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SUMMARY 

While competition gradually shifts from individual firms to supply chains, research 

on Supply Chain Management (SCM) starts to gain mounting attention. Value 

creation is the objective as well as an important performance evaluation criterion of 

SCM. New theories are in demand to guide advanced SCM strategies and to quantify 

the value created by these new measures, especially in this new era of technology. 

The information explosion brings new challenges and opportunities in SCM. The 

organizations which can leverage on the state-of-the-art information technology to 

improve SCM and therefore maximize the value creation would gain a competitive 

edge in today’s fierce global competition. As 90% of world trade is shipped by sea, 

maritime logistics plays an indispensable role in global supply chains. This study 

dedicates to maximize the value created by SCM. It investigates a pressing 

optimization problem in maritime logistics from the value-based perspective and 

applies this value-based optimization approach to quantify the value created by 

information sharing in SCM. 

The research starts with a review of the previous work on supply chain value creation 

(SCVC) and proposes a theoretical framework to guide future theory-driven research. 

The review work makes a solid contribution to the theory building in SCM and serves 

as a powerful tool for practitioners to formulate or strengthen their SCM strategies. 

Guided by the framework, value-based management (VBM) is found to be a theory 

with great potential to guide the operations research (OR) work in the SCVC field. 

The review also suggests information sharing to be a promising strategy to boost 

SCVC. Therefore, this study continues to investigate supply chain optimization from 

the VBM perspective and apply the enhanced VBM theory to exploring information 

sharing in the digital revolution. 

This study includes two parts. In the first part, two mathematical models are built 

based on the value creation logic from the VBM perspective. The decision models 

facilitate to solve supply chain planning problems in seaborne cold chains, a niche 

area in SCM which encompasses numerous noteworthy research opportunities. The 

value-based optimization model is proved to outperform the conventional 

optimization method, especially on the financial aspect. In the second part, a fuzzy 
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Delphi-AHP-TOPSIS framework is proposed to guide the empirical research on the 

barriers to the adoption of new information technology. Furthermore, VBM and 

System Dynamics (SD) are employed to quantify the value generated by different 

information sharing strategies in a three-echelon supply chain from the VBM 

perspective. 

With versatile research methods applying to a specialized research domain, this study 

not only contributes to the academic community but also provides practical tools and 

implications for both industry practitioners and policy makers. From the academic 

perspective, this study facilitates theory building by proposing a conceptual 

framework which summarizes previous work and guides future theory-driven 

research in SCVC. This study also promotes the application of value-based OR tools 

in SCM which diversifies the inventory of research methodologies. Moreover, this 

work provides a peculiar perspective to quantify the impact of information sharing 

by combining VBM and SD. Supply chain practitioners could also benefit from the 

useful decision tools and the insightful practical implications. 
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CHAPTER 1 INTRODUCTION 

Supply chain management is considered as one of the most important operations 

strategies for gaining organizational competitiveness in the 21st century. As the 

objective and an important evaluation criterion of SCM, value creation provides a 

comprehensive perspective on SCM issues. This research aims to enhance theory 

building in SCM and develop quantitative tools to maximize value creation by 

optimizing SCM. This research also studies one of the most important value creation 

initiatives — information sharing by investigating the current status of information 

utilization and the value generated by various information sharing strategies. This 

chapter outlines the background, objective, scope and significance of this research, 

and the thesis organization. 
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1.1 Background  

With markedly increased global connectivity, quality proliferation, complementary 

competencies, more and more transactions are shifted from firms to supply chains 

(Riikka, 2009, Williamson, 2008). SCM is considered as one of the most important 

operations strategies for gaining organizational competitiveness in the 21st century 

(Gunasekaran and Ngai, 2004). SCM has attracted mounting attention, and research 

in related areas piled up in recent decades. Both scholars and industry practitioners 

desire to learn how to achieve competitive advantages by adopting superior SCM 

strategies. Competitive advantage is defined as the leverage a firm achieved by 

implementing an exclusive value-creating strategy (Barney, 1991). Therefore, value 

creation is the objective as well as an important evaluation criterion of SCM. 

The continuously growing number of literatures in value creation in SCM 

demonstrates the importance of this research topic. Current studies have covered 

various aspects of value creation – what value is created, how the value is created and 

what the value creation initiatives there are, and a wide range of disciplines in SCM 

— from network planning, inventory control, supply contracts, supply chain 

integration and strategic partnering, outsourcing and procurement strategies, service, 

information technology and decision-support systems, to general SCM. Although 

different values have been discussed in the literature, the value creation investigated 

in this study refers to shareholder value generation. While abundant studies have been 

conducted to address value creation as the primary objective of SCM as well as an 

efficient evaluation criterion of supply chain performance, a variety of theories have 

been adopted to investigate this area. A rigorous review of the theory building in 

supply chain value creation (SCVC) is in demand to summarize the previous work 

and to guide the future research. 

Enlightened by the insights gained from our rigorous theoretical review of SCVC 

studies, VBM is identified as an advanced yet not fully investigated tool to study 

value creation in SCM. VBM can be viewed as a method that integrates value creation 

with objectives on the strategical level, performance measurements and cause-and-

effect-chains compensation (Chenhall, 2005). VBM’s integration of different aspects 

makes it an ideal choice to study optimization problems in SCM and provides a 
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unique perspective. Moreover, VBM supports conflicting performance metrics and 

provides insight into interdependencies and cause-and-effect relationships among the 

metrics (Cai et al., 2009). Due to its exceptional advantages, increasing attention has 

been drawn to VBM decision models in SCM. Hahn and Kuhn (2011) applied VBM 

decision model in mid-term sales and operations planning and later integrate financial 

planning (Hahn and Kuhn, 2012a) and risk management (Hahn and Kuhn, 2012b) 

into their model. 

While VBM is believed to have great potential in theory building, the systematic 

review also suggested information sharing to be one of the most promising value 

creation initiative. Information is always a key factor in supply chain management. 

As one of the three major flows, information flow provides the basis for coordinating 

the material flow and the cash flow. In this new era of big data, the way to get and 

process information, as well as the variety of available information, have evolved 

dramatically. The method and technology involved to exchange these newly acquired 

mass information are also under the revolution. The innovated information sharing 

method and strategy in this digital era has the potential to be a significant value driver 

in SCM today. 

This research, therefore, is divided into two parts. The first part focuses on VBM as 

a tool to guide OR studies in SCM, investigates its merits in maritime logistics and 

thoroughly solves a pressing problem in seaborne cold chains. The second part 

examines information sharing, the important value initiative for SCVC. The 

examination starts with an empirical study in the maritime supply chain followed by 

applying VBM tools to quantifying the impact of different information sharing 

strategies in an E-Commerce supply chain. This thesis will contribute to both theory 

building and practical solutions in maritime logistics and SCM. 

1.2 Research Objectives 

The objectives of this research are synopsized as follows: 

1) To develop a conceptual framework of theoretical lenses in SCVC studies, 

aiming to summarize previous studies and guide future research in theoretical 

tools investigation. 
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2) To test the performance of the VBM tool in optimization, using a mode choice 

problem case in seaborne cold chains. 

3) To employ the VBM optimization to further study the mode choice problem 

in seaborne cold chains by optimizing the fleet speed and minimizing 

environmental impact. 

4) To propose a framework to identify the hurdles for big data analytics — one 

of the most important measures to obtain information nowadays — to be 

adopted by organizations, taking maritime organizations as a case study. 

5) To apply the VBM tool and SD approach to investigate value generated by 

different information sharing strategies in SCM. 

1.3 Research Scope 

The literature review part of this research includes a systematic theoretical literature 

review of SCVC studies, literature in seaborne cold chain and information sharing in 

SCM. The systematic review insights lead to the two main themes of this study — 

value-based optimization and information sharing. Value-based optimization is to 

make the best use of resource aiming to maximize value creation while fulfilling 

requirements on the strategical level, performance measurements and cause-and-

effect-chains compensation. The rest parts of the literature review examine the 

previous studies regarding these two topics and explain the reason that value-based 

optimization is studied in the context of seaborne cold chain. 

Seaborne cold chain, a niche area in supply chain management, is selected to test the 

feasibility of VBM in developing OR models in SCM for two reasons. First, the mode 

choice in reefer shipping is a pressing and growing concern, therefore, the findings 

of the study can contribute to solving a real-world problem. Second, the operation in 

cold chain involves more complications and is more sensitive to the changes (e.g. 

speed), which makes it a representative case to compare different optimization 

methods. Two studies are conducted to maximize Economic Value Added (EVA) — 

a value-based performance indicator in VBM — by optimizing seaborne cold chain 

operations. A value driver tree is proposed to drill down the first layer indicators into 

separate decision variables at the operational level in seaborne cold chain 
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management. Two decision models are developed based on this value driver tree. One 

is to optimize the transportation mode choice between refrigerated bulk and container 

and compares the value-based optimization method with the traditional optimization 

method to show the superior of the VBM tool. The second model further investigates 

the cold chain problem by optimizing the sailing speed of the bulk fleet. Both models 

are Mixed Integer Linear Programming (MILP) model. Numerical examples are 

presented to illustrate the models. Corresponding sensitivity and scenario analysis are 

conducted to unveil practical implications. 

After the effectiveness of the VBM tool in supply chain optimization is proved, the 

second part of this study turns to investigate information sharing in SCM. To identify 

the challenges is always a good step to have a thorough understanding of a problem. 

A fuzzy Delphi-AHP-TOPSIS framework is proposed to understand the hurdles for 

organizations to adopt the most advanced measures to gather information in this new 

era of technology. A case study is conducted by applying the proposed framework to 

identify the barriers for big data analytics to be adopted in maritime organizations. 

