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Abstract 

The resource based radical change from semiconductor manufacturing into the 
artificial plant factory is studied by understanding the resource capabilities in each 
industry separately. Due to lack of scientific research in the resource re-utilization 
process, the phenomenon is explored by studying the role of three different 
resources from a holistic view. By a qualitative research method, the motivating 
reasons for the change, the resources involved in the change, duration, and the 
resource based information were studied. The collected data are analysed under 
three different categories such as knowledge, infrastructure, and production 
technology. The identified problems were the unsatisfied resource capabilities, 
which have to be solved during the change process. As a result of the analysis, a 
framework is developed by combining all the three resources from a holistic view, 
in the change process. The framework is structured in three separate phases and 
inferred to support the resource re-utilization in the radical change process. 
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Summary 

Problem 

When some electronics companies in Japan failed to keep up their competition in 
the market, they closed down some of their production facilities in the country. 
Later the stacked up production resources were utilized to build a new artificial 
plant factory in the same facility. This transformation from semiconductor 
manufacturing to an artificial plant factory by re-utilizing the available resources 
was considered as an innovative change in the resource based perspective. The 
problem seems that there is a paucity of research for a systematic change by using 
the existing resources in the production facility, to build an extremely a new 
industry. The interesting part is the vast difference between these two industries 
and their products, which was also required to study from each industry’s 
perspective separately.  

Purpose 

The purpose of the research is to explore the resources, their abilities, and the 
strategies that could be adopted for the re-utilization process during the 
transformation from the semiconductor manufacturing to the artificial plant 
factory. The purpose of the research led to three research questions. Each 
research question is focused to study from each resource category, such as 
Knowledge, Infrastructure, and Production technology.  

Methodology 

The literature review was conducted to achieve deeper understanding of the two 
industries. Resource based view, knowledge management, and radical 
improvements in the production system (Kaikaku) were also                                       
explored from the literatures. Since, the scientific papers about the practical 
implementation of innovative change are limited, a multiple case study with three 
concerned companies seemed to be a logical direction for data collection from its 
original context. The Fujitsu case study was the key research part for examining 
the radical change process because they have already experienced the 
transformation from the semiconductor industry to artificial plant factory. The 
other two case studies were conducted to identify the characteristics of artificial 
plant factories. Documents provided by each company were also considered in the 
data collection phase. 

Result  

The research concludes by providing a framework for the resource re-utilization 
process. The framework is a combination of all the three research questions and 
helps to view the problem from a holistic perspective. 

Keywords 

Resource based view, Kaikaku, Radical Improvement, Knowledge Management, 
Semiconductor manufacturing, Artificial plant factory, Know-how 
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1 Introduction 

This chapter introduces the topic and the background of this thesis. From the 
background presented, the problem is identified, followed by the purpose and the 
research questions. The introduction chapter is concluded by presenting the 
delimitations of the thesis. Finally, the outline of the thesis is presented to give an 
overview of the following chapters.  

1.1 Background 

The recent trend in some electronics companies in Japan is to dedicate a small 
part of their facility to produce vegetables. As a source of sunlight, there are 
thousands of light-emitting diodes (LEDs), which can produce light with a 
wavelength as exactly required to harvest these crops indoor (The Economist, 
2014). The organization undergoes different changes to stay competitive or to 
survive in the globalized business. Sackmann et al. (2009) says that it is highly 
required to drive a change along with a shared knowledge, vision, and build along 
with a learning organization to achieve a sustainable change in the company. 

After the global financial crisis, some Japanese electronics companies who could 
not compete in the market had to downsize their operations and closed some of 
their plants. Toshiba, Fujitsu, Panasonic, Sharp, Mitsubishi, and Sony had one 
common solution for staying competitive; they have allocated their resources for 
agricultural applications and facilitated to develop artificial plant factories (Pfanner 
& Inagaki, 2014). There are several reasons why these companies have decided to 
change. They had failed to keep up the competition in telecommunication and 
electronic business. Therefore, they had to open towards new businesses and 
extend their market (Pfanner & Inagaki, 2014). These high-tech companies also 
use their new plants to popularize and showcase their high-tech farming 
technology and solutions (JCNN, 2014). 

Panasonic (Asia Pacific) has stated in an interview that; “Utilizing our expertise in 
engineering, manufacturing, and factory automation, Panasonic can grow high-
quality vegetables and stabilize food supply, by fulfilling the global market need” 
(Helmer, 2014). 

Agriculture industry will be a key factor in the future world because of the world’s 
growing population that will extremely increase the demand in the food industry. 
The global climate change has a serious effect on arable land. It follows from this 
that the high-tech farming solutions would be a successful tool to solve these 
global catering problems forecasted by scientists. The plant factory market has 
high potential in this decade, according to Radiant Insight (2014): market at 403 
million dollars in 2013 will reach 1.97 billion dollars by 2020.  

The artificial light plant factories have an artificially controlled environment to 
produce plants by using minimum material, energy, and resources (Kozai, 2013). 
The high-tech farming is a method of agriculture followed in artificial plant 
factories with high technologies such as precision control and Information 
Communication Technology (ICT) (Ammann, 2009).  
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The resource based view by Wernerfelt (1984) has stated that a specified resource 
profile in a company can define the resource-product relationship, which means 
the capability of a resource in a firm can be utilized to produce more than one 
product. From a production perspective, instead of selling the resources and 
equipment, those can be re-utilized to produce in different industry and break into 
new markets that provide an opportunity for higher utilization of existing 
technology and infrastructure. Radical changes by applying innovative ideas that 
results in production development is termed as Kaikaku (Kondou, 2003).  The 
term “Kaikaku” was derived from the Japanese language, which meaning is a 
radical improvement. Yamamoto (2010) has extensively described Kaikaku in 
production development, such as introducing new technologies in production or 
introducing new production practices in the industry. We believe that the concept 
of Kaikaku along with the resource based view in production strategy could help 
to perceive the logical concepts of the development phase between these two 
industries.        

 

1.2 Problem Statement 

 

Kozai (2013) and Quirk (2001) have discussed about various resources involved in 
the closed plant factories and the semiconductor manufacturing processes. By 
reviewing the gathered information from both backgrounds it was found that the 
production resources in semiconductor manufacturing and artificial plant factories 
have multiple commonalities. Semiconductor manufacturing facilities are intended 
to be maintained in a controlled environment conditions to avoid contamination, 
save humans from toxic chemicals, and avoid IC (Integrated chip) failures. Thus, 
the same procedures are followed in the artificial plant factories to control the 
plant’s growth and also to produce hygienic vegetables in an industrial 
environment.  

The semiconductor production processes are highly technology oriented and 
utilize a large number of IT (Information Technology) controlled devices (Mönch 
et al., 2013). Furthermore, to manage these resources, in a new production 
process, there should be a strong control of technology and good knowledge in 
the management field (Grant, 1991). This human knowledge has been innovatively 
re-utilized into the new production profile or replaced with external expertise. 
There are opportunities for enhancing the available knowledge by interacting the 
human resource and their technology (Wernerfelt, 1984). 
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Figure 1: Organizational resources used as an input for production process (based on Grant, 
1991) 

According to Grant (1991), there are other resources related to production 
systems (see figure 1) and the resources in this study are focused on human, 
technological and physical resources (marked with green in the figure, focusing on 
the manufacturing system). Physical resources, such as equipment, machinery and 
facility will be referred as infrastructure from now on. As Bembridge et al. (2011) 
states, knowledge in the workplace is described as human and represents the 
categorized expertise within the organization. Technological resources include 
Information Communication Technology (ICT), sensors and other devices that 
are controlled by ICT. The efficient utilization of the above mentioned 
organizational resources should be a significant challenge and can be managed by 
knowledge and technology interactions with proper guidelines (Wernerfelt, 1984). 
Such development and resource performance will have a high cost associated with 
them (Henard & McFadyen, 2012; Wernerfelt, 1984). However, the research is 
highly focused on knowledge, technology, and other resources pertained to the 
technology, required for achieving a successful transformation into the artificial 
plant factory.  

There are relevant terms and materials regarding artificial plant factories, know-
how, radical production improvement (Kaikaku) and the resource based view. The 
term Kaikaku was described and presented by Yamamoto (2010) that represents 
the radical improvements in the production system. Such radical improvements 
which could impose a dramatic change in the production development are 
considered to shed light on the transformation process in this research. These 
theories have presented the efficient and innovative methods of managing the 
resources such as resource based production strategies to expand the capabilities, 
diversified firm, resource-product matrix, and also radical production 
improvement. The extensive review of the available literatures have shown the 
extended studies on the artificial plant factories and also there are literatures such 
as Kozai (2013), Yeh (2009), Ammann (2009) which prove the effective uses of 
technologies in the farming business. It seems relevant and timely to develop 
further study on the transformation happened within the Japanese companies in 
the resource area of the industries. Considering the company’s competitive 
advantages and re-utilizing their resources requires identifying and managing the 
re-utilizable resources effectively. The collected literatures shown that there are 
studies to represent these industries separately and no specific papers published to 
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bring focus on the transformation between two industries. Despite the 
transformation process as a whole, the resource re-utilization is seems to be a new 
strategy in the industrial production development. Thus, this part of the research 
gap has to be brought to light by studying the available resources, resource 
applications, and their capabilities in each industry individually and how they could 
be strategically re-utilized.  The problem was also identified that the available 
resource capability and knowledge cannot be sufficient enough to move from one 
industry to another, which will require some additional capabilities from outside 
the firm. The Managers from the Japanese companies have also stated that 
including a diversified expertise in the firm during the development stage was 
considered as a challenging part of the process (Helmer, 2014).  
 
Wernerfelt (1984) has stated that the resources in an organization have their own 
unique characteristics and therefore, this can highly influence the resource re-
utilization phenomenon. Each industry acquires resource for a particular job (or) 
application, and hence there could be a need to analyse the cross-functional ability 
of the resources before re-utilizing them. Therefore, the authors believe that there 
is a need to explore the ways of re-utilizing the resources to build the new 
production system. For this reason, the research is conducted to cover this 
research gap by understanding the opportunities available in the current trend 
within electronics industries and develop a framework.  
 

1.3 Aim and research questions 

 

“The aim of this research is to explore the manufacturing resources and the strategies that could 
be adopted for the resource re-utilization process during the transformation from semiconductor 
manufacturing into artificial pant factory”.  

The flow of research sequence is guided by the following research questions: 

 RQ1: How can the human knowledge in semiconductor manufacturing be 
re-utilized to establish an artificial plant factory? 

 

 RQ2: How can the existing infrastructure in semiconductor manufacturing 
be re-utilized to establish an artificial plant factory? 

 

 RQ3: How can the production technologies in semiconductor 
manufacturing be re-utilized to establish an artificial plant factory? 

