionally, there should be a
review stage, as stated by the ACP model, to reduce the amount of uncertainties
involved, and fix problems during the early stages where not many resources have
been consumed yet.

In the development of our commercialization model, importance will be placed
on the early stages such as market assessment, concept development, and feasibility

studies, and also and their corresponding activities. There will also be an additional
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stage to perform a review and provide feedback through activities such as product
prototyping, and process reviewing.
2252 Feedback of Information and Linkage of Activities are Important
Alongside the importance of the early stages in commercialization, Casto, 1994’s
study of Concept Definition: A New Model, also identified three other major problems
in the commercialization process as:
1. The rather linear approach which was present in many commercialization

models,

2. The failure of models to explain the relationship between all activities in an

organization during the commercialization process,

3. Problems and barriers caused by organizational structure.

Development
loop

Breakthrough

Decision loop

I Development
(real time)

loop

Derivative

Concept

Derivative
Development
loop

Derivative

Figure 6: Casto’s Model
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(Source: Casto, 1994)

Problems one and two can be solved by the commercialization model, and
therefore must be focused on. In addressing the first problem, Casto, 1994’s model
proposes that while the concept definition process should be connected to the other
commercialization activities, concept definition should additionally operate
concurrently in a reiterative loop (Figure 6). This allows the model to provide feedback
of information to the organization where there is a review stage. Likewise, Shaw,
O’Loughlin, and McFadzean, 2005 further emphasizes the importance of concurrent
actions and a reiterative loop with her framework (Figure 5).

In addressing the second problem, Casto, 1994 emphasizes the importance of
breaking down the commercialization process into distinct components to provide an
overview of the commercialization process. Good examples of this are the generic
models mentioned in section 4.4. However, the activities detailed in Goldsmith’s
model and the USDOE model must firstly be segmented into separate work-functions.
This will provide a visual representation of the relationship between activities in an
organization and provide a holistic view of the overall commercialization process.

Concluding this sub-section, Casto, 1994’s model and Shaw, O’Loughlin, and
McFadzean, 2005’s model provided insight to the importance of having a
commercialization model being looped in nature. The flexibility provided with these

looped models allows necessary feedback of data, and therefore offers organizations
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the ability to review their commercialization process. In practice, a stage for reviewing
the processes is ideal as it allows integration of new information to improve the
product or process, or even the current commercialization process. Furthermore, the
second problem of having linked activities within an organization is addressed by
incorporating Goldsmith’s model and the USDOE model which distinctly describe the
stages and activities to be completed.

In the development of our commercialization model, importance will be placed
on separating activities into their respective work-functions to provide a visual overview
of the commercialization process and its relationship network. Additionally, the
developed model will provide organizations with the ability to review information.
2253 Protection of Intellectual Property is Important

In other literature of industry-based models, great emphasis is put to illustrate the
importance of intellectual rights. Isabelle, 2004 states that the majority of innovative
projects are unsuccessful due problems with IP. Similarly, Gaubinger, Schweitzer, and
Zweimuller, 2012 associated IP with challenges in successfully commercializing
products and processes in the petrochemical industry. Gully, 2004’s model
incorporates a vast amount of legal considerations into the commercialization process.
Furthermore, similarly to the models mentioned previously, Gully, 2004’s model
focuses on the early stages of the commercialization process and uses a reiterative

loop diagram with a breakdown of the process into stages. Likewise, the ACP model
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integrates activities regarding IP throughout each activity in the commercialization
process (Isabelle, 2004).

Gully, 2004’s model is suitable for integrating into the development of our
preliminary commercialization model as it addresses the problems with IP, and
reinforces our preliminary model in legal aspects which are required for successful

commercialization.

2.2.6  Practical Examples of Commercialization Models

An example of a commercialization model which incorporates several key factors
mentioned in the previous sections is McCoy, Thabet, and Badinelli, 2008’s model for
the residential industry which is displayed in Figure 7. The residential industry shares
several similarities with the petrochemical industry in terms of the nature of products
and processes such as:

1. The products or technology is usually large-scale and involves high costs. Thus,

the key considerations for firms will be the uncertainties and risks involved, as

well as the firm’s perceived benefits.

2. Products and processes are prone to be sensitive and may be inhibited by

certain laws & regulations such as environmental regulations.

3. Process innovation is usually in the form of incremental innovation to improve

the efficiency of operations
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4. Products and processes used in the industry may be the ideal technology for

one plant but incompatible with another plan due to site variability.

Although McCoy, Thabet, and Badinelli, 2008’s model was designed in different
context, certain aspects can be used to adapt and incorporate into our preliminary
model due to the similarities in the application and intended use of the model. For
example, a key characteristic of the model is that it expands business-related activities
in the commercialization process to incorporate all relevant work functions in an
organization. This modification provides more practicality as it details the work
functions and their respective activities, which occur concurrently, to complete for
each stage in the commercialization process. Additionally, this provides an overview
of the commercialization process in an organization, thus relationships of each activity
can be established. Organizations which are more successful with commercialization
view the process as overlapping phases that involve many work functions
simultaneously (Nevens, 1990).

Expanding on McCoy, Thabet, and Badinelli, 2008’s model, Gaubinger, Schweitzer,
and Zweimuller, 2012’s model includes other useful aspects such as the integration
of KPIs and management tools which are specifically chosen for a stage in the
commercialization process. However, the limitation of this model is that it combines

all activities into a single set. This model is displayed in Figure 8.
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2.2.7  Summary of Existing Models
A comprehensive review of studies provides a greater understanding and offers

many valuable insights into key aspects of commercialization for developing our
preliminary commercialization model for the petrochemical industry. As a foundation
for our preliminary model to be built upon, firstly commercialization is defined in this
research as the process of moving a product or process from the initial idea stage to a
position in the marketplace where it can generate revenue for the organization. The
design of this preliminary model is therefore limited to use up until a product or
process successfully enters the marketplace in a revenue-generating position.

Once the basis for the preliminary model is established, important factors relating
to successful commercialization will be incorporated into the model. These factors
include:

1. Great importance should be placed on the early stages of commercialization.

2. For organizations to review the commercialization process, feedback of

information is necessary through a reiterative loop.

3. For simplicity and transparency throughout the organization, the

commercialization process should be broken down into smaller distinct stages.

4. Due to many projects failing to commercialize from intellectual right problem:s,

the legal aspect is an important factor.
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2.3 Gaps in the Commercialization Models from Literature

Although the previously mentioned commercialization models were chosen
because of their suitable for integration into our preliminary model for the petroleum
industry, there are several gaps in the models. These gaps can be eliminated, thus
improving our commercialization model. A summary of the literature review of existing
models, both generic and industry-based, is show in Table 3.

From this summary, firstly it can be observed that a gap in literature is that there
are currently no existing commercialization model for the petroleum industry.
Additionally, none of reviewed models were based on operating environments in Asia.
Another gap in the reviewed commercialization models is the lack of a network
diagram to illustrate the sequence of activities in the commercialization process. This
is because the models were broadly designed for use at the industry-level.

Many of the reviewed commercialization models isolate the activities for
protection of IP and legal aspects as separate processes. These contrasts with the
matter that many innovative projects fails to commercialize in the petroleum industry
due to issues in IP and laws & regulations. A more appropriate approach would be to
incorporate relevant activities relating to IP protection and legal aspects for each stage
of the commercialization process. By doing this, users are reminded of legal actions

which must be considered throughout the process.
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Chapter 3: Research Methodology

3.1 Development of the Commercialization Model

From literature, there have been several studies of commercialization models,
both generic and industry-based. However, there is currently no model which
addresses the specific needs and environmental context of commercializing inventions
in the petroleum industry. The process of commercializing inventions in the petroleum
industry is complex. The objective of this study is to develop a model which allows
The Company to effectively commercialize inventions in the petroleum industry.

This study will rely on a combination of qualitative and quantitative research
methods for the following reasons. Firstly, the petroleum industry currently has no
existing commercialization model in literature to build upon. Therefore, qualitative
data collected from relevant knowledge from literature of existing models in other
industries as well as interviewing industry experts in Thailand’s petroleum industry is
required as a foundation for development of the model. Secondly, a quantitative
evaluation survey of the developed model can be used so that the findings can be
analysed using tables and graphs for trends and relationships. Additionally, following
the results of the quantitative survey, another qualitative survey can be used to
support the trends and relationships through identifying the rationale behind the

evaluation.
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For the research design, the development of the commercialization model will be

separated into three stages to achieve the research objective:

1. Development of a Preliminary Model

2. Refinement of the Model

3. Company Case Study

Table 4 illustrates the stages and their outputs.

Table 3: Stages of Methodology and their Outputs

Stage in Methodology

OQutput

Model Level

Development of a

Preliminary Model

Preliminary

Commercialization Model

Industry-level

Refinement of the Model

1. Refined
Commercialization
Model

2. Industry

Commercialization

Industry-level

Model
Company Case Study Company Company-
Commercialization Model level
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It should be noted that the objective and intended use of each model is
different. For example, the preliminary model is designed to incorporate data on an
industry-level. With respect to the research objective, the models are scoped down
throughout each stage until a suitable company-level commercialization model is

developed.