The findings are in accordance with studies in relevant industries and lead us to the 

last part of this study — quantifying the value of information sharing in SCM. The 

last part of this research not only integrates the two topics of this thesis, namely, VBM 

and information sharing, but also generalize the research context from the seaborn 

cold chain, maritime supply chain to general supply chain. The last study employs 

the VBM tool and builds an SD model of a three-echelon supply chain to quantify 

the value generated by different information sharing strategies. The results reveal the 

significance of information sharing in SCVC and more importantly provide tangible 

evidence for managers and stakeholders to understand the intrinsic value of 

information technology in SCVC. 

1.4 Research Significance 

The research facilitates theory building in SCVC in three ways. First, the proposed 

conceptual framework summarizes previous work on value creation in SCM and 

serves to guide future theory-driven research. Secondly, developing VBM decision 

models for seaborne cold chain management addresses the lack of OR tools in this 

domain and diversifies the inventory of research methodologies. Finally, the 
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combination of VBM and SD approaches provides a peculiar perspective to quantify 

the value created by information sharing. 

This study benefits supply chain practitioners by providing useful decision tools as 

well as insightful practical implications. The conceptual framework and the value 

drive tree can guide the managers to formulate or strengthen their SCVC strategies. 

The decision models serve as planning tools for practitioners in seaborne cold chain 

to choose the appropriate transportation mode and decide the optimized sailing speed. 

The insights on the general mode choice strategy and how optimized speed varies 

according to oil price and product characteristics are also counterintuitive. The 

decision models proposed could also be extended and applied to similar problems in 

other types of supply chains. 

In the era of technology evolution, the fuzzy Delphi-AHP-TOPSIS framework serves 

as an advantageous tool to identify the obstacles between the technical promise and 

genuine achievement of organizations. The implications drawn from the case study 

provide profound insights for both the managers of maritime organizations and the 

policy makers. Moreover, a variety of recommendations are presented for maritime 

organizations to overcome the barriers and fully realize the potential of big data 

analytics. The last study is the first attempt to quantify the value creation by 

information sharing from the VBM perspective. The results are persuasive for the 

sceptical stakeholders to seriously consider leveraging state-of-the-art technologies 

to improve the supply chain performance. 

1.5 Organization of the thesis 

The thesis is organized as follows. 

Chapter 1 outlines the skeleton of this research by introducing the background, 

objectives, scope, significance of this research and the structure of the thesis. 

Chapter 2 presents the systematic literature review on SCVC and points out the 

promising research directions identified in this review. A conceptual framework is 

proposed to summarize the theoretical lenses used in SCVC studies and to guide 

future theoretical work. Studies in VBM and information sharing are also reviewed 

since these two topics are found to have great potential in SCVC. The complication 
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in current seaborne cold chain research and practice is also stated to justify the 

application domain selected for the optimization models. 

Chapter 3 introduces the methodologies used in the following chapters, namely 

Chapter 4, 5, 6 and 7. It presents relevant concepts in VBM, such as value indicators 

and value driver tree. The proposed fuzzy Delphi-AHP-TOPSIS framework and SD 

approach are also illustrated in this chapter. Besides the methods, this chapter also 

includes the discussion on data collection for Chapter 6. 

Chapter 4 compares value-based optimization with traditional optimization method. 

It proposes two decision models to make transportation mode choice in seaborne cold 

chains. A numerical example is presented to show the advantage of the value-based 

approach and to provide practical implications for the industry practitioners. 

Chapter 5 further investigates the mode choice problem in seaborne cold chains. It 

develops an optimization model to make mode choice decision and to select optimal 

speed with the consideration of the environmental impact. It also includes a numerical 

example with sensitivity and scenario analysis, which reveal how the optimal 

deployment strategy changes under different circumstances. 

Chapter 6 adopts the fuzzy Delphi-AHP-TOPSIS framework to identify the barriers 

for big data analytics to be adopted in maritime organizations. Major cultural and 

technological barriers are listed based on the literature review and the Delphi survey. 

These barriers are then ranked by severity. Practical implications and 

recommendations are discussed at the end of this chapter.  

Chapter 7 builds three SD models of a three-echelon supply chain from the VBM 

perspective to compare three different information sharing scenarios, namely, 

traditional, partial information sharing and complete information sharing. A 

numerical example is presented to draw practical implications for various 

stakeholders in a supply chain. The value generated by different information sharing 

strategies are discussed in this Chapter. 

Chapter 8 summarizes the findings and contributions of this work and concludes by 

highlighting the research limitations and future research directions. 
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CHAPTER 2 LITERATURE REVIEW 

This chapter includes a complete systematic literature review and a batch of domain-

based literature review. The systematic review thoroughly investigates theoretical 

lenses adopted in SCVC studies, proposes a theoretical map to facilitate future 

theoretical research and four recommendations to guide future research direction. 

Relevant studies in VBM, current complications in seaborne cold chain and the status 

of supply chain information sharing are also reviewed in this chapter. The insights 

gained in this chapter clear the direction for the studies in the following chapters.1 

  

                                                                 
1 The following publication from the author is based on part of this chapter: 

Zhang, X. and Lam, J.S.L., 2018, Shipping mode choice in cold chain from a value-based management 

perspective. Transportation Research Part E: Logistics and Transportation Review, 110, 147-167. 

Zhang, X. and Lam, J.S.L., 2017, What impedes the big data analytics adoption in maritime 

organizations: A fuzzy Delphi-AHP- TOPSIS based framework for barrier identification. Proceedings 

of the International Association of Maritime Economists Annual Conference, Kyoto, Japan. 

Zhang, X. and Lam, J.S.L., 2017, Balancing the economic and environmental performance of the 

seaborne cold chain: A Value- based approach. Proceedings of the 7th International Conference on 

Logistics and Maritime Systems, Bergen, Norway. 

Zhang, X. and Lam, J.S.L., 2016, Value-based optimization of reefer containership sailing speed. 

Proceedings of the International Association of Maritime Economists Annual Conference, Hamburg, 

Germany. 
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2.1 Literature Review Approach 

This chapter consists of two parts. The review starts with a systematic literature 

review on value creation in SCM, aiming to provide a taxonomy for topics and 

theories in current SCVC studies. With the insights from this systematic literature 

review, VBM is identified as a promising yet understudied method to maximize value 

generated by SCM and information sharing is found to be a powerful initiative which 

would boost the SCVC. The second part of this chapter further investigates studies in 

VBM, information sharing and the domain of maritime supply chain. The systematic 

literature review method applied in the first part is introduced in this section. 

Originated in medical science, the systematic literature review method is now 

prevalent in various research areas (Coombes and Nicholson, 2013). Compared with 

a more narrative review, a systematic literature review ensures research rigor by 

conducting thorough and scrupulous texts search (Tranfield et al., 2003). Therefore, 

a structured literature review is more replicable and is appropriate to synthesize 

knowledge in a fast-growing research area (Joe et al., 2012). Following Denyer and 

Tranfield (2009)’s work, we conducted a systematic literature review on our subject 

of interest in five steps: (1) Questions formation; (2) Studies positioning; (3) Study 

selection and evaluation; (4) Analysis and synthesis; (5) Results discussion. Step 1-2 

are discussed in the previous section, step 3 is the focus of this section, and step 4-5 

will be presented in the following sections. 

Table 2.1 Keywords used in literature search 

“Supply Chain Management”  “Value Creation” 

SUPPLY CHAIN AND VALUE CREATION 

SUPPLY NETWORK  VALUE GENERATION 

SUPPLY CHANNEL  VALUE-ADDED 

  
VALUE CO-

CREATION 

  ADDED-VALUE 

  
VALUE 

MAXIMIZATION 

Source: Author 
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138 articles are selected from relevant journals across the fields of SCM, Operations 

Research and Management Science (OR & MS), and Marketing following Coombes 

and Nicholson (2013)’s method. To cover both previous and contemporary research, 

we searched for all available peer-reviewed articles regardless of publication year. 

The combinations of keywords as shown in Table 2.1were used in the search for 

articles which contain them in title, abstract, or keywords. Based on the taxonomy of 

supply chain management literature proposed by Croom et al. (2000), the journal 

selection started with five areas, namely, SCM, OR & MS, Marketing, Strategy and 

Organization Studies. SCM journals are selected based on Anne and Helen (2015)’s 

study and journals in the other four areas are identified based on the Association of 

Business Schools Academic Journal Guide 2015 (Wood and Peel, 2015). After the 

initial search, 145 articles fulfill the criteria in SCM and OR & MS journals and 26 

papers are found in Marketing journals. Since only one paper contains the keywords 

in Organization Studies and Strategy journals, we decided to focus on SCVC studies 

in SCM, OR & MS and Marketing journals (as shown in Table 2.2).  
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Table 2.2 List of selected journals 

Supply Chain 

Management 

Operations Research and 

Management Science 
Marketing 

International Journal of 

Physical Distribution and 

Logistics Management 

International Journal of 

Operations and Production 

Management 

Journal of Consumer 

Psychology 

Journal of Purchasing and 

Supply Management  

International Journal of 

Production Economics 

Journal of Consumer 

Research  

Supply Chain Management: 

an International Journal 

Journal of Operations 

Management 
Journal of Marketing  

Journal of Business 

Logistics 

Production and Operations 

Management 

Journal of Marketing 

Research  

 European Journal of 

Operational Research 
Marketing Science  

 Operations Research 

International Journal 

of Research in 

Marketing 
 Management Science Journal of Retailing  

 Annals of Operations 

Research 

Journal of the 

Academy of 

Marketing Science  

 Decision Sciences 
European Journal of 

Marketing 

 Journal of Optimization 

Theory and Applications  

Industrial Marketing 

Management 

 Journal of the Operational 

Research Society 

International 

Marketing Review  

 
Omega: The International 

Journal of Management 

Science 

Journal of 

Advertising 

 OR Spectrum  
Journal of 

Advertising Research  

 Transportation Science 

Journal of Interactive 

Marketing (formerly 

JDM) 

  

Journal of 

International 

Marketing  

  

Journal of Public 

Policy and 

Marketing  

  Marketing Letters  

  Marketing Theory 
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To select relevant articles for the review, the title and abstract of every article are 

scrutinized to avoid duplications and to exclude irrelevant articles in which the SCM 

and/or value creation is not the primary focus. After careful examination, 138 articles 

were reserved for in-depth examination. A thorough content analysis has been 

conducted to gather both qualitative and quantitative data following the coding 

criteria listed in Table 2.3. Detailed information of these articles, such as general 

publication details (year of publication, author, title, and journal), article type, 

methodology, theory, framework theme, value initiative and level of analysis were 

recorded in a database. The analysis and synthesis of these data shed light on (1) what 

theories are employed to study different aspects of SCVC; (2) how do these theories 

contribute to the understanding of SCVC. The findings of these problems led to the 

theoretical framework, which integrates theoretical perspectives with different 

aspects of SCVC. 