 

1.4 Delimitations 

The study is mainly focused on the re-utilized resources and the various 
knowledge required to achieve a successful radical production change, therefore 
the study does not intend to explain the process and consequences of downsizing 
an existing production during the change process. The resources emphasized in 
the research questions are considered as highly important and other resources 
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related to the production system (time, money, raw materials, etc.) are considered 
as a supporting factor for the findings and data collections in the report. The 
problem is pertained towards the company’s ability to adapt their technology to 
different settings, and this attribute could be generalizable among semiconductor 
manufacturing companies.  

1.5 Outline 

 

Introduction

•Introduction is the opening part of the report and it explains the background, problem 
statement, aim and research questions, and delimitation of the research. 

Theoretical 
Background

•It is the second chapter of the report and it presents the theoretical background for the 
thesis. The literatures are collected based on the problem statement, and for empirical 
understanding are also covered. The collected theories will be used as the base for the 
analysis.

Method and 
Implementation

•Third chapter of the report presents the methodology used in this thesis. Furthermore the 
motivation of selected research method and techniques are described.  

Findings and  
Analysis

•In this chapter the findings from the case study are presented and analysed. The analysis 
part is done by comparing the findings along with the theoretical background studied in the 
previous chapter.

Discussion and 
Conclusion

•Fifth chapter is presented with the discussions of the research findings and methodology, 
then concluded with the further research direction.

Figure 2: Outline of the thesis. 
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2 Theoretical background 

The theoretical background consists of six different parts considering resource re-
utilization and radical improvements in production: 

 The theoretical background begins with defining the term Manufacturing 
system and Production System.  

 The second part of this chapter discusses the various resource utilization 
opportunities, which could be the motivators for resource re-utilization. 
Then, explaining the framework formulation guideline for resource based 
strategy.  

 Third, the process innovation in production development is described. 
This part discusses the process and the different types of improvements in 
production. 

 The fourth part covers knowledge managements and its importance in a 
firm as a resource. The different types of knowledge in a workplace and 
their characteristics are also discussed in this part.  

  The fifth and sixth part covers the production resources, functions and 
operations in the artificial plant factories and semiconductor 
manufacturing.   

 Final part of this chapter presents the summary of the theoretical 
background.  

2.1 Definition for the term Manufacturing system and 

Production System 

2.1.1 Production System 

The term “Production System” has a broader meaning and it is defined as a 
system with different operations, which converts the input into a desired output 
(Marksberry, 2012; Al-Turki et al., 2014). The input and output could be anything 
within or outside an industry, for example; an input could be a certain product 
tailored according to a specific need (Or) money converted into a physical 
product, with several stages involved (Al-Turki et al., 2014). As Marksberry (2012) 
mentioned, the production system is seen as an organization that has interacting 
elements with interdependencies. Organization is a system, therefore one change 
in the system could impact the whole (Marksberry, 2012). As per Grant (1991), 
the figure 1 represents the organizational resources. The organizational resources 
(see figure 1) are classified into tangible and intangible assets based on their 
capability and valuation in the market price (Grant, 1991). The system has other 
subsystems which require to maintain a good relationship with each other, due to 
the interdependencies (Marksberry, 2012). 
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2.1.2 Manufacturing System 

The term “manufacturing system” has a narrow meaning and it is defined as a 
system of different operations, which converts the raw material into a desired 
product (Al-Turki et al., 2014). The manufacturing resources are particularly 
employed for the transformation process, that include physical manufacturing 
resources such as Man, Machine, materials, and the manufacturing capabilities 
existing in the software and hardware (Li & Mehnen, 2012). The term 
Manufacturing could be used in the context with production within the industry, 
because the term production intend to refer anything being produced from input 
to output within or outside an industry (Al-Turki et al., 2014). Sagawa & Nagano 
(2015, P. 624) have stated that, “in several manufacturing environments, the 
production systems are subjected to disturbances of many sources, such as 
changes on product demand and customer requirements, machine breakdowns, 
urgent jobs, absenteeism, financial fluctuations, and so on”. 

 

2.2 Resource re-utilization motivators; from resource 

based view 

2.2.1 Resource based view  

The resource based view explains about the opportunities of the firm in the 
market from the resource perspective rather than in a product perspective 
(Wernerfelt, 1984; Grant, 1991).  RBV also provides a view about the competitive 
advantage of the resources held by the firms (Wernerfelt, 1987). According to 
Wernerfelt (1984), Priem & Butler (2001), Grant (1991), the resources that are 
rare, has value, non-imitable, non-substitutable, and non-transferable are the 
characteristics of the resources that can add a sustainable competitive advantage to 
the firm.   

In the dynamic of resource management, Priem & Butler (2001) have spoken 
about utilizing single resources for different business and considered it as a 
common business policy in diversification firms. The resource manager and 
acquisition strategy does allow the company to sell or buy a bundle of resources 
from an imperfect market. From a buyer’s perspective, a resource-based set of 
acquisition strategy is (Wernerfelt, 1984, P. 175); 

1. Related supplementary (acquire more resource of existing resource profile). 
2. Related complementary (acquire new resources to combine effectively with 

the existing resources). 
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2.2.2 Resource-Product Matrix 

From the previous section as said by Priem & Butler (2001) about diversified 
firms, similarly Wernerfelt (1984) has presented a resource-product matrix as a 
tool to analyse the relationship between the products and resources, (see figure 3). 
The analysed resource situation at the firm will suggest the strategic decisions such 
as expanding the firm, the acquisition strategy or to move the resources via a third 
party (Wernerfelt, 1984). 

Resource I II III IV V 

Market 

A x x    

B x   x x 

C  x x   

D x    x 

Figure 3: Resource- Product Matrix (Wernerfelt, 1984, p. 176) 

2.2.3 Resource based view: Strategy Framework 

The strategy of a firm is based on the resource position in the company, and an 
available resource profile can able to show all the possibilities to strive in an 
optimal product-market (Wernerfelt, 1984). The conceptual work of this resource 
based strategy is more focused on the competencies of the firm’s resources that 
has the capability to improve the competitive advantage (Grant, 1991). The 
strategy has been defined as (Grant, 1991, P.114). 

“The match an organization makes between its internal resources and skills… and 
the opportunities and the risk created by its external environment.” 

The Figure 4 is a framework presented by Grant (1991) for strategy formulation 
on resource based approach. This framework is structured in five stages (see 
figure 4) to select a strategy by analyzing the firm’s resource base, capabilities, 
profit earning potential, and upgrading the firm’s resource pool (Grant, 1991). The 
provided framework can also be used as a framework formulation guideline for 
resource based strategy.  
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Figure 4: Resource based strategy framework (Grant, 1991, P.115) 

 

2.3 Process innovation 

As it was stated in Schroeder et al. (1989) “Innovation is the implementation of 
new and valuable ideas” that has a significant effect on organizational objectives. 
Definition placed in a radical context is framed by Dewar & Dutton (1986), who 
mentioned that radical innovation is an essential change and “involves 
development of new processes and systems that are distinctly different from the 
existing ones”. Process innovation involves various organizational process 
improvements such as production or new product development. It is more about 
a large-scale project that covers several groups or department and aim to 
implement changes that dramatically improve the existing processes (Davenport, 
1993). 

2.3.1 Kaikaku 

According to Yamamoto (2010), companies’ ability to combine incremental and 
radical changes is a crucial requirement to compete in the quickly changing global 
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market. He stated two approaches in terms of production improvement: 
incremental continuous improvements (Kaizen) with small and sequential changes 
that focus on the smoother development of production systems. Contrarily, 
radical improvement (Kaikaku or re-engineering) are significant projects with 
dramatic changes and results in production development by applying innovative 
new practices instead of the existing ones (Kondou, 2003). As Bodek (2004) 
defined, Kaikaku is the “transformation of the mind”, while Caroll (2007) 
mentioned “lean re-engineering” as the meaning of Kaikaku. Other differences 
between these two lean approaches are phrased by Seeliger et al. (2014) in terms of 
their project scope. Kaikaku takes longer timeline from weeks to months, while 
Kaizen is usually carried out within few weeks. 

 
Figure 5: Impact of two approaches (Seeliger et al., 2014, p. 2) 

 
The Figure 5 represents the operational impacts between Kaikaku and Kaizen. 
Kaizen is a continuous improvement process suitable for the product line, a 
function or a matured organization as a whole. Kaikaku is a large-scale 
improvement in a radical change, more like a transformation process (Seeliger et 
al., 2014). The operational impact is large in Kaikaku because it is directly linked to 
the business strategies and a large number of resources, and staffs are involved 
when compared with Kaizen (see figure 5) (Seeliger et al., 2014). Changes were 
made in, for instance, production processes, production equipment, and culture in 
organizations, manufacturing strategies, leadership styles, information systems, 
and management processes. In some cases, the scope of the change was not only 
the production systems, but also the whole company (Yamamoto, 2013). Kaikaku 
usually involves three main phases that constituted by small projects running 
along Kaikaku process (Yamamoto, 2013). 
 
The Figure 6 below shows the different phases involved in the Kaikaku process. 
The process of Kaikaku is designed in equivalent to the process of innovation 
(Yamamoto, 2013). The each phase represented in the figure 6 involves several 
steps incorporating different tools, activities, methods, and small projects 
(Yamamoto, 2013). Kaikaku is a time-consuming process and encompasses more 
activities for a determined time period (Seeliger et al., 2014).    
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Figure 6: Process of Kaikaku (Yamamoto, 2013, P.17) 

When the company needs a radical change or fundamental rethinking in a short 
period of time, the risk of Kaikaku is higher than other improvement approaches. 
Therefore, this radical way of improvement is recommended for organizations 
that are forced to change due to certain business consideration or economic crisis 
(Yamamoto, 2013). As most of the researchers emphasize (Yamamoto, 2013; 
Seeliger et al., 2014; Kondou, 2003), Kaikaku is best suited to the proactive way of 
thinking as an anticipation of gaining the market position, introduction innovation 
or emerging new technologies. 

2.3.2 Four types of Kaikaku 

 

Figure 7: Four types of Kaikaku (Yamamoto, 2013, P. 23) 

The four types of Kaikaku, as mentioned in the Figure 7 above, are distinguished 
between incrementally innovative and radically innovative based on the subject to 
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changes in the structural or the infrastructural level (see table 1). The incremental 
innovative (represented as locally innovative in the figure 7) Kaikaku is when the 
company introduces new techniques and equipment that changes the production 
system, but which is not new to the industry (for example; Six Sigma, TPM and 
Lean). The radically innovative Kaikaku is when the company introduces new 
production technology, method of working, restructuring the organization that are 
new to the company but are also new to the industry (see figure 7). Such type of 
radically innovative changes makes the production system unique in the industry 
(Yamamoto, 2013). The basic changes in subject to the structural and the 
infrastructural area are shown in the Table 1. 

Table 1: The subjects involved in Structural and infrastructural areas (Yamamoto, 2013) 

Structural Area Infrastructural Area 

Production Capacity Human Resource 

Plant network design Production planning & control 

Production technology Quality & cost control 

Vertical integration Material flow  

--- Maintenance 

--- Organization Structure 

 

2.4 Knowledge management 

According to Smith (2001, P. 312) the knowledge in the workplace is described as 
“knowledge is a human, highly personal asset and represents the pooled expertise 
and efforts of the network and alliances”. 