3.3 Stage 1: Development of a Preliminary Model

Without an industry-specific model to serve as a basis, the first stage requires a
preliminary model to firstly be developed and built upon. The objective of the
preliminary model is to provide a rough sketch to a fundamental model which
illustrates commonly used stages, work functions, and activities in commercializing
inventions as a summary of data collected from literature review and interviewing
industry experts in Thailand’s petroleum industry. Additionally, the preliminary model
will serve as a foundation for further collected data. The following subsections will

describe the data collection process of theoretical data and practical data.

3.3.1 Theoretical Data Collection

As a foundation for the preliminary model, the process of theoretical data
collection is necessary due to the lack of an existing commercialization model in
literature for the petroleum industry. This process includes assembling information in
terms of general and industry-specific innovation and commercialization theories, as
well as identifying suitable existing commercialization models from literature to

integrate together and form the preliminary model. The information which is required
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for developing the preliminary model includes, but is not limited to, characteristics of
innovation in the petroleum industry, innovation and commercialization strategies
relevant to the petroleum industry, the stages in the commercialization process,
model structure concepts, roles & responsibilities of individual work functions, and
existing commercialization models.

However, not all existing commercialization models from literature may be suitable
to apply in the preliminary model. For example, models which were developed in the
past may have different characteristics as opposed to those recently published due to
the changing competitive environment in the industry. Therefore, the criteria for
selecting suitable models from literature are described below.

331.1 Criteria for Selecting Existing Models from Literature

Defining criteria for selecting existing commercialization models from literature is
important as these models will serve as a basis for developing the preliminary model.
Thus, the following criteria in Table 5 were defined. It was assumed that if an existing
model met all five of these criteria, it was suitable to be applied. However, Criteria No.
5 was arguable. If a model fit all of the other criteria but not Criteria No.5, the model
was evaluated of its importance to the study. Nonetheless, if an exception is made,

the model would still have to be adapted to suit the current operating environment.



Table 4: Criteria of Industry Experts

No. Criteria Importance

1 The model is designed for | Different industries have different
an industry with similar | innovation  characteristics, and
innovation  characteristics | therefore innovation strategies and
as the petroleum industry. | commercialization processes.

Hence, industries with similar
innovation characteristics would
best reflect the needs of
commercialization in the studied
industry.

2 The model is reliable and | As this study’s model will be
has been  successfully | applied using a real company case
tested in the field. study, literature of successfully

implemented commercialization
models in case studies is desirable.

3 The  model integrates | Similarly to the previous criteria,
theoretical knowledge with | the  selected models  from
practical knowledge. literature  should have some

degree of practical knowledge and
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3.3.2

implication to reflect this study’s

objectives.

4 The model has distinct
characteristics or elements
which correlate with this
study’s objectives, scope of
and

study, problem

statement.

Literatures of models which do not
reflect or help answer this study’s
objectives are irrelevant to the

study.

5 The model is developed
recently within seven years

of this study.

Industries are rapidly changing and
therefore literature of models
beyond seven years of this study
(year 2010) may be irrelevant to

the current industry competitive

and innovative environment.

Practical Data Collection
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In addition to theoretical data, practical data is required as this will further extend
the model to be relevant and applicable to Thailand’s petroleum industry. The

objective of this step is to collect data on knowledge, experiences, and opinions of
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industry experts. Furthermore, information on the interviewed company’s
commercialization projects, processes, and activities is desired.

In the past, companies in Thailand’s petroleum industry have been able to
successfully commercialize inventions despite lacking literature on commercialization
model. This suggests that the companies have some form of internal
commercialization procedures and processes which are specific to the company and
petroleum industry. Therefore, further knowledge and experiences on
commercialization can be obtained by interviewing industry experts of Thailand’s
petroleum industry. To ensure that the information obtained from interviews is
accurate, the criteria for industry experts are defined below. This is followed by a
description of the interview design step.

3321 Criteria for Industry Experts

In this study, the criteria used to define suitable interviewees called industry
experts, are separated into two sections. The rationale behind defining two sets of
criteria for industry experts is that this study’s model is intended to provide an
overview of activities of work functions for each stage of the commercialization
process. Since specific activities in individual work functions are best understood by
the employees performing them, it would be more accurate to collect information of
these activities directly. However, the author had a limited amount of contactable

industry experts which therefore led to the separation of selection criteria.
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An interesting point to note was that initially, the criteria for industry experts was
defined as employees who had at least five years of experience in the petroleum
industry and were in managerial positions. However, it was discovered from the pilot
test that several employees with five years of experience in the industry still had not
experienced commercializing projects yet. Furthermore, the information provided by
managers of the activities performed by individual work functions was rather limited.
Therefore, to ensure consistency of data collected from industry experts, the criteria
were separated into two sections. The description of these criteria is listed in Table 6.

Table 5: Criteria of Industry Experts

No. Criteria Requirement

1 | Employees whom are personally At least 4+ years of experience
or departmentally involved in in the petroleum industry.
commercialization projects directly
or have experience with at least

two commercialization projects.

2 | Employees who have indirect At least 8+ years of experience

involvement in commercialization. | in the petroleum industry.

3322 Interview Design

Referring to the objective of the practical data collection step of integrating

knowledge, experience, and opinions of industry experts into the preliminary model,
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a suitable method to collect this data is througsh a semi-structured, face-to-face
interview guided through open-ended questions (Refer to Appendix A). Using an in-
depth interview, the questions involved will be open-ended and therefore provide an
assortment of unique interview answers for analysis. Moreover, a wide range of answers
has higher probability of covering major areas of interest to this study. The in-depth
interview questions were developed through consulting two industry experts.
3.3.22.1 Pilot Test

For validation of the designed interview questions, the interview was firstly pilot-
tested on eight industry experts from different work functions in Company A over a
course of nine days from April 24" - May 2™ 2017. The interviews lasted between two
to three hours and were recorded for analysis. At the end of each interview, the
interviewee was asked to recommend areas of improvement to the interview
questions. The interview questions were then changed accordingly and repeated at
four other companies, namely Company B, Company C, Company D, and Company E.
At each company, eight industry experts from different work functions were
interviewed over a period of five days with similar conditions to the pilot test. It was
discovered that the findings at Company B, Company C, Company D, and Company E
were consistent with the pilot test at Company A. Therefore, due to the limitation of
contactable industry experts, the information from the pilot test at Company A was

included in the study.
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The results from these interviews will be analysed for commonalities, and
discussed as separate key findings. These findings will then be used to integrate with
the theoretical data from literature of existing commercialization models to develop a
preliminary commercialization model for Thailand’s petroleum industry. However, it
should be noted that the author has little experience with innovation in the petroleum
industry. Hence, the preliminary model is only a reflection of the author’s analysis
obtained from qualitative data and literature, and therefore requires further testing

and refinement from commercialization experts.

3.4 Stage 2: Refinement of the Model

The second stage of developing a commercialization model for The Company is
refinement of the preliminary model. For this stage, the preliminary model was
evaluated two times using a combination of a qualitative research method and
quantitative research method, namely:

1. In-depth Interview

2. Likert Scale Survey

In this stage, the objective of is to assess the suitability of the integrated theoretical
and practical data in the preliminary model. In particular, evaluation of aspects such
as the structure of the model, stages in the commercialization process, relevant work
functions involved, the activities of each work function, and the sequence of each

activity were of interest. From the results of the first evaluation, commonalities and
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key findings will be summarized. Then, the preliminary model will be improved using
the findings and recommendations from these experts to develop a ‘refined model’.

To evaluate the refined model, the second evaluation uses a Likert scale survey
to test on a group of industry expert samples. The results from the Likert scale survey
will be statistically analysed for determining relationships and to justify the elements
in the model. Additionally, the findings from the Likert scale survey will suggest a
general consensus from industry experts of how suitable the model is for

commercialization in the petroleum industry.

3.4.1 Criteria for Commercialization Experts

In evaluating the preliminary model, a new set of criteria for suitable interviewees
was defined, namely ‘commercialization experts’, due to two major reasons. Firstly,
the new set of criteria for commercialization experts was defined to ensure that the
interviewee had sufficient knowledge and experience of commercialization projects in
the petroleum industry to evaluate the preliminary model. Secondly, the author had
access to a limited amount of contactable commercialization experts. This was realized
as a result of the findings from the pilot test.

Initially in the pilot test for evaluating the preliminary model, industry experts from
Company A were used for interview. However, it was discovered that employees with
a low level of experience in commercializing projects provided inconsistent and mostly
contrasting evaluations as opposed to employees with high experience in

commercialization. For confirmation of these findings, the preliminary model was
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piloted again on industry experts in Company B. The results found were consistent
with the pilot-test at Company A, and therefore supported the argument for a new set
of criteria for commercialization experts. The criteria for commercialization experts are
described in Table 7.

Table 6: Criteria for Commercialization Experts

Criteria Requirement

Employees who have been actively | At least 5+ years of experience in
involved in  commercialization | the petroleum industry  with
projects. involvement in at least 3+

commercialization projects.

Employees who have been inactively | At least 10+ years of experience in
or indirectly involved in | the petroleum industry  with
commercialization projects. experience in at least 5+

commercialization projects.

3.4.2  First Evaluation: In-depth Interview

In the first evaluation, a total of eight commercialization experts were interviewed
face-to-face using a semi-structured approach with open-ended questions. The
interviews lasted two to three hours on average, and were conducted over a period
of five days from May 15" - May 19", 2017. The commercialization experts were asked

of their personal opinions, recommendations for the model, and also to compare
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aspects of the preliminary model with those currently practiced at their company.
These aspects included relevant work functions, the activities performed by work
functions, and stages in the commercialization process. The interview questions were
designed with consultancy from two commercialization experts. The findings from
these interviews will be summarized and used to improve the preliminary model to a

refined model.