Table 2.3 Content analysis coding terminology 

Coding 

Category 
Description 

Methodology 

One of the following four categories: Theoretical/Prescriptive, 

Theoretical/Descriptive, Empirical/Prescriptive, 

Empirical/Descriptive 

Theory The theories adopted in the article if any 

Framework 

Theme 

The focus of the article, clarifying the concept of value (Value), 

analysing value creation logic in supply chain (Value Creation 

Logic), exploring activities that facilitate value creation (Value 

Creation Initiatives), evaluating value created through the supply 

chain (Supply Chain Performance), or maximizing the value 

created (Optimization) 

Value 

Initiative 
The activities that boost value creation, if discussed in the article 

Level of 

Analysis 
Unit of supply chain used for analysis: dyadic, chain or network 

Source: Author 

2.2 Systematic Literature Review on Supply Chain Value Creation 

This section presents the results and implications of the systematic review. Section 

2.2.1 depicts the general descriptive statistics of the reviewed articles and section 
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2.2.2 defines the taxonomy of SCVC studies for the following analysis.  With the 

domain defined, section 2.2.3 addresses the first research question by teasing out all 

the theories adopted to study SCVC. The second research question is answered in 

section 2.2.4, which discusses the dominant theories in detail and demonstrates how 

these theories have been used to tackle different SCVC problems. The last research 

question, the direction of future theory development in SCVC, is touched in section 

2.2.4 but will be discussed intensively in section 2.2.5. 

2.2.1 General Trends in Literature 

This section presents the general descriptive statistics of the reviewed articles, lists 

the theories applied in SCVC and discusses the most prevalent ones in detail. As 

shown in Figure 2.1, articles with both supply chain and value creation keywords in 

the selected journals did not appear until 2003. It has taken around 20 years for 

researchers to associate SCM with value creation, realizing that supply chain can be 

a value generating source rather than a supporting functionality. Then this topic 

0 2 4 6 8 10 12 14 16 18

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018 (Feb)

Number of Articles by Year

Figure 2.1 Number of articles by year 
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started to gain growing attention since 2008, with around 12 relevant papers being 

published every year on average. 

 

Figure 2.2 Proportion of articles by publication type 

Most of these papers were published in OR & MS and SCM journals and 14 percent 

of the articles were contributed by Marketing journals. Figure 2.2 shows that SCVC 

articles are almost equally distributed in OR & MS journals (45 percent) and SCM 

journals (41 percent). The detailed classification of journals is presented in Figure 

2.3. The OR & MS, SCM and Marketing journals are marked in blue, orange and 

grey, respectively. The average number of articles published in SCM journals is 

higher than the one in OR & MS journals, however, more OR & MS journals lead to 

a slightly higher total number of articles. 

45%

41%

14%

Proportion of Articles by Publication Type

OR MS Supply Chain Marketing
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Figure 2.3 Number of articles per journal 

The articles are also analyzed based on the methodology-oriented criterion following 

Croom et al. (2000)’s work. Reviewed articles are categorized into 4 quadrants based 

on two epistemological dimensions as shown in Figure 2.4. Articles are identified as 

theoretical if they explain the underlying laws, propose new concepts or point out the 

causal relationship. The articles which focus on reporting practice are defined as 

empirical work. The other distinction is made between prescriptive works which 

propose normative models or descriptive works which summarize current practices 

(Croom et al., 2000). Figure 2.4 reveals that theoretical and empirical studies are 

proportional (47% vs 53%), which well addresses the inductive-deductive dichotomy. 

However, prescriptive theoretical work is only 9% of the reviewed literature, which 

indicates a demand for a significant body of a priori theory. 
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Figure 2.4 Literature classification according to the methodology-oriented criterion 

 

2.2.2 Review Aspects of Supply Chain Value Creation  

To better present the advanced analysis of this systematic review, the taxonomy 

approach needs to be introduced. Section 2.2.2.1 presents three aspects of value 

creation and section 2.2.2.2 introduces different analysis levels of supply chain 

management. 

2.2.2.1 Aspects of Value Creation 

In terms of value creation, reviewed articles fall into three categories: value definition, 

value creation logic analysis, and value creation initiative identification. 

Value 

Although only three articles focus on defining and classifying different types of value, 

the definition of value is the foundation of value creation research and the concept is 

used in all relevant articles. In management literature, shareholder value, stakeholder 

value, and customer value are mostly discussed (Reichheld, 1994). These three 

categories of value are widely used in our reviewed papers, but customer value is the 

predominant one, which consists with Azaddin (2004)’s view that customer value is 

the source of all other values. 

Besides the three main categories of value, other values such as governance value 

(Hammervoll, 2009, Wang and Wei, 2007), relationship value (Cheung et al., 2010), 

service value (He et al., 2012, Yazdanparast et al., 2010), and ecosystemic value (Ben 

Letaifa, 2014) are also discussed. Other classification schemes are proposed as well, 
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for example, Bowman et al. (2010) clustered value at the organizational level to use 

value and exchange value; Pang et al. (2015) identified “traceability centric” value 

and “income-centric” value in food supply chain. 

To measure and quantify these values, different performance indicators are 

introduced. Schenkel et al. (2015) proposed customer service, inventory cost, 

operational cost to evaluate supply chain performance; Wiengarten et al. (2011) 

recommended cost, quality, flexibility and delivery to indicate operational 

performance; Davis et al. (2014) suggested cost, efficiency, speed and quality to 

assess firm performance; and Xie et al. (2014) nominated e-Ordering process and e-

CRM process to grade process performance. 

It is notable that intangible values like leadership quality, innovative capability, brand 

equity and competences in strategic-alliance development have gained increasing 

reorganization in recent years (McPhee and Wheeler, 2006), such intangible values 

are considered as critical as tangible value (Kim et al., 2013). However, these 

intangible values are rarely discussed in SCVC studies. This gap indicates that an 

advanced value concept which can well address both tangible and intangible value 

would be beneficial to the future research. 

Value Creation Logic 

Out of the 138 articles, twenty-five focus on how the value is created, in other words, 

value creation logic. One of the most influential value creation logics is the value 

chain proposed by Professor Michael Porter in 1985. Porter (1985) introduced value 

chain, a model for a firm to systematically examine all the activities it strategically 

performed to gain competitive advantage. Despite its wide application and immense 

impact, criticism has emerged due to globalization and changing competitive 

conditions. Stabell and Fjeldstad (1998) argued that value chain is incompatible with 

all sorts of business. Another main critic of Porter’s model is that the model focus on 

the financial view of the value creation process but not on the satisfaction of end 

customers which are the key to a firm’s success (Peter, 1993, Prahalad and 

Ramaswamy, 2004). Kothandaraman and Wilson (2001) also pointed out that the 

value chain model neglects interactions between the firms in the chain when 

analyzing value-creating activities. 



18 
 

Accordingly, alternative value creation logics have been developed. “ Value 

configurations” is a main stream one builds directly on the value chain. Stabell and 

Fjeldstad (1998) proposed two more value configurations — shop configuration and 

network configuration — as well as two corresponding value creation logics to 

present different types of firms appropriately. Another concept of value net, a 

dynamic and flexible network within which exclusive value-adding resources of all 

the actors are combined for the actors to create value via collaboration, was 

introduced by Parolini (1999). Other recently developed logics such as “the package 

logic” (Johansson and Jonsson, 2012) and “value chain architecture” (Holweg and 

Helo, 2014) are yet to stand the test of time. 

Among all the value creation logics, the added-value chain is found to be the latest 

value creation logic in Porter’s genre. McPhee and Wheeler (2006) added three 

primary activities — supply chain management, product use, and end of primary use, 

together with one supportive activity — external networks to the original value chain 

model. This value creation logic model has the potential to analyze all the activities 

within a supply chain and to perform them in order to create the most value for each 

member (McPhee and Wheeler, 2006). Future research may benefit from this 

enhanced and more comprehensive value creation logic. 

Value Creation Initiatives 

The remaining articles investigate value creation initiatives. Value creation initiatives 

were initially defined as actions that directly contribute to value creation when 

undertaken by organizations in supply chains (Dyer and Singh, 1998). In this study, 

an evolved definition is adopted to consider all the activities, practices or strategies 

that contribute to SCVC as value creation initiatives. Table 4 summarizes different 

value creation initiatives, how they contribute to value creation and in which articles 

they have been discussed. Some articles studied multiple initiatives, therefore, may 

appear more than once in the table. The popularity of each initiative is presented in 

Figure 2.5. The horizontal axis shows the occurrence frequency of each initiative and 

reveals that relationship management/ demand chain management/ supply 

management, IT/ internet/ e-business, supply chain integration and collaboration are 

the most discussed value creation initiatives. 
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Table 2.4 Value creation initiatives 

Initiatives Contribution to value creation Literature 

Collaboration 

Collaboration provides competitive advantages 

that enable every participant in a supply chain 

to grow and thrive. 