The knowledge management context, in this case, is studied on how to bridge the 
gap between retained knowledge and new knowledge. This gap can be bridged by 
reciprocating and iterating the flow of information between the researcher and 
practitioner during the different development phases of the research (Hulme, 
2014). Bhatt (2001) also states that creating an interaction between people, 
technology and technique in an organization can provide an effective knowledge 
management system. Thus the implementation of an appropriate system for new 
knowledge in practice was conducted through different approaches by the 
scientist and the difficulties in achieving it are documented as “knowing-doing 
gap” (Hulme, 2014, P. 1132). Similar to the above statement Bhatt (2001, P. 68) 
has described that such an environment for knowledge transfer as “learning by 
doing” is necessary for an organization to sustain its competitive advantage. 
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2.4.1 Knowledge Management Model 

Probst (1998) has designed a model for practical approaches for managing 
knowledge in an organization (see figure 8). This model has been tested and 
proved its credentials in many organizations. According to him knowledge 
resources are skills, capabilities, routines, norms, and experiences. The knowledge 
management model is built with eight building blocks with logical phases and 
effective points of intervention. Each block in the figure 8 is explained by Probst 
(1998), as mentioned below.  

 Knowledge goal: Knowledge goal determines the organization’s desirable 
structure for the future and to develop the company’s planning process. 
(For example; developing a new mission statement is a first step in the 
knowledge goal.) 

 Knowledge identification: Knowledge identification is to realize which 
knowledge has to be held in the company and to understand the expertise 
available inside and outside the organization.    

 Knowledge acquisition: It is very important that buying a critical capability 
from the knowledge market should make a good fit with the company. The 
acquired new knowledge can bring effect in the company if they are 
somewhat similar to the existing or old one. 

 Knowledge Development: Knowledge development in a team can be 
achieved through knowledge sharing. The knowledge development can be 
classified into individual knowledge development and collective knowledge 
development. As a team, if they report their “lessons learned” at the end of 
each project, it will help the future members to learn from that experience. 

 

Figure 8: Practical knowledge management model (Probst, 1998, P. 19) 
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 Knowledge Distribution: Proper distribution of knowledge improves the 
quality and effectiveness of the work. Distributing the technical knowledge 
among the different expertise can effectively help to share knowledge on 
the common information sharing network.  

 Knowledge preservation: The companies must ensure that their valuable 
knowledge will not be lost in the future, by providing appropriate storage 
and tools to map and manage. 

 Knowledge Measurement: There are no formal tools available to measure 
knowledge. They are pioneers (Probst, 1998). 

2.4.2 Explicit and Tacit Knowledge 

Knowledge has been classified in two forms, tacit and explicit knowledge (Hulme, 
2014).  

Explicit knowledge is described as “academic knowledge or “know-what” that is 
described in a formal language, print or electronic media, often based on 
established work processes, use people-to-documents approach” (Smith, 2001, P. 
314). 

The characteristics of explicit knowledge; highly codified and transmitted in a 
systematic way (Fraust et al., 1992).  

Tacit knowledge is described as “Practical, action-oriented knowledge or “know-
how” based on practice, acquired by personal experience, seldom expressed 
openly, often resembles intuition” (Smith, 2001, P. 314). 

The characteristics of tacit knowledge; abstracts and transmitted through active 
interactions (Fraust et al., 1992).  

2.4.3 Know-how 

Lee & Van den Steen (2010) has explained about setting up a formal knowledge 
system to manage Know-how (Formal system for recording know-how on 
common sharing information network) in an organization. For the firms which 
frequently face several uncertainties, which frequently involve in experimental 
methods of working it is very much necessary for a formal knowledge system to 
derive a suitable solution for the problems with the acquired knowledge of 
successes and failures in the firm. The recorded problems are explicit and 
codifiable, which in-turn via transfer the know-how knowledge to the employees 
(Lee & Van den Steen, 2010). 

Carr (1991) states that individuals in an organization use intelligent technologies 
has different needs to perform effectively, such as; need to learn, need to deal with 
abstractions, need to work cooperatively, need to respond creatively, need to 
communicate properly. These needs are depended on the level of worker and their 
skills in the organization. These needs demand certain competencies within the 
individuals as described by Carr (1991), five-meta competencies.  The knowledge 
work is more required for the top level of the workers and if the individuals 
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identify the needs for same competencies, then training them becomes simpler 
(Carr, 1991).      

    

   

Figure 9: know-how action diagram (Carr, 1991, P. 30) 

The Figure 9 has described the process of know-how and acquiring the feedback 
in-order to understand the different competencies of an individual and a firm. The 
block “Means” in the figure 9 represents the problem or the job and the block 
“Need” represents the need for the competencies required for doing the job (Carr, 
1991). These five different competencies, which were described as an individual 
competency of a worker in an organization, most needed to perform effectively 
(Carr, 1991). The competencies represent the abilities and skills of the worker’s 
best fit within an organization, which can be studied by the Know-How method 
of knowledge management.  For example, the background competencies represent 
the skills and training of the employee required for the job (the knowledge to 
better understand the rules and ways of working in a specific industry), this 
competency qualify the individual for the role in the organization (Carr, 1991). 

 

2.5 Plant Factories 

Ammann (2009) says that the artificial plant factories are the latest development 
combining all types of farming methods and technologies. They are an innovative 
approach to utilize the high-tech resources to create an artificial environment 
(controlled light, CO2, humidity, temperature, nutrition), which promotes stable 
production of vegetable for all day in a year (Kwon et al., 2014). The physiological 
reactions which are necessary for the plants to complete its life cycles, such as 
photosynthesis, respiration, and transpiration, translocation and distribution can 
be controlled with the essential resources and technology in the plant factory, 
which in-turn is possible to predict the growth and quality of the products 
(example: height, protein concentration, taste, life cycle, chemical content) 
(Takatsuji, 1991). The artificial plant factory is constructed by using the light 
source, heater, heat exchanger, a humidifier, a dehumidifier to achieve the desired 
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environment condition (Nakayama, 1991).  These resources and technology are 
selected by considering the parameters for the production of vegetables, for 
example; the wavelength and color of the light source can influence the plant 
growth and it is illustrated as in the Table below (Yeh, 2009): 

Table 2: Effects of Light colours on plant growth 

LED Light 

Colours 

Effects on plants due to light colours 

Red and Green Chlorophyll absorbs the light effectively 

Green and 

yellow 

Are reflected or transmitted and not very much involved in the 

photosynthesis process. 

White light Normal growth can be achieved as it is in the open field’s light. 

2.5.1 Light Source 

As discussed about the importance of light colours in the previous section (see 
table 2), the light sources are considered as an essential component because it 
controls the photosynthesis, photo-morphogenesis and temperature responses of 
crops (Lee et al. 2013). Based on their reactions and benefits in plant growth, as an 
evident, a continuous research is carried out to identify an energy-efficient and 
highly effective source for light energy (Kozai, 2013). He also stated that until 
1995 high-pressure sodium lamps are used as an artificial light source that is then 
replaced by fluorescent lamps and light-emitting diode (LED).  The Light-emitting 
diodes (LED) are an energy source of semiconductor, and they are highly 
preferred in plant factories due to their long lifetime, high energy conversion 
efficiency and low electricity consumption (Yeh, 2009).  

The interplant lighting is a way of positioning the light source just above the 
cultivation panel of the plants to provide side lighting, upper lightning, and this 
setting gives more light energy to the lower leaves, it is because the photosynthesis 
rate of the lower leaves is negative, or nearly zero and this light turns into positive. 
Thus the selection of light source is so crucial to build a closed plant factory and 
the study is currently placed in intensive research for space agriculture, in-order to 
cultivate plants with artificial lights in the space-plant research center (Yeh, 2009). 

2.5.2 Technology 

The Figure 10 shows the overall integration of different technologies used in the 
plant factory configuration in the production system. It is believed that high-tech 
farming serves as the future of farming, and it is necessary to integrate the various 
technologies available for agriculture (Kwon et al., 2014). Pre-processing methods 
are conducted before constructing the cultivation room, such as simulation will be 
checked to decide the exact parameters for the amount of crops and yield 
periodically to maintain an artificial farming environment inside the closed 
factory. Based on the simulation results the parameters are pre-determined 
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according to the artificial plant design (Kwon et al., 2014). Precision farming is 
chosen as a nowadays production strategy in high-tech farming business to control 
all these required parameters (Ammann, 2009; Busse et al., 2013). Precision 
farming is not a single technology; it is a combined system of Sensors to monitor 
the environmental conditions, Artificial Intelligence for appropriate decision 
making, Automated Machines to implement the orders, and Information 
Communication and Technology (ICT) is used to bind all these elements together 
(Ammann, 2009).  
 

 
Figure 10: Overall system configuration. (Kwon et al., 2014) 

 

The ICT is a combination of information and communication technology (see 
figure 10), which entails together in-order to search, collect, process, store, and 
utilize data by integrating software and hardware technologies together (Kwon et 
al., 2014). The sensors and controllers (examples: LED Controller, Humidity 
controller, CO2 controller, Nutrient controller, Power controller) are placed along 
the cultivation bed to ensure the desired environmental parameters, and energy 
consumption of the devices and these data are analyzed to find the optimal 
environment parameter that increases the crop growth rate and minimizes the 
resource utilization (Kwon et al., 2014). The precision farming can also be 
controlled remotely by managing wireless sensors, controllers and CCTV 
monitors, where Ammann (2009) states it as a strategy for satellite steered farming 
with integrated information systems, sensors and other automated machines to 
farm. 
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2.6 Semiconductor Manufacturing 

The framework of the semiconductor manufacturing system is designed into BS 
(base system) and IS (Information system). The BS is comprised of job processing 
system and a Material flow system; these two processes control the system 
components (capacity for processing, machines, operators, and auxiliary 
resources) and secondary resources (facility necessary to store, transport, and 
supply raw material, working objects). The information system is responsible for 
controlling the different processes in the production system (Mönch et al., 2013). 
Base system (BS) is a collection of wafer fabrication facilities (later as “wafer 
fabs”) and back-end facilities. The wafer fabrication and sorting are called front-
end operations while assembly and testing are called as back-end operations. The 
important stages in the semiconductor manufacturing are shown in the Figure 11. 

 

 
Figure 11: Integrated circuit production steps (Quirk, 2001) 

2.6.1 Semiconductor wafer fabrication 

Semiconductor wafer fabs are known as the most complex, challenging and 
important segments in today’s global manufacturing (Mönch et al., 2013; Lin et al., 
2001). The wafers are a thin slice of silicon chips fabricated using a die and 
different combination of chemicals (Quirk, 2001).    