3.4.3 Second Evaluation: Likert Scale Survey

In the second evaluation, a five-point scale Likert scale survey of twelve key items
was designed to evaluate the elements of the refined model (Refer to Appendix B).
The degree of the scale was coded as 1 = strongly disagreeing with the item statement,
and 5 = strongly agreeing with the item statement. The survey was designed with
consultancy from two commercialization experts and sent by email to 19 contactable
commercialization experts in Thailand’s petroleum industry. The total population size
was limited to 19 commercialization experts due contactable experts. Of these 19
commercialization experts, 15 experts replied with their survey completed which
resulted in a sample size of 80% of the total population size. A sample size capturing
at least 75% of the total population is sufficient to represent the group. The results
from the Likert scale survey will be statistically analysed to find commonalities, and
relationships between elements in the model. At completion of this step, the output

model is called an ‘Industry Commercialization Model’.
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3.5 Company Case Study

The final stage of developing the commercialization model is evaluating the
industry commercialization model using The Company as a case study. The objective
of this stage is to modify the industry commercialization model such that it is specific
for use in The Company as a roadmap of only key activities and work functions at each
stage of the commercialization process. This objective will be achieved through
conducting an open-ended interview with The Company’s innovation manager,
hereafter referred to as Manager 1, who is responsible for planning and managing the
commercialization process.

The data which will be collected from the interview includes The Company’s
innovation and commercialization strategy, the current commercialization process, and
the involved work functions and their responsibilities. Through this collected data, the
industry commercialization model will be adapted to conform to The Company’s
operations, now called the company commercialization model.

Additionally, data on The Company’s current organizational structure will be
collected and analysed. To support the company commercialization model, a new
corporate model will be recommended.

At the end of this last stage, a total of three models will be developed which are:

1. A Company Commercialization Model

2. An Industry Commercialization Model

3. A Corporate Model
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The role of the company commercialization model is to serve as a roadmap of
important key activities to be completed by work functions during each stage of the
commercialization process. The purpose of the industry commercialization model is
to support the company model by providing employees with an overview of the entire
commercialization process, the activities involved at each stage, and also the
relationship between individual work functions. Additionally, the corporate model is
designed to also support the company model such that The Company’s organizational

structure is best fitted to accommodate the model to its operations.

3.6 Data Analysis

In this study, data analysis will occur throughout each of the three stages of the
methodology. In stage 1, quantitative analysis methods will be used to analyse the
collected data. For theoretical data, the theories and existing models from studies
will be analysed through the literature review. Areas of particular interested include
stages in the commercialization process, structure of model, and responsibilities of
work functions. Then, the data from interviewing industry experts will be transcribed,
analysed, and summarized into key findings.

In stage 2, a quantitative analysis of the data collected from interviewing
commercialization experts will be used. The areas of interest for evaluation include
the stages in the commercialization, the activities of work functions and their
sequence, and the structure of the model. The data from the interviews will be

transcribed and summarized into key findings. Following this, a qualitative analysis of



the data collected from the Likert scale survey will be used. This will be done by
developing tables and graphs of the data to identify relationships, and also justify
elements in the model through visualizing a general consensus of the
commercialization experts.

In stage 3, a quantitative data analysis will be used to evaluate the data
collected from interviewing The Company’s innovation manager. Similarly, the data
will be recorded, transcribed, and then reviewed to analyse for areas of

improvement and adaptions required to fit application in The Company.
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Chapter 4: Results & Discussion

4.1 Preliminary Commercialization Model

The objective of the preliminary model is to provide a structural overview of
commonly used stages, relevant work functions, and activities in commercializing
inventions. Thus, the development of the preliminary commercialization model will
be broken down into three key considerations for data collection which are:

1. Structure of the Model

2. Stages in the Commercialization Process

3. Work Functions & Activities

4.1.2 Practical Data

In the practical data collection step, the objective is to collect data of industry
expert’s experiences, opinions, and knowledge specific to commercializing projects in
Thailand’s petroleum industry. A total of 40 industry experts were interviewed face-
to-face, with eight experts from each company. In the study, individual industry experts
will be referred to as ‘Industry Expert #’, where # indicates the number and company.
For example, Industry Expert 1 to Industry Expert 8 are from Company A, and Industry
Expert 9 to Industry Expert 16 are from Company B. A list of the interviewed industry

experts with their work function and company is listed in Table 8.



Table 7: List of Interviewed Industry Experts and their Work Functions

Work | Company | Company | Company | Company | Company | Total
Function A B C D E
Business 1 1 1 1 4
Develop
ment
R&D 1 1 2 1 2 7
Process 1 1 1 1 1 5
Planning
Marketin 2 1 1 1 5
g
SCM 1 2 1 1 5
Finance 1 1 1 2 5
Informati 2 1 1 4
on
Systems
Human 1 1 1 3
Resourc
es
Legal 1 1 2
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From Table 8, it can be seen that only two industry experts from the legal work
function were interviewed. Moreover, the information provided by these industry
experts was rather limited as the industry experts from legal were reluctant to share
their company’s processes due to confidentiality problems. In contrast, seven industry
experts from R&D were interviewed and provided a substantial amount of information
on their company’s processes. Another interesting observation was that industry
experts at some companies were more enthusiastic to share information than others.
For example, Company C, Company D, and Company E openly shared company
information whereas Company A and Company B were more reluctant. From these
findings it can be suggested that the volume of information collected and the validity
of information provided varied according to the work function, and also company.
Therefore from the discrepancy of collectable data, there may be varying accuracy of
information and also a bias towards certain work functions with higher information
volume. For work functions with insufficient or inconsistent data, theoretical data from
literature review was incorporated for support.
4.1.2.1 Structure of the Model

From the results of the interviews, there was insufficient data on a suitable
structure for the commercialization model. This was because although every company

had a commercialization process, they lacked a documented model, roadmap, or
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procedure and the process was informal to semi-formal. Moreover, Company C and
Company D which reportedly used a semi-formal commercialization processes with
documented information was limited to unable to share their processes due to
confidentiality issues. For example, Industry Expert 21 expressed that their company’s
current process of planning the commercialization of inventions is based on personal
experience rather than standard procedures. Thus, the project’s success is heavily
reliant on the team’s experience. Extending this, Industry Expert 22 stated that relying
on experience in an industry which is rapidly changing adds substantial risks and
uncertainties to the project. For example, changes in demand from new threats such
as alternative energy sources have yet to be overcome.

Nonetheless, 32 of out 40 industry experts indicated that they supported the idea
of a formalized commercialization model to serve as a roadmap of possible activities
to be taken. Industry Expert 40 stated that a formalized commercialization model
would help inexperienced employees better visualize the activities involved in the
commercialization process. Adding to this, Industry Expert 15 expressed that a
structured model would help team leaders plan and manage their project’s resources
and timeline more effectively. The rationale behind this argument was that project
leaders could visually compare their project’s current situation to the planned
objectives, such as resource allocation and possible deficiencies, as well as if they are

meeting key milestones.
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From the findings of structure of the model, it can be concluded from the interview
of industry experts that although currently companies have been able to
commercialize projects based on their personal experience, it would still be favourable
to have a formal commercialization model. This is because the model has potential
to plan and manage the commercialization process more effectively thus reducing the
project’s risks when facing unexpected issues. Also, the model can be used as an initial
roadmap for helping inexperienced employees visualize the process
4.1.2.2 Stages in the Commercialization Process

From the interviews of 40 industry experts, it was discovered that all interviewed
companies had around five to seven stages in commercializing inventions. Additionally,
the stages and their descriptions were consistent throughout each company. This
suggests that although information on internal processes is not propagated, the
commercialization environment of the petroleum industry has led companies to
develop similar commercialization processes. Thus, it can be argued that these findings
of stages in the commercialization process have been optimized by the interviewed
companies for application in Thailand’s petroleum industry. A summary of the stages
and their description are listed in the following subsection. Furthermore, a comparison
of the stages from the interviews is listed in Table 9. Since the findings of the stages
from each individual company were similar, they were grouped at a company level.

Table 8: Summary of Stages in the Commercialization Process of Interviewed

Companies



Company | Company | Company | Company | Company
A B @ D E
Project Feasibility | Feasibility Project Invention
Feasibility Study Study Evaluation | Assessment
Planning Business Business Business Business
and Proposal Plan Plan Plan
Developm
ent
Marketing | Review of | Marketing Review Review of
proposal Plan Plan Plan
Manufactu | Developme Testing Marketing Testing &
ring nt & Plan Modificatio
Testing n
Market Improveme | Modificatio | Testing & | Developme
Release nt n Modificatio nt
n
Market Market Standardiza Market
Release Release tion Release
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Market

Release

4.1.4  Summary of the Stages

4.1.4.1 Early Stages

In the early stages of the commercialization process, the focus was on strategizing,
project feasibility, and business planning. Although the stage name used at each
company varied, their descriptions were relatively consistent.

4.14.1.1 Strategizing

In the first stage, objectives for commercializing the invention are determined.
Based on this, the activities throughout the project are reflections of how the company
plans to achieve these objectives. The objectives of the commercialization project are
separated into two categories.

Firstly, the objectives are identified based on the invention’s financial returns which
are called financial objectives. Consequently, these financial objectives determine a
project’s allocation of budget and resources. Secondly, objectives are identified based
on an invention’s business opportunities and prospects which are called prospect
objectives.