3， 18， 33， 42， 45， 53， 108， 

117， 127 

IT/ Internet/ E-business 

Internet enhances collaboration among 

alliances. 

Internet improves supply chain effectiveness. 

A firm’s internet commitment positively affects 

the firm’s performance. 

2， 14， 18， 45， 47， 62， 65， 

77， 81， 104， 109， 111， 124 

Innovation 

Innovation is one of the two fundamental routes 

for companies to create new value under the 

pressure of globalization. 

66， 88， 92， 109， 136 

Knowledge 
Knowledge is suggested to be the raw material 

of value creation. 

9， 39， 66， 93， 99， 104， 133  

Relationship management/ demand 

chain management/ supply 

management 

Demand chain management facilitates firms to 

gain a competitive edge by differentiating both 

products and delivery process. 

1， 12， 16， 23， 28， 37， 45， 

49， 52， 59， 64， 73， 79， 81， 

83， 92， 94， 96， 102， 133， 134 
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Initiatives Contribution to value creation Literature 

Outsourcing 
Outsourcing leads to cost savings and, hence, to 

increased value creation. 

15， 29 

Network planning 

An optimal SC network structure paves the way 

to value creation by facilitating the 

optimization of SC operations. 

36, 46, 50, 85, 89 

Inventory management 

Good inventory management lowers the 

sharing cost of all the supply chain partners in 

a supply chain network, therefore, realizes the 

value of coordination for each partner. 

40, 75, 132 

Supply chain integration 

Supply chain integration among partners 

increases shareholder value. 

Structural and process integration conducted by 

an individual firm creates joint value and 

improves supply chain performance. 

24, 26, 27, 43, 54, 60, 80, 81, 98, 105, 121, 

123, 138 

Reverse/ closed-loop supply chains 

Adoption of reverse supply chains brings a new 

marketing opportunity, enhances product 

design and improves customer services and, 

hence, creates value. 

8, 11, 71, 82, 129 



21 
 

Initiatives Contribution to value creation Literature 

Lean system 

The lean system helps companies to optimize 

their resources and therefore to enhance their 

value creation. 

122 

Sustainability 

Sustainability, when integrated into a firm’s 

corporate strategy, adds to the firm’s intangible 

assets. 

76, 115, 134  

Early order commitment A retailer makes commitments regarding order 

quantity and delivery time before demand 

uncertainty is resolved, which reduce the cost 

and shorten the lead time. 

19 

Order fulfilment The activities involved in the successful 

delivery of products to meet retail customer 

requirements help to develop retailer loyalty. 

21 

Information sharing Information sharing clarifies the needs of the 

end customer for upstream suppliers and leads 

to a win-win situation for the whole supply 

chain. 

31, 100. 131 
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Initiatives Contribution to value creation Literature 

3PL/ 3PP Third-party logistics (3PL) is a company's use 

of third-party businesses to outsource elements 

of the company's distribution and fulfillment 

services. Third-party purchase (3PP) is a new 

value-added service offered by 3PL providers. 

119, 135 

4PL Fourth-party logistics (4PL) provider is an 

integrator that accumulates resources, 

capabilities, and technologies to run complete 

supply chain solutions, which has a multi-

dimensional advantage over the in-house 

solution. 

30 

Logistics clustering Logistics clusters are the nodes on the intricate 

web of international trade routes and supply 

chain networks, which facilitate collaboration-

related benefits, offer of value-added services, 

career mobility for the logistics workforce 

within the cluster, and promote job growth at 

multiple levels within the clusters. 

118 
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Initiatives Contribution to value creation Literature 

Crowd logistics Crowd logistics is a novel way of providing 

logistics services that tap into the dormant 

logistics resources and capabilities of 

individuals, using mobile applications and web-

based platforms which is a co-creator of 

logistics value. 

126 

Source: Author
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Figure 2.5 Popularity of value creation initiatives 

2.2.2.2 Supply Chain Level of Analysis 

Simchi-Levi et al. (2004) clustered a large spectrum of a firm’s activities into nine SCM 

topics — network planning, inventory control, supply contracts, distribution strategies, 

supply chain integration and strategic partnering, outsourcing and procurement 

strategies, product design, customer value and information technology and decision-

support systems. This taxonomy was initially adopted for the analysis from the supply 

chain perspective. After the initial review, it has been found that these topics are highly 

overlapped with the value creation initiatives. During the first round of review, we have 

also found that the SCM literature concerns different levels within a total network of 

operations, therefore, level of analysis is adopted to analyze the articles from the SCM 

perspective. The literature can be categorized into three levels: dyadic level, chain level, 

and network level. Dyadic level considers a pairwise relationship between supplier and 
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manufacturer or manufacturer and distributor, the buyer-supplier relationship is the 

classic and the most well studied dyadic level relationship.  Chain level includes a set 

of dyadic relationships while network level encompasses complex connected chain 

relationships (Croom et al., 2000). Figure 2.6 shows the distribution of articles in terms 

of different analysis levels. It can be found that most SCVC studies focus on the chain 

level and the rest are equally distributed between the dyadic and network level. 

 

Figure 2.6 Articles by supply chain analysis level 

2.2.3 Theories Adopted in the Literature 

As shown in Figure 2.7, most of the theoretical studies (51 out of 65) adopt only one 

theory to address the SCVC problems and nine articles study the SCVC from different 

theoretical perspectives. Only five studies use a grounded theory approach. A time-

based analysis of the types of theoretical articles is presented in Figure 2.8. The analysis 

reveals that the one-theory approach dominates the theoretical studies and this trend 

continues. On the contrary, the percentage of papers that apply multi-theoretic approach 

and grounded theory approach decreased in the last decade. The review indicates that 

scholars tend to import theories from other domains to study the SCVC issues rather 

than develop new perspectives upon the existing theories. 
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Figure 2.7 Types of theoretical articles 

 

Figure 2.8 Evolution of theory utilization 

Based on the reviewed articles, 30 theories have been adopted to study the SCVC 

problems. Out of these 30 theories, the resource based view (RBV), service dominant 

(SD) logic, social capital theory, game theory, resource dependency theory (RDT), 

transaction cost theory (TCT), VBM and value chain theory are the most frequently 

used theories as shown in Figure 2.9. Other theories identified in the literature are 

presented in Table 2.5. It is worth mentioning that the concept of “customer 

attractiveness” is invented by Mortensen and Arlbjorn (2012) as an inter-organizational 

approach. to consider both parties' interest in a buyer-supplier relationship. The other 

newly developed theory of “supplier network-based innovation value” is proposed by 

Yan et al. (2017), which explains how a supplier's upstream and downstream value 

network can be a source of competitive advantage for a buying company. 
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Figure 2.9 Dominant theories applied in SCVC 

Table 2.5 Other theories found in the literature 

Theory Number of Articles 

Organizational buying effectiveness 2 

Organizational learning theory 2 

Social exchange theory 2 

Stakeholder theory 2 

Value chain theory 2 

Base of pyramid 1 

Capital asset pricing 1 

Contingency fit theory 1 

Customer attractiveness 1 

Governance value analysis 1 

Industrial network theory 1 

Interdependency theory 1 

Knowledge based view 1 

Relational contract theory 1 

Relational exchange theory 1 

Resource advantage theory 1 

Strategic management theory 1 

Structure-conduct-performance 1 

Supplier development theory 1 

Supplier network-based innovation value 1 

Theory of production frontier 1 

Absorptive capacity theory 1 
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2.2.4 Dominant Theories 

The detailed information of articles which apply the dominant theories is listed in Table 

2.6. A brief introduction of these dominant theories and how they have been used to 

tackle SCVC problems are discussed as follows. 

Table 2.6 The use of dominant theories 

Theory Number of Articles Reference Number 

Resource based view 14 

15, 18, 44, 53, 56, 

60, 65, 74, 81, 86, 

97, 113, 133, 137 

Service dominant logic 9 
51, 63, 85, 87, 91, 

93, 96, 115, 126 

Social capital theory 5 23, 64, 92, 120, 133 

Game theory 4 12, 17, 25, 31 

Resource dependence theory 4 27, 60, 123, 128 

Transaction cost theory 4 15, 18, 29, 44 

VBM 4 2, 57, 67, 70 

Value chain theory 3 69, 90, 107 

 

Resource Based View 

The RBV is originally proposed by Penrose (2009), it views firms as collections of 

resources. The concept of resources evolves over time. Firms are supposed to create 

value and achieve competitive advantage by acquiring and controlling these valuable, 

rare imperfectly imitable resources (Eisenhardt and Martin, 2000). RBV is the most 

used theory in both SCVC and sustainable SCM studies (Anne and Helen, 2015). It is 

also a dominant theory applied to investigate information sharing in supply chains 

(Kembro and Näslund, 2014). However, it has its limitations.  

A number of articles regarding tackling information technology and decision-support 

system are rooted in the perspective of the RBV. IT capabilities, IT-enabled business 

processes are viewed as value-generating resources. However, some researchers argued 

that when the process of business value creation of IT is vague, RBV could not explain 

the complex IT value co-creating process (Xie et al., 2014). Besides the incapability to 

present “information technology and decision-support system”, another deficiency of 

RBV is caused by its firm-level focus (Tomaselli and Di Serio, 2013). Tomaselli and 

Di Serio (2013) argued that RBV’s focus on a focal firm fails to capture the complexity 

when taking capabilities, routines and resources in a broader system of the organization 
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into consideration and take interactions with customers and trading partners and the 

formation of alliances into account. 

Lavie (2006) has suggested extending a firm’s critical resources beyond a firm’s 

boundaries to include inter-firm routines and process. This extended RBV should well 

address the inter-organizational value-generating resources such as collaborative 

relationships with supply chain partners. However, this enhanced RBV model has not 

been applied in any reviewed articles. Such an extended RBV can be embedded in 

future SCVC research. 