The facilities used in wafer processing are a clean-room and environment 
controlled (Mönch et al., 2013; Diginfo, 2007; Li & Zhou, 2015). For example, 
Toshiba has developed equipment such as heaters and monitors, especially 
suitable for the clean room and achieve a desirable closed room condition 
(Diginfo, 2007). It is very important to consider and maintain the clean room and 
environmental control factors in semiconductor production because these 
production processes are complex and make use of many kinds of chemical 
substances such chemical raw materials and solvents, which are highly risky and 
generate toxic substances (Li & Zhou, 2015). The contamination of clean room 
can be caused by minute particles, metallic impurities, and organic contamination 
and also these defects can be a reason for the failure of chips during product 
testing (Quirk, 2001). These factors are considered as the most threatening aspect 
of the human life, which force the organization to follow strict control measure 
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and maintenance to avoid the hazardous effects of its sources such as air, water, 
chemicals, production equipments, facility, workers, and the community where it 
is located (Fraust et al., 1992; Quirk, 2001). The humans involved in the 
production process are supposed to wash their bodies before and after they enter 
the facility, wear clean-room garments, and follow the clean-room protocol to 
avoid any hazardous effects on them (Quirk, 2001). 

   

Figure 12: Contamination control in semiconductor wafer fabrication. (Quirk, 2001, P. 17) 

2.6.1.1 Contamination Control 

The characteristics of the chemicals used to change when their environmental 
conditions vary, and thus these properties (temperature, pressure, condensation, 
vapor pressure, sublimation and deposition, density, surface tension, thermal 
expansion and stress) are concerned to achieve a desired state to maintain the 
chemical’s uniqueness which is necessary for the chemical reactions in wafer 
fabrication (Quirk, 2001). Thus, a clean environment for semiconductor 
manufacturing can be achieved by reducing, removing and preventing the 
hazardous waste generated in the facility (Probst, 1998). These hazardous wastes 
can be processed, and proper environment can be maintained by four different 
programs as explained by Charles (1992): 

1. Waste Water Treatment, 
2. Air Pollution Control, 
3. Hazardous Waste Management, 
4. Environmental Engineering Laboratory. 
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The most common devices used for the above-stated waste managing programs 
and to environmental control aspects are elucidated by (Quirk, 2001; Charles, 
1992): Temperature and pressure detector, Temperature control system, Air filter, 
Industrial Vacuum Housing, Water Filter, Vacuum pumps, UV lamps for 
seterlizationing the bacterias, and High Efficiency Particulate Air Filter (HEPA) to 
remove sub-micrometer particles in semiconductor. 

2.7 Summary 

In order to facilitate for the reader, this chapter concludes the literature review 
chapter with a summary.  Initially the literature review was done by creating a 
context to compare the resource based transformation process along with the 
resource based strategies and Kaikaku. Section 2.2 presented the resource based 
strategy framework based on the capabilities of the firm’s resources to improve 
the competitive advantage, see figure 4. The sub-sections 2.2.1 & 2.2.2 have 
presented the different factors that act as a motivator for the resource re-
utilization process. The particular resource based transformation studied in this 
research has influenced by an innovation process in the production system. Such 
innovation in production development under a change process is studied as 
Kaikaku, which is presented in the section 2.3. The literatures were also analysed 
to study the process of Kaikaku, timeline, and different types of changes in 
Kaikaku, see figure 5, 6, & 7.  While the above mentioned two sections presented 
a framework guideline and different change processes, the section 2.4 presented 
the knowledge management strategy. Considering the knowledge as humans there 
are knowledge available inside and outside the organization, the sub-section 2.4.1 
presented a knowledge management model for practical approaches in an 
organization, see figure 8. The section 2.5 presented the technologies, their 
purposes in the manufacturing process, and other resources involved in the plant 
factory are studied.  The overall integration of different technologies such as 
sensors, controllers, equipment, and ICT was analysed in the section 2.5.2, see 
figure 10. Similar to the plant factories, the literature review was conducted for 
semiconductor manufacturing to analyse the technologies, their manufacturing 
methods, and the resources involved in it were analysed, see section 2.6. Overall 
the theoretical background is framed to analyse the strategies based on resources 
and innovative changes in the production system which involves human 
knowledge, infrastructure, and technologies in the focused industries.   
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3 Method and implementation 

In this chapter, the authors explain their chosen methodology and way of working 
during the research process. The motivation for the chosen design and method 
for data collection phase are also presented.  

3.1 Research Method 

The research method is crucial for collecting the precise data for the research 
(Kothari, 2004). Williamson (2002) has mentioned about two types of research 
methods: quantitative research and qualitative research. Quantitative research is 
applicable to the phenomenon and it is based on measurements of quantity 
(Kothari, 2011; Williamson, 2002). Qualitative research is known as a naturalist, 
interpretivist or constructivist; they are applicable to phenomena related to quality 
or kind (for example; human behaviour). It is used to identify the underlying 
motives and investigate it in the natural settings (Kothari, 2011).   
 
In this thesis, a qualitative method has been used as the primary method. The 
purpose of the research requires studying and understanding the transformation 
process between the two industries. Therefore, the qualitative method is chosen as 
an appropriate way to do the research for studying the phenomenon of innovative 
change in the Japanese industries. Moreover the qualitative data can be helpful to 
acquire the information about change from each individual’s perspective in 
different expertise within the company. The collected data are non-measurable, 
therefore, the qualitative research method is preferred for this thesis. 

3.2 Research Approach 

Williamson (2002) has presented two major traditions of research, basic and 
applied research.  The basic research is also known as fundamental research, 
which is involved in theory building with a novel knowledge and indirectly 
involved in the application of practical problems. The other research tradition, 
applied research, is basically involved in solving specific problems in the real life 
situations.   

The purpose of this thesis is to explore the resources and their abilities to be re-
utilized in a specific phenomenon. The basic research tradition is followed to 
derive a new knowledge from the different theoretical background and analyse it 
with the empirical data, according to the research purpose. Even though this 
research looks like basic research, the data are collected from the real life 
problems, and there are possibilities for practical implication. Williamson (2002) 
has also stated that the basic and applied research is not distinguished in a clear 
manner, yet some of the same techniques are used for both the research. The 
reason for this combined contribution is that basic knowledge is derived by 
analysing the practical problems, and the solutions could be used in practical 
applications in the long term.  

The research followed by the inductive reasoning approach. The inductive 
reasoning begins with specific situations and concludes with a general statement 
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(Williamson, 2002). This research was intended to study the resource re-utilizing 
opportunities in semiconductor manufacturing to the artificial plant factories 
through literature and empirical study, later came up with a framework to provide 
insights for the semiconductor manufacturing companies. The Figure 13 below 
represents the research design of this thesis. This research design as in the figure is 
described below in respective sub-divisions.   

 

Figure 13: Qualitative research design (Williamson, 2002, pp. 33) 

3.2.1 Literature review 

The literature review was done from the existing data that are collected by other 
researchers and already passed through the statistical process (Kothari, 2011). The 
existing resources in the theoretical background were books, articles, and other 
electronically published information. There was no specific literature found on 
resource re-utilization or production related papers on such transformation in 
English. Therefore the authors framed the required theories from different 
categories to support the empirical findings. The literature search was solely done 
on the Jonkoping University library website (Primo) and Scopus. There was no 
limitation was set for the literature’s publication year, though the authors preferred 
the latest literature for the theoretical background in the review process. This 
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research involves a literature search by topics and not limited to the journals to 
include all necessary information for the analyses.  

Berry picking approach was used to find the literatures related to the research 
topic electronically. Berry picking search leads the researcher to locate the 
literatures that resemble the one that the researcher was actually looking for 
(Finfgeld-Connett & Johnson, 2013). The keywords used for the literature search 
were shown in the table 3 below, each block represents a keyword.  

The literature reviews were structured in the theoretical background as 
semiconductor manufacturing, resource based view, knowledge management, 
Kaikaku, and the artificial plant factories. The findings from the literature review 
will be used for the data analyses along with the empirical findings. The data 
collected are qualitative in nature and a corresponding method of analysis was 
used. The gathered literatures are studied carefully valued towards the research 
topic. 

Table 3: Keywords used for literature search 

Keywords Resource 
Management 

Resource based 
View 

Environment 
Management 

Kaikaku 

Production 
Change 

Manufacturing 
Resources 

Resource based 
strategy 

Product 
Management 

Kaizen 

Production 
Development 

Change 
Management 

High-Tech 
Farming 

Know-How Japanese Production 
Methods 

Production 
Technology 

Process 
Innovation 

Artificial Plant 
Factory 

Continuous 
improvement 

Production 
development 
strategy 

Resource Re-
utilization 

Radical Change Indoor-Farming Production Ramp-
up 

Knowledge 
Management 

Production 
launch strategy 

Radical 
Improvement 

Precision Farming Management 
Technology 

Decision Making 

3.2.2 Case Study 

According to Yin (2009), the case study can be defined as “an in-depth empirical 
inquiry that investigates a contemporary phenomenon with-in its real-life context, 
especially when the boundaries within the phenomenon and the context are not 
clearly evident”. 

The research method based on the research approach, a multiple case study with 
three companies had been conducted. The case study when it contains more than 
a single case, it is considered as a multiple case study and it is more convincing 
method for theory building (Yin, 2009; Larsen, 2010). Thus, a comparative aspect 
in the case study design entails the study of similarities and dissimilarities between 
two or more contrasting cases (Larsen, 2010). The case study design for this 
research is intended to study the resources in both the industries and their ability 
to support the change by adapting to different functions in the process. The 
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companies are selected based on the context of the research highlighted, 
electronics and high-tech farming industries. The high-tech farming companies 
were involved in the case studies because they have been acted as consultants for 
such changes in the semiconductor industries.  

The multiple case study in this research is intended to study the resources, their 
capability in the industrial applications and their adaptability in the new industries. 
Since there are very limited number of companies undergone such a change and 
to be evident in Japan. The authors decided to choose the case based on the 
resources, because of re-utilization process both the industries resembles similar 
resources and applications in the company. The case companies selected from 
different contexts, such as semiconductor industry and high-tech farming industry, 
to compare and explore differences within and between cases. 

The idea of the multiple case studies also involves the data triangulation in the 
research method. Data triangulation is the process of cross-checking the data 
collected from different sources, time, and situation (Denzin, 1970). Since the 
process involves a transition from one industry into another, it involves several 
components, so it was decided to gather data from both industries separately. 
According to Williamson (2002), the case study is appropriate to answer “how” 
questions and also case study is explorative and suitable method for the purpose 
of the thesis. This follows by the introduction of the case companies and their unit 
of analysis.  

3.2.2.1 Case Companies 

The case companies were shortlisted based on the research purpose and the 
company’s business. As per the information collected prior, it was learned that 
companies in Japan are the initiator of such a change. Since the authors are in 
Sweden, considering the travel constraints all the companies were contacted 
through emails and telephone calls. Later, a total of fifteen companies (including 
Toshiba, Mitsubishi, Panasonic, Sharp, etc.) invited, and three companies replied 
back with their interest to cooperate with us in this research. We believe that 
distance and time difference are the main obstacle for us to reach the most 
number of companies in Japan.  