According to Industry Expert 25, a project usually comprises of a combination
between financial objectives and prospect objectives. However, Industry Expert 9
stated that the prospect objectives are usually inversely proportionate to financial

objectives. For example, inventions which have high prospect potential will still be
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commercialized despite having low financial returns. Nonetheless, a project must still
have a feasible level of financial returns as noted by Industry Expert 17.

4.1.4.1.2 Project Feasibility

For the project feasibility stage, this involved assessing or evaluating the invention
for its commercial potential and application. The main evaluations of the invention
are in terms of its technical, financial, and business aspects. Furthermore, the project
is evaluated on its potential to deliver value to the business, and alignment to the
corporate strategy. According to Industry Expert 7, the project feasibility stage serves
as a filter of commercially incompetent inventions. It was mentioned that only about
1 in 10 inventions are feasible. If an invention possesses commercial potential and is
feasible, it passes through to the next stage which is business planning.

4.1.4.1.3  Planning

In this stage of the commercialization process, a business plan is developed to
elucidate the required resources, estimate demand and financial returns, develop a
marketing plan, and most importantly, decide a suitable commercialization strategy.
According to Industry Expert 17, the selected commercialization strategy must align
with the innovation strategy as well as the corporate strategy. For example, strategic
partnerships are more suitable than the licensing strategy for projects which have
business prospects and are aimed to provide business development rather than high
returns. Furthermore, the commercialization strategy drives the design of activities to

be taken and the outcome.
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4.1.4.2 Later Stages

In the later stages of the commercialization process, the focus is on field-testing
the invention, modifying it, and then finally market release.

4.1.4.2.1 Testing & Modification

The testing stage allows the invention to be tested in the field during operations.
According to Industry Expert 18 and Industry Expert 26, the testing stage is usually
separated into three major test groups, namely the initial test, secondary test, and the
final test. For the initial tests, the objective is to identify technical issues to resolve
before commercializing. For the secondary tests, the objective is to improve financial
returns through identifying areas which can reduce costs. And lastly, for the final tests
the objective is to approve of any modifications made. Therefore, some companies
group the testing and modification stages together. According to Industry Expert 2, if
the strategic partnership strategy is chosen for commercialization, the invention is
usually tested on the partners company also. By doing this, it helps identify further
issues which may occur when the invention is commercially applied at other
companies.

4.1.4.2.2 Market Release

The final stage of the commercialization process is market release. In this stage,
the invention turns into an innovation and is officially released into the market for
commercial use. As stated by Industry Expert 36, “the success of the market release

stage was already determined in the early planning stages”. However, this is not always
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the case as explained by Industry Expert 28. Sometimes, although the planning stage
may be completed perfectly, the invention may still not be successfully
commercialized. This is due to the reality of operating in an industry with commodity
products, and with high uncertainty and rapidly changing factors. For example, Industry
Expert 37 mentioned unpredictable external factors such as financial crisis in 2008
which caused a sudden plummet in demand and immediately rendered any near-
completed or on-going commercialization projects pointless.
4.1.4.3 Work Functions & Activities

From the interviews, industry experts from a total of nine work functions were
interviewed (refer to Table 9). A summary of the findings are presented in the following
subsection. The findings will be grouped according to the work functions. Note that
these work functions were selected as they were the most common, yet important,
work functions at every company.

4.1.43.1 Business Development

The business development function is on a corporate-level and is responsible for
identifying and pursuing new strategic business opportunities, as well as creating long-
term value for company. These opportunities should be linked to the company’s
mission and corporate objectives. For example, Industry Expert 9 mentioned that if
increasing the company’s innovation is a corporate objective, the responsibility of the

business development function would be to identify new market opportunities from
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drivers of innovation, such as laws & regulations. Additionally, business development
handles identifying potential partnerships and other commercial relationships.

41432 R&D

The R&D function focuses on the technical areas of operations. This work function
is mostly comprised of engineers who are continuously looking for ways to improve
machinery, equipment, and processes through higher efficiency or cost reductions.
Additionally, in most of the interviewed companies, the R&D function consists of a sub-
function which is called the Innovation function. In terms of innovation, the R&D
function is given high importance since the petroleum industry competes in terms of
process improvement and gaining more efficiency. In this sense, the R&D function was
referred to as “the powerhouse of innovation” by Industry Expert 33.

In the commercialization process, the R&D function is responsible for the technical
aspects of the invention and operations. This includes activities such as formulating a
technical design and definition of the invention, field testing, and adaptions made to
the invention.

4.1.4.3.3 Process Planning

For the process planning function, their main responsibility is to keep the oil
refineries operating at their optimal point through monitoring, planning, and improving
the company’s internal operating processes.

In the commercialization process, this work function’s responsibility is to maintain

steady operations despite the changes being made. According to Industry Expert 3, the
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process planning function also designs the internal processes to support the other
functions activities.

4.1.4.3.4 Marketing

In the petroleum industry, the marketing function’s responsibility is to observe,
understand, and forecast future market trends. Additionally, according to Industry
Expert 5, the marketing function analyses the trend of alternatives to petroleum such
as solar energy, and benchmarking the company’s operations against competitors.

In the commercialization process, the marketing strategy and plan is devised by
this function. This includes activities such as assessing the commercial potential of an
invention when compared to market trends and consumer demands. Additionally, the
marketing function is responsible for identifying potential partners and new market
opportunities.

4.1.4.3.5 Supply Chain Management (SCM)

The SCM function handles the company’s external processes and with
stakeholders along the supply chain including suppliers, outsourcing options, and
customers. Additionally, SCM must handle the demand forecasts on a company-level
and acquire the required resources. Similarly to the marketing function, the SCM is also
responsible for identifying potential partners if a strategic partnership strategy is
employed.

According to Industry Expert 12 and Industry Expert 22, in commercializing an

invention, the SCM is responsible for evaluating and adjusting certain aspects of the
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company’s current supply chain such that it accommodates the commercialization
project and the new invention.

4.1.43.6 Finance

The role of the finance function is to handle all financial aspects such as capital
management, acquiring necessary financial resources, and estimating the company’s
financial returns. In the commercialization process, the finance function is responsible
for evaluating the inventions financial feasibility in terms of the costs vs. returns.
Additionally, they estimate and plan the total financial resources required for
commercializing an invention.

4.1.4.3.7 Information Systems

In the current digital age, the information systems function is the backbone of the
company by providing technology infrastructure for communication systems and
management of data. According to Industry Expert 31, communication systems are
becoming increasingly important due to the advancements in Internet of Things (loT)
and big data. Additionally, Industry Expert 14 and Industry Expert 15 stated that loT
and big data will become core technologies in gaining competitive advantages in the
petroleum industry.

In the commercialization process, the information systems function is responsible
for designing or revising, and implementing communication systems. The

communication system should be capable of disseminating information to relevant
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work functions throughout the company. Additionally, this function handles the system
for management of data.

4.1.4.3.8 Human Resources (HR)

HR supports the company by employing personnel and workforce, training, and
developing teams. Furthermore, HR enforces the company culture and regulates the
company’s management system and organizational structure. In the commercialization
process, HR is responsible for developing a team with suitable employees and skills.

41439 Legal

The responsibility of this work function is to handle the legal aspects such as IP
management, contracts, and agreements with partners. Additionally, the legal function
must constantly monitor laws and regulations which may affect the demand for
petroleum products. According to Industry Expert 16, changes in laws and regulations
can also be viewed as opportunities and drivers of innovation. For example, changing
laws on greenhouse gases (GHGs) will require new technology or processes to reduce
gas emissions. Hence, it was stated by Industry Expert 8 that companies that are able
to identify opportunities in legal are able to react faster which leads to more inventions
with commercial potential since every company in the petroleum industry is affected
by changing laws.

For the legal function, limited information was obtained from the interviews due

to the limitation of contactable industry experts in legal, and also confidentiality issues.
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4.1.4.4 Discussion of Findings from the Interviews

In Table 9, it can be seen that all companies firstly start with a strategy stage to
determine objectives for commercialization an invention. Then, this is followed by an
evaluation or feasibility study of the invention followed by a planning stage. From the
interview of industry experts, a commonality found was that 35 out of 40 experts
emphasized the importance and necessity of these early stages. The phrase “if these
early stages are completed properly, the project will be successful” was frequently
repeated. Furthermore, throughout the entire interview, industry experts would
regularly mention and revisit these early stages for details and justification of actions,
for example “Action A was taken rather than Action B because the objectives of the
project were this”. Hence, this asserts the importance of the early stages of the
commercialization process to the project’s success and effectiveness which
corresponds to Casto, 1994’s study.

Another key finding from four out of five interviewed companies was that there
were two review stages. The first review stage was for the business plan and the second
review stage occurred before market release. When interviewed, industry experts at
Company B, Company C, Company D, and Company E repeatedly mentioned the
review stages as a secondary filter, and how implementing these stages reduced
obstacles in commercializing inventions. For example, Industry Expert 25 from
Company D stated that introducing the “Review Plan” stage has removed errors in the

business plan which would have caused problems in the later stages of the
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commercialization process and probably led to more resources required. Furthermore,
several industry experts mentioned that the modification or improvement stage before
market release is also important. The rationale was that “an invention which works
here may not work there”. This means that inventions are sometimes initially designed
for internal use and thus are devised in a company-specific context. Therefore,
modifications to the invention are required to adapt it for commercial application in
other companies. These data emphasizing the importance of the review stage is

consistent with Isabelle, 2004’s research.