Service Dominant Logic 

Previous frameworks of economic studies are all based on good dominant logic, which 

suggests goods to be the focus of exchange and services to be a special case of goods 

(Vargo and Lusch, 2004a). It is an ancient logic that marketing inherited from 

economics more than 100 years ago. Recent researchers like Vargo and Lusch disagreed 

with this fundamental logic, and they proposed a new logic — SD logic which 

emphasizes on the exchange of tangible and inert resources, such as operand resources, 

that act upon other resources (Vargo and Lusch, 2004b). SD logic rests on the premise 

that, people offer the specialized skills and knowledge to others for the exchange of 

service they need in order to improve their individual and collective wellbeing. Goods 

are viewed as a mechanism for service provision if they are involved in the exchange 

(Vargo and Lusch, 2004b). Lusch et al. (2010) enhanced the conceptualization of SD 

logic by adding two more fundamental propositions to the original eight propositions. 

Becoming more and more popular in recent years, SD logic has extended its impact to 

SCM. Value co-creation (Yazdanparast et al., 2010) and supply chain services (Maas 

et al., 2014) have been studied from the SD perspective. Yazdanparast et al. (2010) 

explored the process of service value creation by combining extant knowledge related 

to service value in SCM and to develop a process framework of logistics service value 

co-creation by employing SD logic theoretical lens. By applying SD logic thinking, 

Maas et al. (2014) reviewed the interdisciplinary literature and classified value created 

by different types of supply chains services. With the rapid development of SD logic, 

more relevant SCVC studies based on SD logic are expected to emerge in the near 

future. 

Social Capital Theory 
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Social capital theory origins from and prospers in multiple social science disciplines 

(Griffith et al., 2006). Among its various conceptualizations, the most cited definition 

in the supply chain context is “a valuable asset that stems from access to resources made 

available through social relationships” (Granovetter, 1992, p.5). The definition of social 

capital was extended by Nahapiet and Ghoshal (1998) to three dimensions: cognitive, 

relational, and structural. Relational and structural dimensions have been widely used 

to study the buyer-supplier relationships (Artz, 1999). 

How social capital improves the firms’ performance has been intensively studied in 

different areas. The impact of social capital on supply chain performance has also 

started to gain attention. (Lawson et al., 2008). Lawson et al. (2008) proposed a model 

to link the positive relational capital to buyer performance improvement within strategic 

buyer-supplier relationships. Lawson et al. (2008) also proved the hypothesis that 

structural capital is positively related to such improvements. On the contrary, Villena 

et al. (2011) attempted to evaluate how social capital may impede value creation within 

buyer-supplier relationships and concluded that either too little or too much social 

capital could hurt performance. McDougall and Banjade (2015) tapped on the hierarchy 

of capabilities framework and the social capital perspective to explore how to improve 

a service firm’s performance by developing disaster immunity through the exploitation 

of market acuity and supply network partnerships. The impact of social capital on 

retailer-supplier relationships in Korean fast-moving consumer goods sector has also 

been studied. Preston et al. (2017) revealed that only the disparity between a retailer 

and a supplier on the cognitive dimension is related to lower operational and strategic 

relationship performance. Son et al. (2016) extended the theory describing buyer-

supplier relationships by integrating social capital theory, the knowledge based view 

and the absorptive capacity theory. It can be expected that the social capital theory will 

not be limited to evaluate supplier-buyer relationships but also be applied to investigate 

more complicated relationships like supply network partnering. The scope of the capital 

theory in the SCVC field may also be extended by applying with other theories. 

Game theory 

Game theory is an umbrella term today, which stands for a broad range of approaches 

for logical decision making. The definition of game theory can be as general as as 

studying the conflict and cooperation between intelligent and rational agents using 
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mathematical models and it has been used in economics, political science, psychology, 

logic, and computer science (Roger, 1991). 

Four articles have applied four different game theoretic models to address four different 

problems in SCVC. Chatain and Zemsky (2007) developed a biform game model to 

present how a firm should choose among specialist, generalist and hybrid strategies 

based on different organizational trade-offs and buyer-supplier relationships. Although 

granted that managed supply chains are a promising source of value creation, McCarter 

and Northcraft (2007) viewed managed supply chain as a strategic alliance from a social 

dilemma perspective. Prisoners’ dilemma game and assurance game models are 

proposed to guide an alliance to maintain high trust and therefore create added value 

effectively. A Stackelberg-type game was formed by Mukhopadhyay et al. (2008) to 

present a mixed-channel model of a manufacturer which sells through both the 

traditional wholesaler-and-retailer channel and the new ecommerce channel. Yao et al. 

(2008) proposed a three-state game theoretic model to present a similar problem. A 

supplier and its two heterogeneous retailers are allowed to make their own decisions 

whether to share cost information vertically. The model proves the existence of 

equilibrium prices under this scenario and provides a win-win strategy for the entire 

supply chain. Given the variety of game theoretic models, the potential of this stream 

of study is huge and more tailed game theoretic models can be developed to study the 

dynamics between different players in the complex supply chains. 

Resource Dependence Theory  

As one of the most influential organizational theories, RDT explains that organizations 

form a resource exchange network, within which each organization is dependent on 

others to survive under an uncertain environment. RDT has been successfully applied 

in purchasing and marketing domain (e.g., Andreas et al., 2009, Hult et al., 2007). In 

RDT, it is assumed that firms are driven by the objective to survive and a constant flow 

of critical resources from their suppliers is the key to achieve and ensure the survival 

(Pfeffer and Salancik, 1978). Suppliers of critical resources can be the upstream 

supplier firms, downstream firms which hold the market, or even political parties which 

hold regulatory power (Pfeffer, 1982). The dynamics of supply chain partnership 

depends on three factors, namely, how critical the resource is, how accessible the 

alternatives are, and how the resource is deployed (Medcof, 2001). 
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Petersen et al. (2008) examined how buyer firms deal with their dependency on a 

supplier by analysing empirical data. The results indicate that buyer firms which have 

high supplier dependency tend to undertake the socialization process to transform the 

dependency to relational capital rather than to enhance supplier integration. McCarthy-

Byrne and Mentzer (2011) built a supply chain value integration (SCVI) model based 

on RDV, RBV, and relational exchange theory. The study reveals that an integrative 

infrastructure could balance the level of dependence for dependent suppliers and 

therefore drives value creation. A value creation strategy — co-management of 

purchasing and marketing -- is proposed by Wagner and Eggert (2016), in which value 

creation and value capture are identified as the “pull factor” and the dependence on 

critical resources as the “push factor” for the co-management. Foerstl et al. (2017) 

treated a supply chain as a quasi-organization and processes of activities. Foerstl et al. 

(2017) borrowed the definition of efficiency as an internal performance standard and 

effectiveness as an external performance standard from the resource dependence 

perspective. An analytical framework is then proposed to investigate the concepts of 

efficiency and effectiveness within an integrated supply chain. Unlike other theories, 

the utilization of RDT focuses on the same issue — exploring supplier integration. RDT 

seems to be a valuable tool to explain the interactions between buyer and supplier firms 

and to guide the collaborative strategy formulation. 

Transaction Cost Theory 

First developed in 1937, then improved by Williamson (1987), TCT holds that firms 

integrate production to minimize costs from opportunism and bounded rationality and 

to conquer the transactional difficulties mainly caused by asset specificity, uncertainty, 

and frequency of the transaction. TCT is a well-developed approach for boundary 

decisions and has been widely used to study governance mechanisms. TCT based 

mechanisms usually focus on controlling opportunistic behaviours and minimizing 

transaction cost while RBV rooted mechanisms concentrate on collaborative value 

creation from relational resources. Since transaction costs and relational resources often 

coexist, TCT and RBV are often used together in governance mechanisms studies to 

supplement each other (Madhok and Tallman, 1998). 

In the SCVC field, three out of four studies applied TCT together with RBV and only 

one out of four is not addressing the outsourcing issue. Holcomb and Hitt (2007) took 
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the initiative to investigate strategic outsourcing by integrating the TCT and RBV 

perspectives. Williamson (2008) examined outsourcing from the pure TCT perspective; 

described different styles and qualifications of outsourcing; and presented the main 

lessons of TCT for supply chain literature. Hsiao et al. (2010) categorized logistics 

activities into execution basic activities, value-added activities, planning and control 

level of activities and strategic decision level of activities. Then a decision-making 

framework based on TCT and RBV perspectives is proposed by Hsiao et al. (2010) to 

decide which activities to be outsourced in the food industry. Wang and Wei (2007)’s 

work is the only article which adopted TCT but did not focus on outsourcing. They 

attempted to identify the governance mechanisms that can improve information 

visibility and supply chain flexibility. They also supplemented the TCT by the RBV 

and revealed the significance of both control and collaboration mechanisms in inter-

organizational governance. TCT based studies set a good example of multi-theoretic 

studies and demonstrate how the right theories applied together can enrich a research 

stream. 

Value-based Management 

The VBM approach is derived from managerial accounting practices and aims to 

measure and manage the business to create lasting value for shareholders by developing 

an integrated framework (Koller et al., 2010). Unlike other supply chain performance 

management models, Supply Chain Operations Reference (SCOR) for example, value-

based approaches avoid the conflicting performance metrics and provide insight into 

interdependencies and cause-and-effect relationships among the metrics (Cai et al., 

2009). In VBM, value driver trees and risk adjusted performance metrics are used to 

manage performance and risk, and only one paramount performance metric is adopted, 

which can simultaneously manage both operational and financial decisions for value 

creation (David and O'Byrne, 2000). 