The artificial plant factory industries were also involved in the case study for deep 
understanding of the required resource capabilities to build a successful plant 
factory. Fujitsu is considered as the primary case company, and the other two 
plant factories are additional factors that assist the analyses part in the research.     

Fujitsu 

Fujitsu is a Japan-based multinational information technology equipment and 
services company headquartered in Tokyo, Japan. They have several 
semiconductor manufacturing facilities in Japan, and recently they made an action 
to re-utilize their shutdown facilities to convert into the artificial plant factory. It 
was came to know from the news articles that the resources used in their plant 
factory are the retained resources from their semiconductor manufacturing 
facilities. Therefore, this case study is focused to analyse the change process and 
the application of three resource categories in both the industries.  
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Mirai Co. Ltd. 
Mirai sells equipment for constructing artificial plant factory and also they produce 
vegetables in their artificial plant factories in Japan, in that case they have taken a 
huge responsibility to produce vegetables with hygiene quality with good taste to 
the customers. Since they are dedicated to the research and construction of the 
artificial plant factories, this company is chosen for the case study to analyse the 
actual resource requirement for plant factory construction and their applications.   

GRA Inc.  
GRA Inc. is a Japan-based agricultural production corporation that sells and 
manage IT-based technology services to improve and control the farming system. 
The company’s CEO, Hiroki Iwasa is an IT engineer in his former company and 
his basic knowledge is used to form the company pertained to it, by providing a 
web-based integrated management system for agricultural business. The business 
further developed into high-tech farming when Iwasa decided to collaborate with 
the environmental management group. It was learned that GRA Inc. has involved 
highly in technology oriented developments in the farming business, hence the 
unit of analysis is the resource functions and their applications in the plant factory.  

3.2.3 Data collection 

The two suitable techniques for the selected research method are questionnaire 
and interviews (Kothari, 2011) (Williamson, 2002). Since the research is 
explorative and qualitative, interview study and document study were selected as 
the data collection technique. 

3.2.3.1 Interview 

Interviewing can be used in the different way of methods, such as structured 
interviews, semi-structured interview, unstructured interview (Williamson, 2012). 
During this study, structured and semi-structured interviews are used to collect 
qualitative data. The structured interview is chosen in-order to collect data from 
the number of respondents and compare the data to understand the information 
from a different perspective of the phenomenon (Williamson, 2012). The semi-
structured interviews were carried for the purpose of in-depth understanding, 
which is a central precept of interpretivism (Flick, 2007). The table 4 shows the 
different interviews held in the companies with their managers.  

Since the case companies are geographically located in a different part from the 
researcher’s location, therefore the interviews are conducted by telephone and e-
mails (considering the difficulties in traveling to the company location). Based on 
our purpose of the research the people from responsible departments were 
participated in the interview process. The electronic interviews (Fujitsu & Mirai) 
were structured and sent through e-mails to different respondents. The structured 
interview had a prepared question list based on the research purpose and aim, it 
was sent to the interview participants to provide their answers, no limitations 
other than deadline had been provided to them. The collected responses from the 
electronic interviews were saved as documents for the analyses purpose. 
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The semi-structured telephone (GRA Inc.) interview with the project manager was 
conducted for one hour of time. The conducted interviews are recorded and 
stored for the analyses purpose in the research. Since there were very limited 
scientific papers available to study the relationship between electronic and artificial 
plant factories, the companies helped us by providing related documents such as 
articles, news releases, company presentations for large data interpretation. 

3.2.3.2 Document analyses 

Document analysis is an evaluation and systematic interpretation of sources 
(documents and texts) produced by contemporary organizations (Ventresca & 
Mohr, 2002). This method was chosen to analyse the documentation that was 
submitted by the case companies and also to obtain supplementary information 
regarding the topic. Document analysis can be ideal supplemented by other 
research methods such as a case study by helping to generate or improve further 
questions for interviews and questionnaire (Goldstein & Reiboldt, 2004). The 
sources for this research that we have interpreted were corporate documents such 
as company presentations and website links referred by the companies.   

Figure 14: Data collection techniques 

 

Table 4: Data collection technique in each company 

3.2.4 Data analysis 

The data collected from companies are qualitative data, gathered through the 
interviews, and corporate documents as a part of the case study. To analyse the 

Case 
company 

Interview Respondents (number of 
interviews) 

Documents 

Fujitsu Structured, 
Electronic 
Interview.  

Environment and facility Manager (1), 
Project Manager (1), 
Marketing Manager (1).  

Press release, Company 
presentation, product 
information (pdf.)  

Mirai Structured, 
Electronic 
Interview. 

International Marketing Manager (2). Company presentation 
(pdf.). 

GRA Inc. Semi-structured, 
Telephone 
interview. 

Project Manager, Japan & India (1).   Press release, company 
presentation (pdf.). 
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qualitative data, it is necessary to “make sense” of the collected data to interpret it 
(Williamson, 2012).  

The reviewed literature are analysed by each category based on the collected data. 
Initially the literatures are analysed to form a theoretical background to collect 
data from the case companies. The literature is analysed by segregating the data 
into separate categories of columns in a table, the data are selected by re-reading 
and making sense of the information. The methodology employed was an 
evidence based approach to clarify certain resource and strategy attributes from 
the literatures found (Tranfield et al., 2003). The focus of this review was to 
consolidate the different segments from various resource categories and strategies 
for implementing the resource based developments in a manufacturing 
organization. Therefore, this analysis was more descriptive in nature. 

The further analyses after the interview was followed by;  

 Transcribe the recorded audio. 
 Prepare transcript. 
 Rereading and familiarizing. 
 Manual coding. 
 Categorizing the findings into themes, according to the derived codings. 

The categories were organized conceptually based upon the theories collected. 
Later, then the grouped concepts are analysed to produce a tentative theory to 
satisfy the purpose of the thesis (Williamson, 2012). A sample of the coding 
process is stated in the appendix of this report.  

Combined Analysis 

 

Figure 15: Combined Analysis Process 

Combined analysis is the method used to analyse and derive the conclusion of this 
research. As represented in the Figure 15, the conclusion was made from the 
combined analysis of the conducted literature review and the case study data. The 
combined analysis passes through a number of steps before presenting the results.   
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The studied literatures and the case study were summarized and presented in 
accordance to the research purpose and the questions that framed above. Later, 
both the data are compared and analysed to identify similarities and differences, 
thus a theoretical framework is drawn with the empirical evidence and the 
theoretical background (see figure 15). 

 

3.3 Validity and reliability 

Triangulation is one among the several ways to improve the validity of the 
research (Williamson, 2002). The researchers applied data triangulation during the 
research in order to gain detailed information and increase the confidence in the 
results. In this research the data were collected from literature review and 
empirical study. The different qualitative data collection techniques such as 
interviews (phone and e-mail) and document analysis are the factors that support 
good validity and reliability of the research.  

Williamson (2002) defines validity in research as the ability of a measuring 
technique to measure what it is intended to measure, and further classified this 
into two categories: internal validity and external validity. The research involved 
source triangulation, which ensures internal validity. The method triangulation is 
applied in the case study by using interview study and document study. Also, the 
researcher does not have any prior relationship with the respondents, shows the 
trustworthiness of the collected data. External validity is referring to its ability of 
generalizing the results to another context. In this thesis the case study has been 
done in different contexts to gather data from different perspective of the two 
industries. The resources are categorized separately and combined into a single 
framework based on the acquired data from the sources. Although the empirical 
findings may not able to generalize in the larger sample, further research is needed 
to confirm its ability to generalize in different context. The combined analysis 
technique helped to improve the external validity of the thesis.  

Reliability is defined as the consistency of the results produced by the 
measurement techniques (Williamson, 2002). The reliability in this research is 
achieved by theoretical contribution and different data collection techniques. Since 
the interviews are done with the people from different country without any live 
interactions, the employees’ personal perspectives are not accurately interpreted. 
Therefore, by applying data triangulation through interviewing different 
respondents, which was completed and documented helped to increase the 
reliability of the collected data.   
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4 Findings and analysis 

 

4.1 Case study A: Fujitsu 

4.1.1 Introduction 

The basic motive of the company was to re-utilize their shutdown semiconductor 
manufacturing facility and their resources in a productive way. The earthquake 
disaster (2011) in Tohoku district was their huge motivational factor to build new 
artificial plant factories as a contribution to help the affected people. The 
innovative thought of building an indoor farming was expressed out when they 
closed down the semiconductor production fabs that had redundant clean rooms 
and high technology as their resources. This decision for radical business change 
in Fujitsu has been initiated in April, 2013 and their first mass production was 
started in December, 24, 2013. From the company’s perspective, this kind of 
change in business and as well as in production is termed as “Kakushin” in 
Japanese language, which means innovation in English. By re-utilizing their 
resources, and by developing and managing their plant’s optimal indoor 
environment, Fujitsu achieves very low-cost vegetable production.   

4.1.2 Advantages of Re-utilizing resources 

The advantage of re-utilizing the existing resources for producing vegetables is 
that they can farm vegetables at low cost in very high hygienic conditions. The 
lettuce, leaf vegetables produced in Fujitsu plant factories are extremely low in 
potassium content, and this is achieved through the hydroponics method of 
farming.  
 

The advantages of developing an artificial plant factory in an electronics industry 
are retained well-developed quality controls and production controls at industry 
standards. The difficulties faced by the company are the high cost of energy 
consumption, building management and legal systems.  

4.1.3 Human Knowledge 

Before initiating the transformation, Fujitsu had analysed the available knowledge 
and required knowledge to build a new artificial plant factory. The environment 
and facility, semiconductor production, ICT are the central core expertise of the 
industry were retained, in addition, new recruits from Kidney medical science, 
Agriculture basics, Biology, Vegetable and Food industry were added to their 
human knowledge. The knowledge of the medical science is highly engaged in the 
R&D to produce potassium free vegetables for the kidney patients. The few of 
lower level operators are retained from the semiconductor industry. The 
semiconductor production manager and other skilled employees are also working 
now in their artificial plant factories; it has been stated by the respondents that 
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“the semiconductor production knowledge is highly used in the plant factories”. 
The other new operators in the artificial plant factory were not provided with any 
special trainings, whereas they are trained by learning-by-doing technique.  To 
operate their plant factories, Fujitsu is leveraging their expertise from 
infrastructure supply in semiconductor plants and energy saving management. The 
human knowledge available in the Infrastructure management, Environment and 
facility management, and Information Technology were together integrated with 
the production and cultivation expertise to develop a new manufacturing system.  