4.2 Development of the Preliminary Model

In developing the preliminary model, the findings from theoretical data from
literature and practical data in terms of the structure of the model, stages in the
commercialization process, and work functions and their activities will be integrated. A
description of the preliminary model and its elements are described in the subsections

below.

4.2.2  Structure of Model

Referring to the problem statement of employees not being able to visualize the
overall commercialization process, the structure of the model should be capable of
incorporating a company’s major work functions and activities in commercialization an
invention. For the commercialization model’s structure, a concurrent
commercialization process was incorporated (McCoy, Thabet, and Badinelli, 2008) due

to three major reasons. Firstly, the petroleum industry competes mainly in terms of
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process efficiency which can improve current operational processes in all its work
functions. Secondly, a structure of concurrent commercialization process will allow
project leaders to manage resources and activities more effectively through being able
to visually plan the project. Finally, a concurrent process reflects the reality of
commercializing inventions in the petroleum industry as most activities occur in
parallel.

Hence, a concurrent commercialization structure is integrated into the preliminary
model because innovations can be originated in any work function, activities can be
viewed visually for better planning and management, and a concurrent process reflects
the practical context of commercialization inventions in the petroleum industry.

By integrating a concurrent commercialization model structure, an overview of
important work functions for the petroleum industry can be visualized. For example,
along the x-axis of the model are the stages of commercialization, the work functions
are labelled on the y-axis, and the activities of work functions at each stage of the
commercialization  process can be labelled in-between. Although this
commercialization model focuses on commercializing existing inventions, incorporating
concurrent commercialization into the model provides sustainability in terms of

commercializing future products and processes.

4.2.3  Stages in the Commercialization Process

According to the theoretical and practical data of stages of commercialization, the

following stages and their descriptions were chosen, and are detailed below.
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Furthermore, Figure 9 is an outline of the stages and their sequence in the preliminary
model.
4.2.3.1 Project Evaluation

The aim of the project evaluation stage is to decrease the risk of failed
commercialization projects which would lead to wasted resources. The nature of
inventions and innovation in the petroleum industry is typically high-tech and large
scale, and therefore involves high risks and uncertainty. Hence, if a project fails to
commercialize, this would result in the company wasting a vast amount of resources.
Additionally, failed commercialization projects may cause demoralization amongst
employees and also senior management for future projects.

In this stage, the project (existing invention) is assessed to consider its feasibility in
terms of technical feasibility, legal feasibility, financial feasibility, and operational
feasibility for commercialization. Moreover, another consideration is if the project is
actually worth commercializing. For example, the company may evaluate the risk of
sharing know-how through patenting an invention, and conclude that it is not worth
commercializing and better to keep the knowledge as a trade secret. Also, the

company may assess the cost required vs. the value to be delivered.
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Figure 9: Outline of Stages in the Preliminary Model

4.2.3.2 Initial Business Planning

After evaluating the project, the next phase is designing an initial business plan for
commercialization. This includes assessing the company’s current resources in terms
of infrastructure, structure, and employees. The initial business plan also considers
required resources throughout the process of commercializing a project. Furthermore,
different strategies are considered such as innovation strategy, commercialization
strategy, and IP management.

The aim of the initial business planning stage is to compare the company’s current

resources with the required resources for commercializing the project, and also to
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establish a strategy. Using different strategies, for example commercialization
strategies such as licensing or partnerships, will lead to different approaches and end-
results, and therefore companies must choose the most appropriate one to achieve
their objectives. By strategizing before beginning, this allows the company to plan and
allocate resources as well as take actions to acquire any required resources.
Furthermore, any unanticipated events
4.2.3.3 Revise Planning

The aim of this stage is to review the initial business plan for improvements. This
is the first review stage in the model and is designed to prevent any errors or
vulnerabilities in the business plan before implementation. For example, crucial factors
such as demand forecasts and financial analyses can be re-evaluated for any external
changes which may have occurred between the times of planning to the time of
implementation. Furthermore, this stage allows the company to consider alternatives
if required, such as outsourcing options for activities which are not core capabilities.
4.2.3.4 Initial Development & Testing

The initial development & testing stage is for assessing the development processes
of the project and also the business plan. The aim of this stage is to review and test
the project to identify any problems or adjustments. By testing the invention in the
field, for example at other company sites or partner’s sites, the technology or process

can be reviewed for modifications. Additionally, any shortcomings of the invention can
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be resolved at an early stage. This reduces the amount of wasted resources when
compared to inventions failing at later stages of the commercialization process.
4.2.3.5 Modlfication

From the results of the previous stage, improvements are made to the business
plan and processes. Once these improvements have been made, the processes
involved are standardized.

The aim of this stage is to act as a final review stage of all the previous stages. This
will lower the risk of failed commercialization through reviewing the process and
business plan for final improvements. It should be noted that a major reason found
for employees not wanting to commercialize inventions is that they lack confidence
due to failing previous commercialization projects. Also, most failed commercialization
projects are only reviewed after they have failed for problems. By having multiple

review stages (i.e. Stage 3 & 5) this significantly lowers the risk of failing.

4.2 3.6 Market Release

In this stage, the technology or process is officially released into the market using
the selected commercialization strategy (e.g. licensing, partnerships, etc.). Additionally,

the technology or process is continuously reviewed for improvements.

4.2.3.7 Knowledge Management
The aim of the knowledge management stage is to loop the commercialization

process such that the knowledge gained or opportunities realized from

commercializing the current project may lead to future innovations. For example,
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problems with the company’s current operations, systems, or infrastructure may be
unintentionally identified throughout the commercialization process. If the knowledge
is not properly managed, the company cannot capitalize on it. Although the knowledge
management stage is located as the last stage of the commercialization process, it is
actually an on-going stage throughout the model. This is because new knowledge and
opportunities can originate at any stage in the commercialization process, and
therefore management of this new knowledge is important for sustainable innovation

in a company.

4.2.4 Work Functions and their Activities

From the findings of the practical data, this study incorporates the work functions
and their activities into the preliminary commercialization mode. For work functions
that had insufficient practical data, such as the legal function, theoretical data was
added for justification. Note that the preliminary model is intended for use in the
industry-level and therefore the work functions were specifically chosen to represent
common important work functions throughout the petroleum industry. Additionally,
the nine selected work functions are separated into three groups which are business,
technical, and marketing according to (Goldsmith, 2016). A summary of the preliminary

commercialization model is displayed in Figure 10.
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4.3 Refinement of the Model

In the second stage of developing a commercialization model for The Company,
the preliminary model will be evaluated two times using an in-depth interview with
commercialization experts followed by a Likert scale survey. The objective of these
evaluations is to assess the suitability of the integrated theoretical and practical data
in the preliminary model. In particular, evaluation of aspects such as the structure of
the model, stages in the commercialization process, relevant work functions involved,

the activities of each work function, and the sequence of each activity were of interest.

1.3.1  First Evaluation: In-depth Interview

In the first evaluation, eight commercialization experts were interviewed face-to-
face. The commercialization experts were asked of their personal opinions,
recommendations for the model, and also to compare aspects of the preliminary

model with those currently practiced at their company.

1.3.1.1 Summary of Findings

1.3.1.1.1  Structure of Model

For the evaluation of the model’s structure, the commercialization experts gave
positive feedback. According to Commercialization Expert 1, the model’s structure
provides a good overview of the entire commercialization process including the stages
and activities involved. Similarly, Commercialization Expert 4 mentioned that the
structure is appropriate as it allows users to see the relationships between activities.

However, a commonality discovered at the beginning of most interviews was a
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misunderstanding that the model was linear. Nonetheless, when explained of the
models details, this clarified the misinterpretation. From the interview, a minor
recommendation was suggested from Commercialization Expert 5 to change the
structure such that it was “circular and non-linear”. However, upon changing and re-
evaluating the circular structure, this made the model more complex and confusing
which defeated the purpose of a model to provide employees with an overview of
the commercialization process. Hence, the current matrix structure was used.

1.3.1.1.2  Stages in the Commercialization Process

For the stages in the commercialization process, some commercialization experts
were confused of the names despite explaining the details. According to
Commercialization Expert 1, in their commercialization process, the review stages
(Revise Planning, and Modification) were combined into stages prior to them. Similarly,
this was also mentioned by Commercialization Expert 2. However in contrast,
Commercialization Expert 3, Commercialization Expert 5, Commercialization Expert 7
and Commercialization Expert 8 reported that they separated the review stages in their
commercialization process to emphasize the importance of review. This argument was
consistent with the findings from the industry experts and also Casto, 1994, Isabelle
2004, and McCoy, Thabet, and Badinelli, 2008’s studies. Despite the confusion, only

minor changes in the stage names were suggested.
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1.3.1.1.3  Work Functions
For the work functions, the commercialization experts stated that they were
appropriate to use for in the preliminary model and industry-level model. However,
modifications to other relevant work functions in the commercialization process were
suggested if the model were to be applied at their company. Examples of these
additionally suggested work functions included manufacturing, and production.
Although the preliminary model was designed for use at the industry-level, the
recommendation from commercialization experts will be considered for the company

commercialization model in the last stage of this study.