Increasing attention has been received for VBM decision support models in OR-related 

publications (Hahn and Kuhn, 2012b). These models have been used to bridge the gap 

between SCM and financial management. Although it is just the fourth most commonly 

applied theoretical lens, it is the only prevailing theoretical lens applied in SCVC from 

the OR perspective. Considering the scarcity of OR studies in this area, VBM should 

gain more attention in the future. 
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Value Chain Theory 

As described in section 3.1.2, Porter’s model is the most well recognized and influential 

value creation model despite its gradually exposed limitations. It serves as the 

cornerstone of most newly developed value creation models. Therefore, Porter’s model 

is the most adopted theory in the realm of value creation. Built on Porter’s model, 

Stabell and Fjeldstad (1998)’s value shop and value network models and McPhee and 

Wheeler (2006)’s added-value chain are also deemed as the adaption of the value chain 

theory. 

Articles using Porter’s model as theoretical lens classify companies’ activities into 

primary activities which create and bring value to customers directly and supportive 

activities which facilitate the performance of the primary activities (Porter, 1985). In 

Porter’s original value chain model, primary activities include inbound logistics, 

operations, outbound logistics, marketing and service while the value creation logic is 

“transformation of input into products”. Stabell and Fjeldstad (1998) identified 

problem-finding and acquisition, problem-solving, choice, execution, 

control/evaluation as primary activities in value shop and “(re)solving customer 

problems” as value creation logic in the value shop model. Network promotion, contract 

management, service provisioning, and infrastructure operation are deemed as primary 

activities and “linking customers” is deemed as value creation logic in the value 

network model. Built upon the value chain model, supply chain management, product 

use and end of primary use are added to primary activities in added-value chain model 

by McPhee and Wheeler (2006). In the added-value chain model, external networks is 

added to the original supportive activities which include “firm infrastructure”, “human 

resource management”, “technology development” and “procurement”. These models 

well portrayed the value creation process of most of the individual companies, however, 

an extended model which can address the inter-organizational collaboration and value 

co-creation is in demand to further the research in SCVC. 

2.2.5 Implications and Research Suggestions in Supply Chain Value Creation 

The thorough review of the relevant literature suggests a variety of implications 

regarding future development of theory-driven research in the field of SCVC. This 

section answers the last research question by proposing a theoretical framework and 

four propositions.  
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2.2.5.1 Theoretical Framework 

To have a better understanding of how the theories have been applied to tackle different 

SCVC problems, a conceptual framework (as shown in Figure 2.10) is proposed. To 

begin with, only governance value analysis has been used to study what value is to be 

created. Following that, a variety of value creation initiatives should be identified. 

Currently, twenty theories have been applied in this step, social capital theory, SD logic, 

RBV and TCT are the popular theories applied to investigate value creation initiatives. 

It is worth mentioning that four out of five grounded theory studies are focusing on 

value creation initiatives. Once the targeted value and value creation initiatives have 

been identified, theories are required to determine how the value is created, ten theories 

have been applied in this part. Value chain theory, SD Logic and stakeholder theory are 

mostly used to explore the value creation logic. In the fourth step, the created value 

should be quantified by measuring particular performance indicators. Organizational 

buying effectiveness, VBM, social capital theory, RDT and RBV have been adopted in 

this step. Lastly, resources and value creation initiatives should be optimized to 

maximize value creation and VBM, game theory, interdependency theory, capital asset 

pricing have been employed in this step. 
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Figure 2.10 A conceptual framework of SCVC 

Source: Author 
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2.2.5.2 Research Agenda Recommendations 

The systematic review reveals that only half of the articles employ a theoretic 

perspective in their research, which means that half of the articles investigate the 

SCVC problems on a piecemeal fashion. Although thirty theories have been applied 

in total, the eight dominant theories account for 65% of the theoretical articles. For 

current theory-driven studies, only nine adopt more than one theory and 33% of these 

multi-theoretic studies follow the classic combination of RBV and TCT. These 

findings lead to the first recommendation which is similar to the conclusion of 

Clifford et al. (2010) and Kembro et al. (2014): 

R1. Theory building is still in demand in the SCVC field, scholars should be 

encouraged to test and extend relevant theories from various disciplines, and to apply 

different theories together to dealing with the complex and connected supply chain 

factors. 

 

Figure 2.12 Article distribution based on the conceptual framework 

As shown in Figure 2.12, most of the SCVC articles concentrate on the value creation 

initiatives. There is a certain gap around the value aspect. Since intangible values 

have gained significant attention and recognition, an enhanced value concept is in 

demand to capture both tangible and intangible values to facilitate future research. 

SD logic provides a good direction for this stream of studies. According to the review, 
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management are the most important value initiatives in this decade. However, 

previous value creation models like Porter’s classic value chain model and added-

value chain — a modified version of Porter’s value chain — are only capable of 

analyzing value creation logic for individual firms. An advanced value creation logic 

model is required to address the inter-organizational collaboration, value co-creation 

and connected supply chain relationships. Therefore, our second recommendation is: 

R2. The definition of value in SCVC should be further studied, an enhanced value 

creation logic model is in demand, and it is crucial that the value concept, value 

creation model and the relevant theories are advanced to address the emerging 

supply chain complexity. 

Out of the 65 theoretical articles, only five adopt a grounded theory approach and 

attempt to build new theories from empirical data. Most of the theories applied in 

SCVC studies are inherited from other disciplines. Moreover, some advanced studies 

have been done in the development of certain theories; however, scholars in SCVC 

are not always following the state-of-the-art theory development. RBV is a good 

example, its limitation has been identified and an extended concept has been 

proposed but is yet to be applied in the SCVC filed to guide inter-organizational 

collaboration studies. This finding leads to our third recommendation: 

R3. Scholars should follow the theory development in other areas and apply the state-

of-the-art theories in the field of SCVC, and more importantly, engage in theory 

testing and consolidating efforts to give the field its own effective theory.  
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Figure 2.13 Supply chain level of analysis based on the conceptual framework 

Figure 2.13 presents the utilization frequencies of three supply chain analysis levels 

in different framework component. It can be seen that least studies have applied 

network as the unit of analysis. However, due to the increased complexity of 

contemporary supply structure, the supply network has become an important concept 

to investigate the interconnected relationships among supply chain members and to 

cope with the complexity and the interdependent issues within this multi-faceted 

entity. In the reviewed literature, only SD logic, value chain theory, industrial 

network theory, interdependency theory, relational contract theory and game theory 

have been adopted to study the SCVC from the network level, more theories such as 

complexity theory (Anderson, 1999) should be explored and tested in this vein of 

study. Other than the supply chain analysis level, more SCVC studies should be 

encouraged to approach the SCVC problems from a macro perspective and to be 

conducted in a structured manner. Our conceptual framework aims to serve as a guide 

for this type of research and here summarizes our final recommendation: 

R4. A more holistic and multi-level understanding of SCVC needs to be built for the 

theory building and knowledge development.  
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2.3 Value-based Management and Maritime Supply Chain 

2.3.1 Value-Based Supply Chain Management 

Young and O’Byrne (2001) stated that businesses exist to create value for their 

owners, in other words, to maximize shareholder value. A broader perspective on 

value urges decision makers to consider not only the shareholders’ interests but also 

the stakeholder value, which includes financial claim holders, employees, customers, 

communities, government officials for the sustainability of the society (Jensen and 

Petersen, 2014). However, stakeholder value does not necessarily conflict with 

shareholder value. Hillman and Keim (2001) proved their proposition that 

stakeholder management enhances shareholder value creation since the good 

relationship with primary stakeholders facilitates the development of intangible 

assets which may turn to the competitive edge. 

VBM is devised by Fruhan (1979) and Rappaport (1999) to maximize shareholder 

value. VBM can be viewed as a management accounting system which integrates 

value creation with objectives on the strategical level, performance measurements 

and cause-and-effect-chains compensation (Chenhall, 2005). 

Terminology and applied methodologies are heterogeneous in the field of research 

on value-based supply chain management (Brandenburg, 2013). An EVA-based 

framework with strategic and operational value drivers in supply chain management 

is proposed by Waters (2009). Waters (2009) classified product and market portfolio, 

supply chain assets, and financial structuring as strategic value drivers; and identified 

customer retention, sales growth, and supply chain integration as operational value 

drivers. Revenue growth, operating cost reductions, fixed capital efficiency, and 

working capital efficiency are identified by Christopher and Ryals (1999) as four 

value drivers which link the supply chain strategy and VBM. Value driver trees are 

used as explanatory frameworks to demonstrate the importance of value drivers in 

supply chain management, however, they do not support value-based optimization 

(Hahn and Kuhn, 2011). Dyson (2000) stated the significance of operations research 

in performance management systems design, while a simulation-based multiple 

metrics performance management approach was proposed by Kleijnen and Smits 

(2003). An integrated approach to optimizing mid-term level physical and financial 
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supply chain planning is developed by Hahn and Kuhn (2011) and risk optimization 

is integrated into their later work (Hahn and Kuhn, 2012). As suggested by the results 

of Brandenburg (2013)’s content analysis, value-driving factors should be further 

elaborated, and suitable structures and metrics should be developed to support 

decision making for both company and the entire supply chain in future value-based 

supply chain management research. 

In summary, VBM is an effective tool to maximize shareholder value which has not 

been widely applied in SCM studies. The following chapters will investigate the 

effectiveness of VBM in solving sophisticated optimization problems in SCM. The 

investigation will start from a niche supply chain area in which the optimization 

problems are more complicated. 

2.3.2 Seaborne Cold Chain  

As a niche area in supply chain management, cold chain started to gain attentions in 

both the industry and academia due to its stable and fast growth in the past two 

decades. As shown in Figure 2.14, the world reefer trade has grown from less than 

50 million tonnes in 1990 to more than 190 million tons in 2014 with an average 

growth rate of 6% despite the challenging economic environment (Lam, 2010). 