4.1.4 Infrastructure 

The very notable infrastructure re-utilized by the company were their existing 
infrastructure supply and power-efficient semiconductor fabrication, foundry 
management to set up an artificial plant factory in the same facility. The managers 
said that “the plant factories have the ability to produce vegetables 100 times more 
than in the open fields by effectively utilizing the facility.” The cultivation is done 
on a multiple rack arranged in a vertical order, this technique will efficiently utilize 
the space inside the facility. The cultivation racks are installed with several 
operating systems, sensors, and mechanical systems. The know-how was an 
existing semiconductor fabrication strategy in the company to control and manage 
clean room environment and determine the atmospheric conditions for desired 
production activities. These desired parameters are monitored by the sensors and 
communicated to the data servers. The clean room management, which is known 
as the biggest advantage of both the industry has certain protocols to be followed 
while been working inside it. The clean room management methods are kept same 
for both the industries.      

4.1.5 Technology 

The ICT technology is utilized in plant factory to determine the active agents, 
liquid fertilizers and to maintain an optimal growing environment for plants. 
“Akisai” in the figure 16 below is an ICT (Information Communication 
Technology) platform to integrate production, sales, quality, and other 
management expertise using the sensor and smart devices. The arrows in the 
diagram represent the flow of information. This ICT is created by Aeon Agri 
create in cooperation with Fujitsu. ICT is an approach used for daily monitoring 
and operation control by farmers, the workers have tablets, smart devices to 
monitor, share and gather data about the environmental conditions, yield forecast, 
production forecast, and other farming-related operations while keeping track of 
the production cost. Fujitsu continues its data-driven operations controlled by a 
common cloud sharing platform.  

The company applies ICT to integrate different expertise and share farming 
knowledge to develop the people without farming experience, and this helps them 
produce good results. The integrated management is further also used to achieve 
stable production and procurement (see figure 16). As shown in the figure 16, the 
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head office, and the shipping company located away from the factory, where ICT 
plays a major role in sharing the data.  
  
 
 

 

 

Figure 16: Akisai, ICT cloud platform in Fujitsu (Source: Fujitsu, 2013) 

 

4.2 Case study B: GRA Inc. 

The company is currently pursuing their project to set up a high-tech farming 
facility for an IT company called NEC, India. As per their prior experience, it 
would take nearly six months to set up the facility and its infrastructure and 
another three months for software works.  

4.2.1 Human knowledge 

The expertises highly involved in the project were IT manager, agricultural 
production manager, infrastructure environmental control manager. The operator 
level employees were selected from the local areas, and this has been showcased as 
an opportunity to provide employment for the people from urban areas. The 
local trainee farmers were not provided any special training; instead they are 
encouraged to “learn by doing”. As per the knowledge is concerned with 
recruiting a new employee, the company is not very much interested in the 
background of low-level workers. Moreover, everyday quality inspection is done 
by checking the taste, colour and odour of the fruit and it is usually done by the 
trainee farmers. Since the company has a sound technology to maintain a 
controlled environment, most of the parameters of the plant growth are 
controlled from a distance. 
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4.2.2 Infrastructure 

The agricultural production plants are the closed environment plant factories, 
where pressure, temperature, CO2, humidity level, fertilizers are pre-determined 
according to the plant growth conditions, controlled by high technologies. GRA 
use fluorescent lamps as their light source and also said that they produce white 
light that could be treated as a natural light source while the other parameter 
(temperature, pressure, humidity, etc.,) will be controlled to regulate the plant 
growth. Since GRA Inc. is currently working on the strawberry productions, it 
cannot be cultivated in water rather it grows in soil. Therefore, the company’s 
design of cultivation racks does not contain close vertical arrangements, to 
maintain cleanliness. The water and pesticide supplying are done automatically by 
the GPS controlled devices, on the regular interval.  

4.2.3 Technology 

The ICT used by the company is named as “Hoogendoorn”, which was 
outsourced from a Dutch company. ICT is used to carry out environmental 
control processes; the sensors are the main components used to determine the 
condition in the plant factory. They also use GPS systems to move and identify 
the sensors and supply fertilizers in an appropriate point for cultivation. The 
overall plant maintenance activity involves cleaning and filtering the wastewater in 
regular intervals. The various departments in the company such as production, 
sales, quality, and other management expertise are integrated using the sensor and 
smart devices through ICT, for better production performance and precise 
procurement.  

4.3 Case Study C: Mirai 

Mirai Co., Ltd. is a high-tech farming company, who owns many artificial plant 
factories, provide consultant services for building new artificial plant factories, and 
also sells artificial plant factory equipment. The company is credited as a largest 
plant factory. 

4.3.1 Human Knowledge 

The company is led by a vegetable science graduate, who had also been working 
on several projects of high-tech farming and developed many new technologies 
for the agro business. The expertise in the company has structured into 
management control and production control divisions. The top level of the high-
tech farming production employed people from cultivation, technology, and 
production. The other people in the lower level were recruited irrespective of their 
skills or knowledge, other than analysing their ability to do the job in the factory. 
However, what is cultivated is not industrial goods and is "vegetable", and they 
have to see daily vegetable condition, adjust various parameters to achieve the 
most effective cultivation, in that sense, "cultivation know-how" is the most 
necessary thing for plant factory business.  
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The know-how is used as the key factor for their success; it is treated as trial and 
error process in the daily operations to improve them in the cultivation support. 
The ICT platform is developed by outsourcing and therefore the company does 
not have any required knowledge to maintain the resource, hence they are required 
to hire people in-case of failure or other services. The maintenance of the clean 
room and other production methods are achieved by following company’s 
protocol; for example (see figure 17), the employees are supposed to take showers 
before they enter the cultivation room, they are also provided with protective 
cloths to be worn while working in the plant factory.  

4.3.2 Infrastructure 

The factory is built with cultivation equipments, such as cultivation racks, 
florescent/LED lights, environmental control equipment, water circulating 
equipment, and so on. The production parameters such as CO2, light wavelength, 
temperature, fertilizer density are controlled artificially by means of sensors, 
monitors, and environmental control devices, so that the plants can grow in a 
desired environment.   The cultivation room is always maintained in a clean 
condition, especially to prevent insects. The company has collaborated with GE 
for lighting solution and Kajima Corporation for environmental simulation 
services. The lightings are designed as such for interplant lighting techniques, to 
provide concerned light colours and wavelength for the precise plant growth. As 
shown in the Figure 17, the cultivation process is done on multiple trays placed 
vertically; this method helps to utilize the space 100 percentages effectively. 

.  

Figure 17:  Plant factory system (source: Mirai Company Introduction document) 

4.3.3 Technology 

The plant factory has an automatic water circulating system along the multiple 
vertical racks to minimize the water waste. According to the company their 
automatic water circulating system enables cultivation with 1/100 times less water 
than the outdoor farming. The graph below (see figure 18) is specified to show the 
harvesting period of the lettuce vegetables in the artificial plant factory. The 
Seeding and harvesting graph is the technique used to calculate the procurement 
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and the dispatching timing in the production line. All the data recorded in the 
production are shared on the ICT platform and this in-turn initiates another 
action to keep the flow alive. The environmental control is achieved through a 
dedicated ICT platform, with the know-how approach to improve the status in 
the plant factory. Mirai also operates by connecting all their plant factories from 
different countries via ICT for knowledge development purposes.  

 

Figure 18: The time period for seeding and harvesting. (Source: Mirai introduction document) 

4.4 Analyses of Findings 

4.4.1 Knowledge management 

According to Fujitsu the innovative change process in production was achieved by 
resource re-utilization. In-order to manage the existing resources and technologies 
it was highly needed for them to retain the existing knowledge in the company. 
Looking at knowledge as the foremost and primary resource for this innovative 
production development, this knowledge is intended to specify the skilled human 
resources (Smith, 2001). The very high percentage of knowledge retained by the 
company is tacit knowledge (Skilled employees), which can be a competitive 
advantage for the company (Grant, 1991). Fujitsu used their same facility, 
infrastructure, and their semiconductor production managers in their change 
process. As said by Yamamoto (2013), the innovative change process is top to 
bottom approach, whereas the top management initiate the change, and the lower 
level employees will drive it.  

To develop an organization, a collective knowledge resource has to be managed to 
achieve a successful development in a firm (Probst, 1998). First, an effective 
movement from the semiconductor industry to artificial plant factory requires 
identification of the existing knowledge and the knowledge gap to bridge between 
the two industries, see figure 19. Then the missing knowledge must be gathered 
from outside the company, and the knowledge gap has to be filled with an 
efficient collaboration with the existing ones. The intersecting part in the figure 18 
represents the possible collaborations of the knowledge between the two 
industries to fill the knowledge gap. The expertise from both the (MIRAI & GRA) 
plant factories noticeably had a separate department for environmental control 
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and infrastructure management, which was comparable to the available knowledge 
in the semiconductor manufacturing. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Knowledge management approach 

 

The firm’s strategic focus is to measure the current capabilities of the retained 
resources and the suitable knowledge to identify the resource gap (Infrastructure 
& Technology) needed to be filled (Grant, 1991).  Later the decision would be 
taken on whether the missing resources should be acquired from outside and/or 
should be developed inside, for building the capabilities. It is important to make 
sure that the knowledge base lies stronger enough to manage the uncertainties 
throughout the change process (Yamamoto, 2013; Probst, 1998). The available 
expertise in both the industries are mentioned in the Table 5. The table is divided 
into semiconductor manufacturing and artificial plant factories, each column 
represents the function and the application of each expertise resources.  It has 
been noted that each expertise has a similar application but a different 
responsibility in each industry.  
 

Table 5: Few expertise available in both the industries for comparison 

Expertise 

 

Semiconductor Manufacturing Artificial Plant 

Factory 
Automation Factory Automation Precision farming 

Material 

management 

Inventory Management Pest, Fertilizers, Crops 

Management 

Production 

management 

Semiconductor production Food production 

Health Science To protect from toxic gasses To develop food and 

vegetables 

Infrastructure 

management 

Plant design, semiconductor 

production planning 

Plant design, Agriculture 

planning 

Clean room 

management 

To ensure clean conditions in 

semiconductor production 

To ensure hygienic 

conditions for farming 

 

IT knowledge Expertise to maintain ICT  Expertise to maintain ICT  
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According to Probst (1998), the knowledge-seeking activities in the firm can be 
improved by increasing the internal and external transparency, informed decisions, 
and the human to human interactions. As stated in the Figure 20, the new 
knowledge to develop the company’s capability have to be acquired from outside 
the walls of the organization, it is not possible to have all the necessary know-how 
inside the company. 

 
 

 

 

 

 

Figure 20: Knowledge management and development 
 

According to three companies, all the information are shared and maintained in a 
common network sharing platform. This platform is used as a tool for knowledge 
distribution and to acquire the necessary know-how within the internal networks 
(Probst, 1998).  
 
The knowledge collaboration in the figure 20 is a combined action of knowledge 
development and knowledge distribution. “Knowledge development phase 
consists of all the management activities. The activities are intended to produce 
new internal or external knowledge on both the individual and the collective level” 
(Probst, 1998, P. 24). Since this phase comes next to knowledge acquisition, the 
company can build a pool of knowledge from internal and external sources. In 
knowledge distribution, ICT plays a crucial role to make the required information 
available to the company (Probst, 1998). The know-how is the strategy used in 
both the industries to convert tacit knowledge into explicit knowledge.  The 
common network sharing platform serves the efficient knowledge collaboration 
within the organization. 