1.3.1.1.4  Activities and their Sequence

For the evaluation of the activities and their respective sequence in the
commercialization process, there were several minor recommendations made to
adjust the details of each activity. For example, the descriptions of some activities
were too long and needed to be more concise. Furthermore, some descriptions were
too short and did not properly describe the activity. Thus, minor changes to the details
of activities in the commercialization process were made to more effectively deliver
an overview of the process.

For the sequence of the activities, the commercialization experts thought they

were appropriate and did not suggest any recommendations.

1.3.2  Second Evaluation: Likert Scale Survey
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Figure 11: Average Scores from Likert Scale Survey

In the second evaluation, 19 commercialization experts were sent a five-point
Likert scale survey with twelve items. Of the 19 commercialization experts, 15 experts
replied with a completed survey. The results of these surveys are displayed in Figure
11.

From Figure 11, an overview of the trend or general consensus of
commercialization expert’s evaluation of the refined commercialization model can be
observed. The items which received the highest average scores were:

® |tem 1:
“The stages in model fully cover the commercialization process of

inventions.”

® |tem 4:
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“The model provides an overview of the relationship between work
functions.”

® |tem 8:
“The model’s structure helps provide an overview of the

commercialization.”

From these evaluations of the refined model from commercialization experts, the
model addresses the study’s problem statement through developing a model which
fully covers the commercialization process of inventions in the petroleum industry,
and provides an overview of the relevant work functions and their activities throughout
each stage of the process.

However, from the results, these show that all items, except item 11, received high
average scores between 4 (Agreeing) and 5 (Strong Agreeing). For item 11 - “The model
has practical application”, the commercialization experts mostly gave a neutral
answer. When interviewed, most of the experts replied that they were unsure of its
application in the field because they had never utilized a formal commercialization
model. Additionally, another reason for the low average score was because the
industry-level commercialization model provided no clear sequence of activities to be

taken.
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Additionally, although some items received an average score of around 4
(Agreeing), they were still considered to be lacking compared to other items. These
other lacking aspects of the model were:

® |tem 3:

“The chosen work functions cover major roles.”
® [tem 6:

“The activity descriptions are accurate and concise.”
® |tem T:

“The activities in each row are sequential and related.”

When interviewed of the reasoning behind the scores for Item 3, the
commercialization experts stated that refined commercialization model only provided
examples of the most common and generalized work functions in every industry.
However, certain industry-specific work functions such as production and
manufacturing were excluded.

For Item 6 and Item 7, the commercialization experts gave relatively lower scores
because the commercialization process is different throughout every company. Thus,

the activities, their descriptions, and their sequences are also varying in each company.



Table 9: Portion of Results from Likert Scale Survey

Strongly Strongly

ltem # Disagree | Neutral | Agree Total
Disagree Agree

1 0% 0% 0% 27% 73% 100%
2 0% 0% 0% 67% 33% 100%
3 0% 0% 7% 80% 13% 100%
4 0% 0% 0% 13% 87% 100%
5 0% 0% 0% 67% 33% 100%
6 0% 0% 7% 93% 0% 100%
7 0% 0% 7% 80% 13% 100%
8 0% 0% 0% 20% 80% 100%
9 0% 0% 0% 53% a7% 100%
10 0% 0% 0% 80% 20% 100%
11 0% 13% 73% 13% 0% 100%
12 0% 13% 60% 27% 0% 100%

971

In analysing these results using statistical analysis to determine a relationship, a

limitation is that the sample size is too small. Nonetheless, the purpose of this model

is to serve as a roadmap of activities to be completed and intended for management

of the commercialization process. Hence, unlike market research surveys which are
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used to predict sales volume, numerical accuracy is not as important as the percentage
of agreeing experts.

From the two evaluations of the preliminary model, improvements were made
according to the recommendations of the commercialization experts. These
improvements were minor and included correcting the description of activities and
stages of the commercialization process. The industry commercialization model is

shown in Figure 12.
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1.4 Company Case Study

The objective of this stage is to modify and adapt the industry commercialization
model such that it is specific for use in The Company as a roadmap of only key
activities and work functions at each stage of the commercialization process. In this
stage, The Company’s innovation manager, Manager 1, was interviewed of the industry
commercialization model using the same interview designs as for the previous stage.
Then, from the results of the interview, a company commercialization model was
developed.

From the results of interviewing Manager 1, the industry commercialization model
received positive feedback in terms of evaluating the model’s structure, the stages in
commercialization, and the work functions and their activities. Additionally, similar
recommendations to the model and scoring were given as the commercialization
experts. Manager 1’s survey is presented in Appendix C.

From the results and consistency with other commercialization experts, this
suggests that the developed commercialization model is deemed comprehensive and
suitable for the petroleum industry. However, a similar finding which was mentioned
by Manager 1 was the uncertainty of the model’s practical application to the
petroleum industry.

To adapt the industry commercialization model specifically for The Company,
Manager 1 was interviewed for the firm’s current commercialization process. Due to

time limitations of the study and difficulties contacting Manager 1, throughout the
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interview, the author and Manager 1 discussed face-to-face where each aspect of The
Company’s current commercialization process would fit into the developed industry
model. These stages are described below.

1. End Game Ildentification

In the first stage, the End Game is identified and clearly defined in terms of the
objectives of the project. The objective of the End Game is to serve as the foundation
for all activities in the commercialization process, and each plan and action taken must
reflect the End Game.

2. Feasibility Study

In the feasibility study stage, the invention is assessed in terms of the resources and
capabilities required, financial returns, and possible business opportunities. The
feasibility study involves the financial, technical, and marketing departments.

3. Planning

Following the feasibility study, a plan of activities is created to achieve the End Game.
This includes planning in terms of the financial resources, development resources for
R&D, marketing resources, and a legal plan is formed to address any issues with IP.
Furthermore, supporting roles in this stage include SCM for forecasting demand and
planning such resources.

4. Development & Testing
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In the development & testing stage, the invention is initially developed using internal
processes or outsourced if other capabilities are required. Similarly, the invention is
then tested on company sites or partner sites. The key functions involved in this stage
are business development, R&D, and marketing.

5. Moaodification & Improvement

From the previous stage, the invention is improved and adapted to suit the context of
the customer or partner’s operations. For the internal processes, the financial plan and
marketing plan are reviewed against the End Game and objectives.

6. Market Release

Finally in the last stage, the invention is officially released into the market. The
major activities occurring thereafter involve identification of new possible opportunities
and markets.

As a result of this interview with Manager 1, modifications were made to the
industry model such that it was reduced to only key commercialization activities and
relevant work functions. Furthermore, the sequence of activities was determined. At
this stage, the developed commercialization model is called a company

commercialization model, and is shown in Figure 13.
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Chapter 5: Conclusion & Recommendations

4.1 Conclusion

In the current period, petroleum is an essential material required by every country
in the world due to its vast applications such as for transportation, and producing
plastics. As a supplier of these products, the petroleum industry plays an important in
driving the global economy. In Thailand, the petroleum industry is one of the major
contributors to economy, and is ranked as the ninth largest industry in Thailand as of
2016. However, due to its geographical location, many multinational oil & gas
companies have established in Thailand. To remain competitive in the industry, Thai
petroleum firms should advance their commercialize processes and utilize innovative
technologies to improve their processes and gain competitive advantages.

The studied company, referred to as The Company, is a firm competing in
Thailand’s petroleum industry and operates one of Thailand’s largest oil refineries.
The main products which are sold are separated into light products, middle distillates,
and heavy distillates. As a strategy to improve its processes, The Company has future
plans to expand its oil refinery, increase their operational efficiency, and address the
imminent threats to the petroleum industry. As a strategy to explore new products
and processes for these issues, The Company should strategize successful
commercialization and innovation.

Successful commercialization can bring a company many advantages including

financial returns, and create new opportunities such as partnerships. However, the
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commercialization of an invention to innovation is a complex process. Furthermore,
developing inventions and successfully commercializing them is becoming increasingly
difficult due to changes in the market, consumer demands, and the way of operating.

The current problem with The Company is that it has no formalized or documented
commercialization process. Therefore, each new innovation project requires
developing a new set of plans. In a highly volatile industry, such as the petroleum
industry, the nature of competition constantly changes and therefore involves high
uncertainty. Hence, developing a new commercialization plan for every project is both
difficult, efficient, and involves high risks. Furthermore, senior management and
employees don’t understand the benefits of commercialization, and are unable to
visualize the process. This causes them to not support commercializing projects.

To address these problems, a commercialization model can be used to serve as a
roadmap and provide a list of activities to be completed throughout the
commercialization process. By using a formalized commercialization model, this will
provide an overview of the entire commercialization process, and also allow firms to
plan their technical, marketing, and business activities as well as resource allocation.

The objective of this research is to develop a model to effectively commercialize
product and process inventions in The Company.

The proposed methodology consists of three major stages in developing the
commercialization model. These stages are 1) developing a preliminary

commercialization model, 2) refinement of the model, and 3) The Company case
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study. For the first stage, a combination of theoretical data from literature review and
practical data from interviewing industry experts is used to develop a preliminary
commercialization model. Then, this preliminary model is refined through two
qualitative evaluations in the second stage, through interviewing commercialization
experts face-to-face, and using a Likert scale survey. Finally, the refined model will be
evaluated using The Company as a case study. The outcome from this study is two
models which are 1) Industry commercialization model, and 2) Company
commercialization model.