 

Figure 2.14 World reefer trade in tonnes 

Source: Author’ compilation based on Nomadic Shipping ASA (2002), and Drewry 

(2015) 
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However, the studies in cold chain management emerged only about ten years ago 

and most of them focus on the technical aspects of food (Kuo and Chen, 2010) and 

pharmaceutical supply chains (Bishara, 2006). In recent years, quantitative 

approaches have been gradually adopted in the study of cold chains. Both Joshi et al. 

(2011) and Shabani et al. (2012) proposed benchmarking frameworks to evaluate cold 

chain performance. The benchmarking framework developed by Joshi et al. (2011) 

allows a company to compare its performance to market leaders while Shabani et al. 

(2012) method facilitates to evaluate the performance of different sales agents in a 

cold chain and identifies the best one as the benchmark. Flick et al. (2012) developed 

a deterministic and stochastic model to predict the evolution of food products and its 

variability along a cold chain. According to the proposed model, the in-refrigerator 

time and the refrigerator thermostat setting are the main factors that affect the 

microbial load development. Wang and Li (2012) proposed a dynamic pricing model 

for perishable food while Herbon et al. (2014) modeled a single perishable product 

with periodic replenishment and dynamic pricing over multiple periods. A shelf-life 

model to evaluate cold chain performance based on Monte Carlo simulation was 

introduced by Aiello et al. (2012), and lately, Saif and Elhedhli (2016) developed a 

mixed-integer model to resemble a single-echelon, multi-commodity cold chain 

design problem with environmental considerations. 

Since half of these refrigerated cargoes are shipped by sea and studies in maritime 

logistics piled up in recent years, seaborne refrigerated trade has become an 

indispensable part of global ocean-going trade and an emerging discipline that has 

gained increasing attention among researchers (Lam and Bai, 2016). Most of the 

studies in seaborne cold chain are qualitative and the erosion of bulk reefer’s market 

share from container shipping is the most discussed topic. Thanopoulou (2012) 

analyzed the erosion in a product life cycle perspective and conducted a strengths, 

weaknesses, opportunities, and threats (SWOT) review to reveal the bleak prospect 

for bulk reefer operators. Arduino et al. (2013) held a different opinion and stated 

that although the conventional reefer ships are gradually replaced by containerships 

in the reefer market, the share of reefer trade depending upon bulk remains significant 

and will be maintained at least in the short-medium term. Rodrigue and Notteboom 

(2014) shared the insight that it is time to develop the initially ignored niche market 



43 
 

of seaborne cold chain which should be the key component in the new phase of the 

global diffusion of containerization since the traditional substitution effect is 

becoming weak. A liner shipping service optimization model proposed by Cheaitou 

and Cariou (2012) is one of the very few quantitative studies in reefer shipment. 

In a nutshell, there has been a growing interest in cold chain management and a lot 

more research should be conducted to understand this area. No study has yet applied 

VBM tools in cold chains. Chapter 4 will bridge this gap by solving the pressing 

mode choice problem in seaborne cold chain from the value-based perspective and 

chapter 5 will employ the same tool to investigate an escalated problem — mode 

choice with speed optimization in seaborne cold chain. 

2.3.3 Sailing speed optimization 

Psaraftis and Kontovas (2013) have conducted a thorough survey of current speed 

models and propose a taxonomy to divide these models into two major categories: 

emissions speed models in which emissions are considered together with other 

considerations and non-emissions speed models in which emissions are neglected. 

Only selective models focusing on speed optimization are discussed in this section 

and the exhaustive list can be found in Psaraftis and Kontovas (2013)’s study. 

All the primal speed models are non-emissions models. Benford (1981) proposes a 

simple approach for non-liner ship owners to deploy a combination of available 

vessels and choose the optimal speeds to minimize the total cost for a revenue fixed 

voyage. Ronen (1982) inspects the impact of bunker price on the optimal speed of a 

single vessel after the oil crisis in the 1970s. Three models for vessels under different 

commercial circumstances are presented by Ronen (1982), namely in the income 

generating leg, in the positioning leg and when the penalty/bonus for late/early arrival 

at the destination ports are taken into account. A linear model for liner operators to 

optimize fleet deployment is proposed by Jaramillo and Perakis (1991), in which the 

speed problem is dealt with as a component of the deployment problem. Fagerholt et 

al. (2015) also optimize the sailing speed for the “soft-time window” case which 

imposes penalties for arrivals specified time windows.  Notteboom and Vernimmen 

(2009) analyze costs per TEU for container lines at various commercial speed, 

number of vessels and different vessel sizes by developing a descriptive cost model. 
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Arguing that most researches focus on the speed optimization for one vessel at a time, 

Ronen (2010) further investigates the relationship between bunker price and 

container line operation. He proposes a procedure for liner operators to balance the 

sailing speed, cycle time and the number of vessels to minimize the total operation 

costs. To continue the speed optimization for a fleet, Wang and Meng (2012) propose 

a mixed-integer nonlinear model to study the optimal speed of a container fleet 

considering transshipment and container routing. 

Emissions speed models did not emerge until the most recent decade. Corbett et al. 

(2009) identify vessel speed reduction as a cost-effective measure to mitigate CO2 

emission and explore how to determine the optimal speed within a profit-maximizing 

function. Other than the traditional non-linear model, Fagerholt et al. (2015) propose 

an alternative solution methodology to investigate the speed driven emission 

reduction issue, in which the arrival times are discretized and the issue is considered 

as a shortest path problem on an acyclic graph. Cariou and Cheaitou (2012) study the 

reduction of CO2 emission attributed to slow steaming in various container trades. 

Although the speed models have gained significant improvements in recent decades 

and have covered different shipping markets, importantly they do not focus on the 

value of the shipment. Time sensitive cargoes have not been considered in the 

literature and no study has been conducted to optimize the sailing speed of reefer 

vessels. This study is the first attempt to address these limitations of the existing 

speed models and investigate the optimal sailing speed in a seaborne cold chain. 

2.4 Information Sharing in Maritime Logistics and Supply Chain Management 

2.4.1 Big Data Analytics in Maritime Industry and Organizations 

Talking about new technology, big data analytics is one of the hottest buzzwords in 

this decade. This section reviews the relevant concepts and its status quo in the 

maritime domain. 

2.4.1.1 Big data analytics 

Till 2003, 5 exabytes (108 bytes) of data were created in the human history and this 

number can be hit in two days now. By the year 2020, 50 billion smart devices will 

be connected to the internet and about 1.7 megabytes (106  bytes) of data will be 
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created every second for every one of us on this planet (Gerhardt et al., 2012). In this 

data exploding era, it is natural for us to link the definition of big data to the size of 

data in storage, but high volume is not the only attribute that defines big data. Big 

data is commonly characterized by the three Vs — volume, velocity and variety. 

Besides high volume -- its primary attribute, the abundance of data variety makes big 

data really “big”. The greater data variety is due to three reasons. Firstly, new sources 

of data are emerging in recent decades. Information such as images posted on social 

networks, GPS signals from cell phones and reading from assorted sensors only 

emerges in very recent years. The other cause is the steadily declining costs of almost 

all the components involved in data processing. Such cost reduction boosts both the 

volume and variety of data by making economic data-intensive approaches available 

(McAfee et al., 2012). Lastly, the gradual digitalization of literally every business 

activity sustainably contributes to the data variety. With the increasing variety, the 

data is evolving from structured database to unstructured or even unwieldy data that 

need to be processed and organized in zettabyte (1021 bytes) level data warehouses. 

The volume and variety cannot surge without the increase of the velocity, which is 

the frequency of data generation (Russom, 2011). The ability of a firm to gain insights 

from real-time, nearly real-time or even stream data can differentiate it from its 

competitors who can only handle batched data. A fourth V, the veracity, has been 

brought up recently by the IBM data scientists to reflect the uncertainty and the 

inconsistent quality of big data. 

These massive, diversified, streaming data with high uncertainty cannot be captured, 

formed, stored, managed, analysed or visualized in the traditional way. The data 

capture, formation, storage, management and even visualization problems are 

gradually being solved by the hardware and software engineers (Lee and Hong, 2016). 

However, the advancement of data analytics can only be achieved within the context 

of a particular industry by talents with both domain knowledge and a broad set of 

quantitative skills (Waller and Fawcett, 2013). Big data analytics refers exactly to the 

operation of such advanced analytics on big data. The advanced analytics toolkits 

include predictive analytics, data mining, statistical analytics and complex SQL as 

well as the emerging tools like artificial intelligence, natural language processing and 

within-data base processing analytics (Russom, 2011). According to (Manyika et al., 
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2011), big data analytics has great potential to create transparency, conduct trials to 

discover needs, expose variability and improve performance, segment populations to 

customize actions, complement or replace human decision model and to innovate 

current business models, products, and services. The areas with great potential are 

identified as healthcare, public sector, retail, manufacturing, personal location data 

(Manyika et al., 2011). Thorough studies have been conducted in these areas to 

investigate how to bridge big data analytics capability with real business value (Wang 

et al., 2018). 

As the potential of big data analytics varies in different areas, the analytics 

capabilities of different organizations can be different, let alone different industries. 

Lavalle et al. (2011) classify organizations into three levels — Aspirational, 

Experienced and Transformed — based on their analytics prowess. The organizations 

on different levels distinguish from each other in terms of “motive”, “functional 

proficiency”, “business challenges”, “key obstacles”, “data management” and 

“analytics in action” (Lavalle et al., 2011). 