4.4.2 Infrastructure Management 

According to the Kaikaku theory by Yamamoto (2013), the infrastructure 
resources are the fundamental change in the process, time-consuming, need the 
active employee involvement and continuous participation. Fujitsu said that the 
whole change to set up the new infrastructure took minimum six months of time. 
Any fundamental changes in the organization cannot be achieved successfully 
without a suitable knowledge pool (Probst, 1998). Therefore the knowledge is 
considered as the backbone to manage the infrastructural changes in the process, 
see figure 22.  
 
Comparing this information with the Kaikaku’s four types of change model, the 
type I and type III stands equivalent to this radical change. The new infrastructure 
is aimed to build a production system for producing vegetables with the existing 
resources, but the available resource pool in the semiconductor manufacturing 

Knowledge 

Identification 
Knowledge 

Acquisition  

Knowledge 

collaboration 
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does not provide all the necessary capabilities required for a plant factory (Fujitsu, 
Mirai, GRA). As per the collected data from the literature and case study, there are 
differences in the “way of doing” between two industries. The artificial plant 
factories have multiple of vertical trays for cultivation, which is not in the case of 
semiconductor manufacturing. For example, the table 6 presented below shows 
the application of the infrastructures in the two industries. 
 

Grant (1991) has said that resource based strategy is done when the internal 
resources and the knowledge match the opportunities generated externally. Based 
on the five stage process for resource based strategy formulation (see figure 4), the 
first step advised to begin with an analysis of the firm’s resource base and then 
identify their capabilities to form a strategy. From the analyses in the previous 
section the available capabilities, the maximum potential of the firm to satisfy the 
new production process will be understood. The new infrastructural resource 
accumulation and integrating it with the existing infrastructural resources was 
discussed by Yamamoto (2013) in Kaikaku, and also it is a resource based strategy 
(Grant, 1991; Wernerfelt, 1984) to sustain the competitive advantage of the 
company.  

Table 6: Infrastructural areas in two different industries 

 

 
Fujitsu said that re-utilizing the clean rooms, ICT, control devices, light sources, 
and inventories in a different way of doing business was their challenging part. 
However, resources have to be combined with the cultivation equipment such as 
water circulation system, vertical farming equipment, GPS, upgraded ICT, and 
R&D facility with the new expertise in the company. 
 

 

 

 

 
Figure 21: Resource management and development 

Infrastructure Semiconductor 

Manufacturing 

Artificial Plant Factory 

Equipment Highly automated machines 

with high technology. 

 

Air Conditions, Humidity 

controller, temperature 

controller, sensors. 

Multiple vertical trays for 

indoor farming equipped with 

high technology. 

Air Conditions, Humidity 

controller, temperature 

controller, sensors. 

Clean rooms To ensure the dust-free 

production area and toxic 

control. 

To maintain a hygienic 

environment. 

Clean garments Protection for human against 

toxic chemicals. 

Keeping the plants away from 

infections. 

Light source Lights for silicon 

manufacturing. 

Lights for photosynthesis. 

Resource Analyses 

Identify Potential 

resources and the 

gap  

Fill the resource gap 

(Retain, Acquire, 

and Upgrade) 
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           Feedback                                                         Feedback 

 

 

 

 

 

 

 

 

 

Figure 22: Iterative resource analysis in a holistic view. 
 

Figure 21 and 22 shows the analysis of how the infrastructure resources are 
identified and upgraded. The figure 21 represents the analysis part of the 
infrastructure resources in three different phases. Whereas, the Figure 22 
represents the knowledge base created by knowledge collaboration (see figure 19) 
that was analyzed in the previous section. The knowledge collaboration phase is 
the decision making period about the necessary upgrades in the infrastructure 
resources. Therefore the three blocks in the figure 21 have an iterative feedback 
loop to the knowledge collaboration block (see figure 22) as a key factor to 
distribute the knowledge. 

4.4.3 Production Technology 

Fujitsu has not invented any new technology for their innovative change process, 
but re-utilized their existing resources and imported high-tech solutions from 
Artificial Plant Factory field (see table 7). Considering the data collected from 
GRA Inc. regarding the complete construction of the production system, the 
setting up of technology was done in the last two months after the infrastructural 
changes were done. Considering these facts we can compare that their radical 
change process in production technology can not be linked explicitly to any 
of  four Kaikaku types, but it has common attributes with type II, since locally 
available solutions were innovatively applied for producing an extremely different 
product. 

A significant technology shared between both semiconductor manufacturing and 
the artificial light plant factory is their Information Communication 
Technology  (ICT) system which involves sensors and controllers in order to 
control and monitor the whole system, see figure 10. ICT provides a visible 
production system. Air conditions such as temperature, humidity and dust level 
are the cardinal factors that must be measured and controlled by automatic system 
to achieve a controlled production process, either in semiconductor 
manufacturing or plant factory.  
 

 

Knowledge Collaboration 

Resource Analyses 

Identify Potential 

resources and the 

gap  

Fill the resource gap 

(Retain, Acquire, 

and Upgrade) 
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Table 7: technologies and its function in both industries 

 

The know-how is the production strategy used in the semiconductor 
manufacturing with the aid of ICT, which is re-utilized in the artificial plant 
factory. ICT can facilitate to feedback information in knowledge distribution to 
the required department (Convert tacit knowledge into explicit), such as 
production planning, material flow control, inventory replenishment, human 
resource management are up-to-date and be in the manufacturer’s control.  As 
GRA Inc. said that their firm was active in research for “Integrated Pest 
Management”, which is also a production technology utilized in the farming 
industries to reduce pest populations in the plants.  

4.4.4 Resource re-utilization strategy Framework 

Comparing all three aspects of resource re-utilization into one framework, the 
knowledge stands as an initiator to manage the other two aspects in the process. 
Also, as mentioned in the analysis the production technology is the final aspect 
involved in the development process. Considering all the information and analyses 
done above, the three management models are placed in the high-level Kaikaku 
framework and a new framework is designed with a holistic view (see figure 23). 
 

Production 

Technology 

Semiconductor 

Manufacturing 

Artificial Plant 

Factory 
ICT Know-how, control 

production parameters. 

(Convert tacit knowledge 

into explicit knowledge) 

 

Know-how, Control 

production Parameters. 

(Convert tacit knowledge 

into explicit knowledge) 

Environmental control To maintain clean room 

condition. 

Prevent humans from toxic 

gases. 

Prevent contamination in 

the chemical Process. 

To maintain optimal 

growing environment. 

Maintain hygienic 

cultivation rooms. 

Parameters Vary according 

to the type of vegetable. 

Lightning solution UV lamps for sterilization LED lights, fluorescent 

lamps as a light source and 

other white light which 

could be treated as a 

natural light source. 
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Figure 23: Framework of resource re-utilization strategy for radical changes in production 
systems (Inspired by Yamamoto (2013), Grant (1991), Probst (1998), Carr (1991)). 

 

4.4.4.1 Preparation 

The preparation phase is the initial step in the transformation process into a new 
business, which ultimately give no scope to existing mission and vision of the 
company. Therefore, new vision and mission statement has to be derived. The 
next process is followed by the knowledge management process, which was 
extensively discussed in the previous sections. As mentioned in the literature the 
knowledge in the organization are their pillars for future development, so the 
created knowledge pool has to satisfy the  required capability for building a new 
artificial plant factory and this will be considered as the backbone for further 
phases in the process. 

4.4.4.2 Redesign 

As the term defines, this phase in the transformation process involves all activities 
to redesign the facility and the infrastructure resources available in the firm. The 
based knowledge in the previous phase plays the controlling role to measure and 
identify the available and required capability of the infrastructure resources in the 
company. This analysed resource capability would be satisfied by introducing new 
equipment and integrating it with the existing ones.  

4.4.4.3 Implementation phase 

From the findings and analyses it was found that implementing ICT in the 
company is the final procedure to integrate various departments inside the 
organization. The integration between various divisions has to be done in such a 
way to provide a network for knowledge distribution. It is necessary to make sure 
that linked networks are in accordance with the know-how strategy formulation. 
The continuous improvement in the production is done by frequent evaluation of 
available know-how in the company.  
 
The above-mentioned framework is an inspiration of scientific frameworks 
provided in the literatures. Furthermore, the analysed research questions are 
discussed in the next chapter.  
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5 Discussion and conclusions 

5.1 Implications 

The framework presented in this paper supports companies to implement such an 
innovative change from the semiconductor industry to artificial plant factory. The 
researchers have chosen multiple case studies for data collection.  This research is 
about two different industries; it was a prerequisite for studying both the 
industries individually to understand better the different operations and the 
resources utilized by those industries. Since, the scientific papers about the 
practical implementation of innovative change are limited, multiple case study 
with three concerned companies seemed logical direction for data collection from 
its original context. 
 

5.2 Discussion of method 

The topic focused on this thesis found to be new in the field of production 
development, which is also a reason for the less number of literature found to 
showcase the transformation process. The less availability of the literature 
demanded to conduct a multiple case study, involving the data triangulation and 
make sure the theory built will support the researches in the future. The literature 
selected in the theoretical framework went through few process before analysing 
them in the report. The three research questions in the thesis required theoretical 
data on how the three different resources could be re-utilized in the 
manufacturing system. Since there was a lack of literature about the resource re-
utilization or the transformation process, it had some challenges in choosing the 
appropriate keywords and filtering the literature in the literature search further. 
The list of keyword in the table 3, were selected by descriptive analysis done 
during the problem investigation. Certain strategies and theories from the 
literatures were given priorities by analysing which could be evenly compared to 
the phenomenon in the research. Since, this kind of industrial transformation has 
already taken place in few semiconductor manufacturing companies in Japan, we 
could able to understand the research gap and what has to be derived as a result. 
The aim and the research questions provided the context for building resource re-
utilization framework. Therefore, the theoretical framework in the chapter 2 has 
done in-order to provide a context to analyse the empirical data regarding the 
resources and strategies in the resource re-utilization process.  

The multiple case study consisted of three companies. The case sample involved 
both artificial plant factories and semiconductor industry. The one big drawback 
in the research which we felt was the distance and the time differences between 
the company’s and the researcher’s location.  The investigation was done before 
inviting the companies, which has helped us to understand the availability of plant 
factories in different countries, though Japanese technology stands high in the 
market. Also, the transformation from semiconductor manufacturing to artificial 
plant factories is a new innovative method implemented only in Japan in near 
recent time.  
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Due to distance and less awareness about the Japanese company’s policy of 
cooperating in an academic research, the response rate was unpredictable. So, we 
created two lists of companies to send the invitation for interviews. One list 
contains only the companies who went through the change in the past, and the 
other list contains artificial plant factories, consultants for the plant factories, and 
other high-tech companies. The companies who had implemented the change are 
the global leaders in electronics market, such as Sony, Toshiba, Mitsubishi, Fujitsu, 
and Panasonic. The companies are invited by sending e-mails and telephone calls. 
Both ways of inviting had an equal response rate, though it had some difficulties 
while conversing in telephone due to language barrier.  