Against the hypotheses of this study which is “The Company can effectively plan
and manage its commercialization process of a product or process invention in the
petroleum industry through developing a formalized and documented
commercialization model.” the qualitative data collected from interviewing industry
experts, commercialization experts, and Manager 1 suggested that these hypothesis

was true.

4.2 Research Limitations

Using firms in Thailand’s petroleum industry, two commercialization models were
developed which are 1) industry commercialization model, and 2) company
commercialization model. For the industry commercialization model, this was
developed based on representation from five petroleum firms in Thailand. However
in reality, this does not cover the majority of total population of petroleum firms in

Thailand. Most of the information on the specifics of company’s commercialization
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process was confidential. Thus, the context of the commercialization model was
limited to the possible data provided. Furthermore, due to the limited amount of
contactable experts, the sample size for qualitative data is rather small. Therefore,
statistical analysis of the data did not provide any interesting results or evidence of

relationships between aspects in the model.

4.3 Research Contributions:

Many companies operating in Thailand’s petroleum industry currently do not have
a formalized commercialization process or model. Additionally, there is currently no
literature on commercialization models for the petroleum industry or Asia region. From
the gap analysis, existing literature on commercialization models focus on a narrow set
of individualized concepts, therefore leaving gaps such as an absence of sequential
activities and completeness of the model. In this study, the development of two
commercialization models, at the industry level and company level, in Thailand’s
petroleum industry addressed the gaps identified in both industry and literature

context.

4.4 Further Research:

1. The commercialization model was based on qualitative information in
Thailand’s petroleum industry in 2017. Any future trends may lead to

changes in the model’s activities and stages.
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2. The sample size of this study was relatively small for a qualitative study.
Hence, to further validate the results, the study should be repeated to

evaluate a larger sample size.

3. The commercialization model has only been evaluated based on

qualitative surveys from interviews, and thus lacks practical evaluation.
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Appendix B: Likert Scale Survey

g o O O ] ZT Ausdwoz s43 o3 31geandde 5 jspow 3y)
= = o U - IT uoyesndde jesgomid sey j3pow ay)
O O O g O o1 21E8IAEL pUE PUEISISPUN O A5E2 3 |3PoW 34|
O O | O O SBYAIDE UCIIEA|RIDSUILLICD
. Jo JusLISEELEL 3APaYs spoddns jspow sy
n O O 0O O ss=ooud UCHEZNECISUILICTS 313 4O MBIASAD
=]
- ue apincad sdipy sunionuls s)epow Y|
O O O O O " pe1epR
- pue jEusNbhas 31 MO UDES Ul S3UNIDE 34|
0 O a O O =spuoD
/ pUE SEINISE e suciiduosp Qe sy
O O O O O Ansnpu wnajen=d 243w susguasul o
(5
- UCHEZNEUSWLICS 13yl ANy SSASe 34|
O O O O O SUCIToUNY Yiom usamiag diysuciesl
v 311 Jo maiasac ue sapinoad japow auy|
O O O O O £ §3| 04 Jo[EL J3A0D SUSIIDUN YIoW USSoUD 3U|
O O O O O . 2)qens
3UE UCOEZNEDISLIICD JO S38EIS Jo SWEU 31|
I n | 0 | SUCIIUSAU Jo 5530010 UCIIEa B RIS UIWCD
' 3U3 13ACD ANy 13POLWL 3U3 Ul s=3e3s aU|
EETE 23UBESI(]
S208y | pansp  22udesig
Aduons A@uoas e UoIs=ng
S v 3 4 T




113

VITA

Soranart Negamcachonkulkid was born on the 14th of December, 1994 in
Bangkok, Thailand. He graduated secondary school from British International School
Phuket, Thailand in 2011. Then, he pursued his Bachelor’s Degree in Chemical
Engineering from Sirindhorn International Institute of Technology (SIIT), Thammasat
University. After graduating in 2015, he went on to study a Dual Master’s Degree
Program in Master of Engineering in Engineering Management from Chulalongkorn
University, and a Master of Science in Engineering Business Management from
Warwick Manufacturing Group (WMG), the University of Warwick. Currently in 2017,
he is working for Thai Samsung Electronics Co., Ltd. as a Management Trainee in

Product Marketins.



114

ACTON, I. 2016. Innovation 2016. Warwick Manufacturing Group and Chulalongkorn

University: Warwick Manufacturing Group.

AL-SHARRAH, G., ELKAMEL, A., ALMANSSOOR, A. 2010. Sustainability indicators for
decisionmaking and optimisation in the process industry: the case of the

petrochemical industry. Chem. Eng. Sci., 65, 1452-1461.

ANBARDAN, Y. Z. 2013. Determinants of academic research commmercialization in Iran

gas industry. Business, Management and Education, 11, 34-39.

BADIALI, M. 2015. How Supercomputers Aid Oil and Gas Seismic Research [Online].
Available: http://www.scientificcomputing.com/article/2015/10/how-

supercomputersaid-oil-and-gas-seismic-research [Accessed 19 May 2017].

BERS, J. A.,, DISMUKES, J.P. 2004. Roadmap for a Radical Innovation Community of
Research and Practice. PICMET.

BETZ, F. 2003. Managing Technological Innovation: Competitive Advantage from
Change. John Wiley & Sons, 2.

BP. 2016. Seismic Imaging [Online]. Available:
http://www.bp.com/en/global/corporate/ technology/technology-

now/seismic- imaging.html [Accessed].

CASTO, J. 1994. Concept Definition: A New Model. World Class Design to
Manufacture, 1, 5-12.

CHESBROUGH, H. 2003. Open Innovation: The New Imperative for Creating and

Profiting from Technology. Harvard Business School Press.



115

CIA. 2017. The World Factbook: Thailand [Online]. Available:
https://www.cia.gov/library/publications/the-world-factbook/geos/th.ntml
[Accessed 4 January 2017].

COLOMBO, U. 1980. A viewpoint on innovation in the chemical industry. Res. Policy,
9, 205-231.

CONNELLY, M. C., DISMUKES, J.P., SEKHAR, J.A. 2011. New relationships between
production and patent activity during the high-growth life cycle stage for
materials. Tech. Forcasting Soc. Chang, 78, 303-318.

CONNELLY, M. C., SEKHAR, J.A. 2012. U. S. Energy production activity and innovation.

Tech. Forcasting Soc. Chang., 19, 30-46.

CORNFORD, A. 2004a. Innovation, Commercialization and Knowledge Based Economic

Competitiveness.

CORNFORD, A. 2004b. Innovation, Commercialization and Knowledge Based Economic

Competitiveness.

CUNNINGHAM, N. 2014. Can New Technology Help The Oil Sands Industry Clean Up
Its Act? [Online]. Available: http://oilprice.com/Energy/Crude-Oil/Can-
NewTechnology-Help-The-Oil-Sands-Industry-Clean-Up-lts-Act.ntml [Accessed
25 May 2017].

DEHGHANI, T. 2015. Technology commercialization: From generating ideas to creating
economic value. International Journal of Organizational Leadership, 4, 192-
199.

DEMIRBAS, A., BAFAIL, A., NIZAMI, A-S. 2016. Heavy oil upgrading: unlocking the future
fuel supply. J. Pet. Sci. Technol., 34, 303-308.



116

DISMUKES, J. P. 2005. Information accelerated radical innovation from principles to

an operational methodolosgy. Ind. Geogr, 3, 19-42.

EIA. 2015. Oil Crude and Petroleum Products Explained:Oil and the Environment
[Online]. Available:
http://www.eia.gov/energyexplained/?page=0il_environment [Accessed 15

April 2017].

ENOS, J. L. 1958. A measure of the rate of technological progress in the petroleum
refining. J. Ind. Ecol., 6, 180-197.

FOXON, T. 2003. Inducing Innovation for a Low-carbon Future: Drivers, Barriers and

Policies - A Report for The Carbon Trust. The Carbon Trust.

GARCIA, R., CALANTONE R. 2002. A critical look at technological innovation typology
and innovativeness terminology: a literature review. J. Prod. Innov. Manag, 19,

110-132.

GAUBINGER, K., SCHWEITZER, F. & ZWEIMULLER, R. A Commercialization Process
Model for Technology Innovations. The XXIII ISPIM Conference 2012, 2012

Barcelona, Spain. 17-20.

GOLDSMITH, H. R. 2016. Goldsmith Technology Commercialization Model [Online].
Available: http://nbdc.unomaha.edu/technology-

commercialization/techventure/home.cfm [Accessed 27 December 2016].

GULLY, B. 2004. Commercialization of Innovation. Auckland, New Zealand.

HANNA, R., GROSS, R., SPEIRS, J., HEPTONSTALL, P., GAMBHIR, A. 2015. Innovation
Timelines from Invention to Maturity, A Rapid Review of the Evidence on the
Time taken for New Technologies to Reach Widespread Commercialisation.

UK Energy Research Centre.



117

HOSSEIN HASSANI, E. S. S., AHMED, MOHAMED AL KAABI 2017. The role of innovation
and technology in sustaining the petroleum and petrochemical industry.

Technological Forecasting & Social Change, 119, 1-17.

ISABELLE, D. A. 2004. S&T Commercialization of Federal Research Laboratories and

University Research. Carleton University.

KLEINSCHMIDT, A. 2016. The Future of Oil and Gas: Why We Will Still Need Oil and
Gas in the Future [Online]. Available: http://www.siemens.com/innovation/en/
home/pictures-of-the-future/energy-and-efficiency/the-future-of-oil-and-

gastrends.html [Accessed 10 May 2017].