The empirical data were collected by interviewing via telephone calls, e-mails, and 
document study. The interview method for each company was based on their 
request of convenience, because of certain difficulties such as distance, time, and 
language. The managers in the company were not good in the English language, 
therefore it was quite difficult for both the parties in the interview to interpret the 
right information from each other. It was also felt not easy to make a follow up 
more than once after the interviews, because the response rate after the interview 
was less. Considering the quality of the data collected, we felt that the interviews 
were done from a distance and it was difficult to understand their emotional 
values towards the transformation in the company. If the future researches are 
done by face-to-face interviews and live investigation, it could improve the quality 
of data collected in the research. The gathered data from e-mails and telephone 
calls separately documented in a text format and saved.  

Although this research was not aiming to study the complete transformation 
process, the findings can show the possibilities for high-tech companies with 
similar resources to change their business settings.  

 

5.3  Discussion of findings 

 
The transition from one industry to another industry had been a trend for many 
companies to sustain in the competitive world, which was evident from the 
history of Nokia and Husqvarna. By considering those changes the transition 
studied in this research had re-utilized their resources between the industries. The 
very interesting aspect of the phenomenon was their three major resources which 
have shown a high commonality in both the industries. Imagining to produce 
extremely different products (Semiconductors/Vegetables) in the same facility by 
the same production engineers is notably innovative re-utilization of the resources. 
In the research it was studied that the available resources cannot be sufficient to 
complete the transition successfully.  
 
The aim of this research is to explore the resource capabilities in the re-utilization 
strategy during the transformation of the semiconductor manufacturing 
environment into artificial plant factories. To fulfill the research objective three 
research questions were defined. In order to answer the research questions, the 
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two different industries had to be explored and analysed their resources. First of 
all, a literature review was conducted to understand the phenomenon of resource 
utilization in a corporate aspect, also to collect valid information regarding 
knowledge management and radical improvements. Case A (Fujitsu) was the 
center of the multiple case studies because this company has already conducted 
transformation from semiconductor production to the artificial plant factory. The 
knowledge of artificial plant factories’ resources and processes were supported by 
two other companies, (Mirai Group and GRA Inc.) in case B and C.  
 
RQ1: How can the human knowledge in semiconductor manufacturing be re-utilized to establish 
an artificial plant factory? 
 

The knowledge is the basic requirement in the industry to start running, and this is 
considered as a highly valued resource. The human knowledge as one of the main 
resources in the mentioned two industries were identified and compared with each 
other. Though the semiconductor manufacturing has an enough knowledge of 
technical and production background, they experience an imbalance to provide 
knowledge in farming industry. The production process also carried based on the 
data sharing and referring it. This shows that the lower level workers do not need 
certain knowledge in farming because the crop’s growth are measured and 
analysed by the pre-defined data available readily. The managers during the 
interview also mentioned that they retained most of their labours from 
semiconductor manufacturing and also the knowledge in semiconductor 
production is highly useful in plant factories. The table 5 represents the similar 
expertise in both the industries and how their applications differ based on the 
industry. It was visible in the analysis part that there were several common 
expertise in both industries, but a knowledge gap was also identified, because of 
not all the know-how was identified inside the company (Probst, 1998). In order 
to fulfill this gap, a new knowledge management strategy is needed. The 
knowledge based changes are done in the initial phase of transformation, which 
because a change in an organization is also a change in the mind-set of the 
company. Therefore, the framework suggests that human knowledge related 
activities (Planning, decision making and designing) must be placed in the early 
stage of the change process (in this case preparation phase). During the 
preparation phase the knowledge identification, knowledge acquisition and 
collaboration are suggested by the authors. The knowledge collaboration is set to 
satisfy the required know-how with the retained and acquired knowledge to build 
an artificial plant factory. As Yamamoto (2013) stated, radical improvements 
initiated by top management, therefore a new mission and vision must be 
supported by the redesigned knowledge management strategy in the earliest stage. 
 
RQ2: How can the existing infrastructure for semiconductor manufacturing be re-utilized to 
establish an artificial plant factory? 
 

The infrastructural resources are the one which visibly showcase the 
transformation process to the real world. Considering the high-tech equipment in 
both the industries, the huge number of the equipment are dedicated to 
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environmental controls. Infrastructure management in the change process 
undergoes different steps before it satisfies the requirement for implantation 
phase.  Before making a decision whether to retain a resource or to dismiss it from 
the company it requires a strong combined knowledge background to identify the 
re-utilization ability of those resources. As in the figure 22, the infrastructure 
management part in the re-utilization process is divided into three segments and 
each segment is decided by the collaborative knowledge formed in preparation 
phase. Though there are similar infrastructure setups were found between the 
industries, they are used for different purposes and responsibilities. Therefore, this 
available resources would be analysed by the new knowledge pool, which will have 
both expertise from agriculture and semiconductor. Since, the infrastructure 
development is a second phase of the process, it is dependent on the knowledge 
formed in the organization. Furthermore the resource gap found in the 
infrastructure part is satisfied by acquiring externally or develop internally. Though 
there are similar resources in both the industries, the minor changes in their 
structure and functions can bring a big change in the production system 
(Yamamoto, 2013).  
 

RQ3: How can the production technologies in semiconductor manufacturing be re-utilized to 
establish an artificial plant factory? 
 

The technology part of the research is mostly related to the ICT system applied by 
both industries. Semiconductor manufacturing basically owns an ICT platform to 
share data for automation and environment control. Considering their purpose in 
the semiconductor manufacturing, it can also be used to share data for crop’s 
growth control, and to manage the environment. ICT has the responsibility to 
connect the infrastructure resources with the knowledge, in-return knowledge 
controls the infrastructure via ICT. Therefore, ICT platform distributes the know-
how, control the infrastructures, and ensure the knowledge improvements. The 
whole transformation process comes to an end by implementing ICT inside the 
plant by connecting various departments within and outside the industry. 
Implementing ICT is much belongs to the IT (information technology) people, 
whereas the companies have outsourced their ICT product. During the re-
utilization process the minor changes in the software programs can be made by 
the developers, according to the need of the plant factory. From this point of 
view, for researchers, it seems logical that ICT implementation must connect the 
knowledge and infrastructural issues together. Finally, this implementation stage 
forward the company to ramp-up their production process successfully.  
 
The resource re-utilization framework presented in the Chapter 4 is a holistic view 
of transformation process involving the three resources as mentioned above. The 
purpose of the research is satisfied by conducting qualitative research method and 
studied the empirical phenomenon of re-utilization process. Since the authors 
conducted the research from a distance, there was no opportunity for collecting 
observational data in the research.  
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5.4 Conclusion 

The data gathered from the literature review and the empirical case study address 
the three research questions in this thesis. The findings from the theoretical 
background are to gather knowledge about the operations and the resource 
capabilities in the semiconductor and plant factories, then different frameworks in 
each category were studied.  Therefore, each of the three research questions was 
individually focused on the analysis part to make a clear understanding and 
provide a theoretical reasoning for the analyses. The Chapter 4 has come up with 
a resource re-utilization framework as a result of analysing the three research 
questions, by comparing the theoretical background and the empirical data. 
According to the framework in Chapter 4 (Figure 23), the three different resource 
categories are placed in each phase of the process. Then the production system 
could be re-designed by rearranging/acquiring new resources, but then, still the 
knowledge plays a key role in redesigning production infrastructure and 
technology. The implementation stage is achieved by introducing the production 
technology in the re-structured production system.  

By proceeding down the research, the resource based strategies were presented for 
the firms that could be generalized based on the context of the purpose. However, 
there were no specific theories found about re-utilizing the resources from a 
closed down production, to develop a new production system. This thesis sheds 
light on the resource re-utilization process by presenting a framework based on 
innovative change process from a resource re-utilization perspective. This 
scientific contribution is done by reviewing the existing theories and combining 
this information with the case studied, the final framework presented was an 
inspiration and a contribution of the existing theories. The re-utilization process in 
the resource management perspective seems to be very limited in the previous 
study, so the authors believe that this research can be an added contribution and 
guiding reference to the resource re-utilization study for future researchers and 
students. 

From the manager’s perspective, the authors would start to mention why this 
resource re-utilization process was considered as an innovative change process. As 
mentioned in the RBV literature about resource characteristics such as rare, 
valuable, inimitable, and involves cost. In that sense, when the resources are a 
firm’s strength to stay competitive, the same combination of resources and their 
production methods are innovatively re-utilized to build a new industry in the 
same facility. The primarily considered challenge would be identifying and 
coordinating the different knowledge in one place during the change 
process. Transforming the industry is almost similar to transforming the 
individual’s mind-set within the company. The production managers from 
semiconductor manufacturing are now working in the artificial plant factory, due 
to the preserved know-how within the firm. 

The future research can be done by analysing the presented framework in a 
practical environment. Furthermore, this thesis can be used for future research 
development in the change process between these industries from each resource 
perspective (knowledge/infrastructure/production technology). 
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5.5 Further research 

Companies from other high-tech industry were not included in this study. 
Therefore the researchers believe that the presented framework is not applicable 
for companies other than semiconductor industries. Although the process of 
Kaikaku is more general, and its categorization covers different industries and 
useful in organizational, cultural change as well, this research considered only the 
chosen production related resources in a particular industry. Furthermore, the 
presented framework can be used as a strategy formulation guide for resource 
based planning in different cases.  A comprehensive overview of the other high-
tech industries’ resources would extend the applicability of the framework. Since, 
the agricultural opportunities are limited in the Northern countries; it would be 
interesting to study the possibility of change to artificial plant factories of 
Scandinavian high-tech companies. 
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7 Appendices 

7.1 Appendix 1: Coding for analyses (sample) 

Themes Coding Context 
Knowledge Expertise 

Tacit 

Explicit 

Know-how 

Know-what 

Knowledge acquisition 

Integration management 

Agriculture 

Cultivation 

Semiconductor 

Infrastructure 

management 

Environment management 

Inclusion 

 Diversity in 

knowledge inclusion. 

 Different 

combination of 

knowledge. 

 Converting tacit into 

explicit. 

 Plant factories. 

 Semiconductor 

manufacturing. 

 

Infrastructure Cultivation system 

Equipment 

Capacity 

Devices 

Sensors 

Facility 

Materials 

Pest management 

Human resources 

 Cultivation system. 

 Pollution control 

system. 

 Environment control 

system. 

 Materials control. 

Production Technology Cloud network 

ICT 

Sensors 

Know-how 

Interactive system 

Explicit 

Strategy 

Iteration  

 ICT management. 

 Feedback acquired 

know-how. 

 Continuous 

improvement. 

 