LAKHANI, H. 1975. Diffusion of environment-saving technological change: a petroleum

refining case study. Technol. Forecast. Soc. Chang, 7, 197-219.

LEBER, J. 2012. Big Oil Goes Mining for Big Data [Online]. Available: https://www.
technologyreview.com/s/427876/big-oil-goes-mining-for-big-data/ [Accessed 17 June
2017].

LEl, J., MING, L., YUQI, Y. & CUILI, Z. 2016. Petroleum company’s technology
commercialization mode and evaluation of commercial potential based on
Two-tuple linguistic. International Journal of u- and e- Service, Science and

Technology, 9, 351-362.

LIU, P.-G., PU, W-F., NI, J-H. 2016. Catalytic effect analysis of clay minerals on
lowtemperature oxidation of crude oil through combined thermal analysis

methods. Pet. Sci. Technol, 34, 343-349,

M.P., M. 2013. Big Data and microseismic imaging will accelerate the smart drilling oil

and gas revolution [Online]. Available:



118

http://www.forbes.com/sites/markpmills/ 2013/05/08/big-data-and-
microseismic-imaging-will-accelerate-the-smartdrilling-oil-and-gas-

revolution/#6f6e6e9548b2. [Accessed 20 June 2017].

MARQUIS, D. G. 1976. The Anatomy of Successful Innovations. Corporate Strategy and

Product Innovation. Free Press, New York, 14-25.

MCCQOY, A. P., THABET, W. & BADINELLI, R. 2008. Towards establishing a domain
specific commercialization model for innovation in residential construction’.

Construction Innovation, 8, 137-155.

MCGRATH, J. 2011. Top 5 Innovations in Oil Drilling [Online]. Available:
http://science.howstuffworks.com/environmental/energy/5- innovationsoil-

drilling.ntm. [Accessed 10 June 2017].

MEEHAN, D. N., HUGHES, B. 2015. Innovation beyond technology: the new imperative
[Online]. Available: http://www.worldoil.com/

magazine/2015/december-2015/industry-leaders-outlook-2016/innovationbeyond-
technology-the-new-imperative [Accessed 25 May 2017].

NEMET, G. F. 2007. Policy and Innovation in Low-carbon Energy Technologiesw.

NEVENS, T. M. 1990. Commercializing technology: What the best companies do.
Planning Review, 18, 20-24.
OECD/EUROSTAT 1997. Oslo Manual: Proposed Guidelines for Collecting and

Interpreting Technological Innovation

Organization for Economic Co-operation and Development (OECD)/Eurostat.

OECD/EUROSTAT 2005. Oslo Manual, OECD Publishins.



119

PORTER, A. L., CUNNINGHAM, S.W. 2005. Tech Mining: Exploiting New Technologies for
Competitive Advantage. John Wiley & Sons.

PORTER, M. E. 1990. The Competitive Advantages of Nations. Macmillan.

ROSA, J. & ROSE, A. 2007. Report on Interviews on the Commercialization of
Innovation. in: SCIENCE, I. A. E. I. D. (ed.). Ottawa, Canada: Statistics Canada.

SCHUMPETER, J. A. 1934. The Theory of Economic Development. Harvard Univerisity

Press.

SEKHAR, J. A., DISMUKES, J.P. 2009. Generic innovation dynamics across the industrial
technology life cycle platform equation modeling of invention and innovation

activity. Tech. Forcasting Soc. Chang., 76, 192-203.

SESHADRI, M. 2013. Big Data Science Challenging The Oil Industry. CTO Global

Services.

SHAW, E., O'LOUGHLIN, A. & MCFADZEAN, E. 2005. Corporate entrepreneurship and
innovation part 2: a role- and process-based approach. European Journal of

Innovation Management, 8, 393-408.

THOSAGO, M. P. 2011. Determinants that drive commercialisation of potential
university
innovation outputs through technology transfer offices. Master of Business

Administration, University of Pretoria.

USDOE 2000. From Invention to Innovation. In: PROGRAM, U. S. D. O. E. I. I. (ed.).

YERRAMILLI, C., SEKHAR, J.A. 2006. A common pattern in longterm metals production.
Res. Policy 31, 27-36.



120

YIN, J. Z. 1994. Managing process innovation through incremental improvements:
empirical evidence in the petroleum refining industry. Technol. Forecast. Soc.

Chang, 47, 265-276.



	THAI ABSTRACT
	ENGLISH ABSTRACT
	ACKNOWLEDGEMENTS
	CONTENTS
	Chapter 1: Introduction
	1.1 Description of General Research Area
	1.2 Company Background
	1.2.1 Company Introduction
	1.2.2 Company Strategies & Operations
	1.2.2.1 Corporate Strategy & Structure
	1.2.2.2 Innovation Strategy & Culture
	1.2.2.3 Commercialization Strategy
	1.2.2.4 Current Commercialization Process


	1.3 Statement of Problem
	1.3.1 No Standard Process for Commercialization
	1.3.2 Commercialization Activities are operated as Separate Silos

	1.4 Research Question
	1.5 Research Objective
	1.6 Research Hypothesis
	1.7 Assumptions in the Research
	1.8 Scope of Research
	1.9 Significance and Expected Benefits of the Research
	1.10 Thesis Structure

	Chapter 2: Literature Review
	2.1 Innovation
	2.1.1 Background of Innovation in the Petroleum Industry
	2.1.2 Definition of Innovation
	2.1.3 Models of Innovation
	2.1.4 Stages of Innovation
	2.1.5 Classification of Innovations
	2.1.6 Invention vs. Innovation
	2.1.7 Role of Innovation in the Petroleum Industry
	2.1.7.1 Petroleum Production
	2.1.7.2 Cross-industry Competition
	2.1.7.3 Addressing Problems of Fluctuating Oil Price
	2.1.7.4 Access to Future Oil Reserves


	2.2 Commercialization
	2.2.1 The Commercialization Process
	2.2.2 Commercialization Strategies
	2.2.2.1 Commercialization Strategy 1: Licensing
	2.2.2.2 Commercialization Strategy 2: Strategic Alliances

	2.2.3 Commercialization Models
	2.2.4 Generic Commercialization Models
	2.2.5 Industry-based Commercialization Models
	2.2.5.1 Early Stages of Commercialization are Important
	2.2.5.2 Feedback of Information and Linkage of Activities are Important
	2.2.5.3 Protection of Intellectual Property is Important

	2.2.6 Practical Examples of Commercialization Models
	2.2.7 Summary of Existing Models

	2.3 Gaps in the Commercialization Models from Literature

	Chapter 3: Research Methodology
	3.1 Development of the Commercialization Model
	3.2 Research Design
	3.3 Stage 1: Development of a Preliminary Model
	3.3.1 Theoretical Data Collection
	3.3.1.1 Criteria for Selecting Existing Models from Literature

	3.3.2 Practical Data Collection
	3.3.2.1 Criteria for Industry Experts
	3.3.2.2 Interview Design
	3.3.2.2.1 Pilot Test



	3.4 Stage 2: Refinement of the Model
	3.4.1 Criteria for Commercialization Experts
	3.4.2 First Evaluation: In-depth Interview
	3.4.3 Second Evaluation: Likert Scale Survey

	3.5 Company Case Study
	3.6 Data Analysis

	Chapter 4: Results & Discussion
	4.1 Preliminary Commercialization Model
	4.1.2 Practical Data
	4.1.2.1 Structure of the Model
	4.1.2.2 Stages in the Commercialization Process

	4.1.3
	4.1.4 Summary of the Stages
	4.1.4.1 Early Stages
	4.1.4.1.1 Strategizing
	4.1.4.1.2 Project Feasibility
	4.1.4.1.3 Planning

	4.1.4.2 Later Stages
	4.1.4.2.1 Testing & Modification
	4.1.4.2.2 Market Release

	4.1.4.3 Work Functions & Activities
	4.1.4.3.1 Business Development
	4.1.4.3.2 R&D
	4.1.4.3.3 Process Planning
	4.1.4.3.4 Marketing
	4.1.4.3.5 Supply Chain Management (SCM)
	4.1.4.3.6 Finance
	4.1.4.3.7 Information Systems
	4.1.4.3.8 Human Resources (HR)
	4.1.4.3.9 Legal

	4.1.4.4 Discussion of Findings from the Interviews


	4.2 Development of the Preliminary Model
	4.2.2 Structure of Model
	4.2.3 Stages in the Commercialization Process
	4.2.3.1 Project Evaluation
	4.2.3.2 Initial Business Planning
	4.2.3.3 Revise Planning
	4.2.3.4 Initial Development & Testing
	4.2.3.5 Modification
	4.2.3.6 Market Release
	4.2.3.7 Knowledge Management

	4.2.4 Work Functions and their Activities

	4.3 Refinement of the Model
	1.3.1 First Evaluation: In-depth Interview
	1.3.1.1 Summary of Findings
	1.3.1.1.1 Structure of Model
	1.3.1.1.2 Stages in the Commercialization Process
	1.3.1.1.3 Work Functions
	1.3.1.1.4 Activities and their Sequence


	1.3.2 Second Evaluation: Likert Scale Survey

	1.4 Company Case Study

	Chapter 5: Conclusion & Recommendations
	4.1 Conclusion
	4.2 Research Limitations
	4.3 Research Contributions:
	4.4 Further Research:

	REFERENCES
	VITA