2.4.1.2 Big data analytics in the maritime industry 

In the last two centuries, the communication measures in the maritime sector have 

evolved from the initial letters and personal visits, to the switchboards in the 1970s, 

and to the World Wide Web nowadays. Massive and various maritime data is now 

accumulating in a rapid and accurate manner which cannot be imagined in the 20th 

century. These data include both hard data (i.e. structured, quantitative, more 

objective, usually sensed data) and soft data (i.e. unstructured/semi-structured, more 

subjective, qualitative data, such as textual reports on vessel sightings or marine 

incidents) collected in different maritime sectors as shown in Table 2.7 (Falcon et al., 

2014). Different maritime organizations are making efforts to exploit these data and 

attempt to distil constructive information to guide their daily operations and decision 

making. Table 2.8 presents different types of maritime organizations and their 

corresponding utilizations of big data analytics. 
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Table 2.7 Big data in the maritime industry 

Categories Hard Data Soft Data 

Voyage Data Automatically collected data Noon report 

Machinery Data Automatically collected data 

Manual report data 

Maintenance data/ trouble 

data 

Automatic 

Identification 

System (AIS) Data 

Satellite AIS 

Coastal AIS 
 

Weather Data 

Forecast/ past statistics 

Anemometer/ wave 

measurement 

 

Business Data Cargo transport data Customer clearance data 

Source: Modified by Author based on (Kakuta, 2015) 

Table 2.8 Organizations and their applications of big data analytics 

Type of Maritime Organization Applications of Big Data Analytics 

Port and Maritime Authority 

Performance Measurement 

Knowledge Management 

Regulation, Policy and Operations 

Optimization 

Communication and collaboration with 

customers (EDI, Smart booking systems 

at gates, etc.) 

Navy 
Maritime Domain Awareness 

e-Navigation 

Shipping Company: Ship Owner and 

Operator 

Operation Optimization 

Fleet Planning 

Technical Management 

Ship Design Optimization 

Consulting Service Provider 
Ship Tacking Service 

Fleet Management Service 

Source: Author 

The port authority of Rotterdam made a great effort to build a user-friendly platform, 

which automates the daily ingestion of updated assets management data, lands 

records, and nautical data into a common picture by integrating facilities management, 

mobile devices and the port’s corporate information systems. (Noll and Hogeweg, 

2015). Such a system enables the port managers to solve the complex problems more 

efficiently. Chen et al. (2016) proposed a framework to evaluate port performance 

indicators (i.e. ship traffic, container throughput, berth utilization, and terminal 
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productivity) by analysing the large-scale real world GPS traces of container ships 

and other open source data of ships and ports. Most literature in maritime big data is 

focusing on the Maritime Domain Awareness (MDA) and intelligent ship navigation. 

MDA refers to the understanding of regional physical and environmental maritime 

conditions (Falcon et al., 2014). Big data applications have been studied in different 

MDA processes and behaviours including maritime situational awareness (Cazzanti 

and Pallotta, 2015, Shahir et al., 2015), anomaly detection (Pallotta and Jousselme, 

2015, Shahir et al., 2015), trajectory prediction (Plachkov et al., 2016), intent 

assessment and threat assessment (Brüggemann et al., 2016, Santipantakis et al., 

2015). In terms of intelligent navigation, (Tu et al., 2016) surveyed different AIS data 

sources and the potential aspects of maritime navigation that could benefit from these 

data. Kim et al. (2014) built the maritime traffic gridded database for e-Navigation 

by projecting the AIS data on a geographic coordinate system. On the contrary, 

studies are comparatively rare in the maritime commercial use of big data analytics 

(Lambrou, 2016). Shao et al. (2015) converted the empty container exchange problem 

to a maximum matching problem in a large general graph and proposed a distributed 

matching algorithm to solve the problem by mining the container shipment data. Hao 

et al. (2015) introduced the maritime applications of big data analytics and industrial 

internet of things in Northwest Norway. Another batch of studies focused on the 

technical aspect of data exchange and storage in the maritime industry and are mostly 

done by the scholars specialized in electronic engineering or computer science 

(Dellios and Papanikas, 2014, Kanellopoulos et al., 2015, Isenor et al., 2016, Yang et 

al., 2016). 

As shown in the brief literature review, current studies of maritime big data analytics 

are concentrated on maritime surveillance and the researches on civil applications are 

comparatively rare. This is typical when the adoption of a technology is still in its 

primary stage in a particular industry. Although the change is dramatic within the 

maritime industry, the data revolution is relatively sluggish compared with other 

industries. Lavalle et al. (2011) proposed a framework to classify organizations based 

on their adoption level of big data analytics. According to this classification 

framework, most maritime organizations are still on the aspirational level. Table 2.9 

presents the classification framework and maps the status of maritime organizations. 
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This chapter develops a fuzzy Delphi-AHP-TOPSIS framework to identify the 

obstacles for maritime organizations to fully realize the potential of big data analytics. 
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Table 2.9 The big data analytics level of maritime organizations 

 Aspirational Experienced Transformed 

Motive 
• Use analytics to 

justify actions 

• Use analytics to guide 

actions 

• Use analytics to prescribe 

actions 

Functional 

Proficiency 

• Financial 

management and 

budgeting 

• Operations and 

production 

• Sales and marketing 

• All Aspirational functions 

• Strategy/business 

development 

• Customer service 

• Product 

research/development 

• All Aspirational and 

Experienced functions 

• Risk management 

• Customer experience 

• Work force 

planning/allocation 

• General management 

• Brand and market 

management 

Business 

Challenges 

• Competitive 

differentiation 

through innovation 

• Cost efficiency 

(primary) 

• Revenue growth 

(secondary) 

• Competitive differentiation 

through innovation 

• Revenue growth (primary) 

• Cost efficiency (secondary) 

• Competitive 

differentiation through 

innovation 

• Revenue growth 

(Primary) 

• Profitability 

acquiring/retaining 

customers (targeted focus) 

Key 

Obstacles 

• Lack of 

understanding how to 

leverage analytics for 

business value 

• Executive 

sponsorship 

• Culture does not 

encourage sharing 

information 

• Lack of understanding how 

to leverage analytics for 

business value 

• Skills within line of business 

• Ownership of data is unclear 

or governance is unclear or 

governance is ineffective 

• Lack of understanding 

how to leverage analytics 

for business value 

• Management bandwidth 

due to competing priorities 

• Accessibility of the data 

Data 

Management 

• Limited ability to 

capture, aggregate, 

analyze or share 

information and 

insights 

• Moderate ability to capture, 

aggregate and analyze data 

• Limited ability to share 

information and insights 

• Strong ability to capture, 

aggregate and analyze data 

• Effective at sharing 

information and insights 

Analytics in 

Action 

• Rarely use rigorous 

approaches to make 

decisions 

• Limited use of 

insights to guide 

future strategies or 

day-to-day operations 

• Some use of rigorous 

approaches to make decisions 

• Growing use of insights to 

guide future strategies, but still 

limited use of insights to guide 

day-to-day operations 

• Most use rigorous 

approaches to make 

decisions 

• Almost all use insights to 

guide future strategies, and 

most use insights to guide 

day-to-day operations 

Source: Author based on Lavalle et al. (2011) 

Maritime Organizations 
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2.4.2 Information Sharing in Maritime Logistics and Supply Chain 

After reviewing the state quo information structuring and processing measure — big 

data analytics, how the information is shared is also examined. As the key construct 

of the three flows in SCM, information plays an important role in integrating the 

flows among different parties (Sahin and Robinson, 2002) and improving the overall 

supply chain performance (Li et al., 2006). The debate on whether to promote 

information sharing has last for decades (Forrester, 1958, Fiala, 2005, Yu et al., 2010). 

Some scholars believe that shared information would generate direct economic value 

(Lee et al., 2000), facilitate decision making (Sahin and Robinson, 2002, Mohr and 

Spekman, 1994) and enhance supply chain integration and collaboration (Wadhwa 

and Saxena, 2007). While the other stream of academics remains skeptical and 

concerns about the costs and risks of the sharing practice (Kemppainen and 

Vepsäläinen, 2003, Uzzi and Lancaster, 2003, Samaddar et al., 2006, Vanpoucke et 

al., 2009). Li et al. (2005) conducted a comparative analysis of 12 representative 

information sharing models and concluded that information sharing is valuable but 

the value and affecting factors depend on the analytical methods adopted. 

Among the first group of scholars, information sharing is believed to be a value 

generator as it enhances supply chain collaboration (Sahin and Robinson, 2002). 

Information asymmetry is deemed to be the main source of the bull whip effect, which 

describes the distortion and amplification of customer demand upstream in a supply 

chain (Lee et al., 2000). Information sharing could mitigate the bull whip effect by 

reducing the information asymmetry and forming strategic supply chain partnership 

(Angulo et al., 2004, Fugate et al., 2006). Strader et al. (1999) initially employed 

simulation analysis to study the impact of information sharing on supply chain 

performance. The results indicate that supply and demand information sharing could 

effectively improve the order fulfill rate and reduce the inventory cost as well as the 

order cycle time. Gavirneni et al. (1999) proposed three information sharing scenarios, 

namely, non-information sharing (NIS), partial information sharing (PIS) and full 

information sharing (FIS). Infinitesimal perturbation analysis is employed by 

Gavirneni et al. (1999) to investigate the effect of information sharing upon a two-

echelon supply chain under these three scenarios. To quantify the value created by 

information sharing, Lee et al. (2000) proposed a two-echelon supply chain model 
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and proved that the supplier’s costs and inventories could be reduced by sharing the 

demand information. Yu et al. (2002) further investigated the benefit of information 

sharing in a two-echelon supply chain by proposing a a cross-efficiency DEA 

approach. Cheng and Wu (2005) focused on how the inventory and expected cost 

could be reduced by promoting information sharing in a two-echelon supply chain 

with multiple retailers. 

Different studies employ different supply chain performance indicators to examine 

the benefits of information sharing and the inventory level, leadtime and order 

fulfillment rate are the commonly adopted metrics. Yet no research has investigated 

the overall impact of information sharing and limited literature focuses on the value 

of information sharing in a multi-echelon supply chain (Chen et al., 2007). Recent 

information sharing studies tend to investigate the information sharing strategy from 

the perspective of one party (Khan et al., 2016, Shang et al., 2016). To quantify the 

overall supply chain performance could better compare different information sharing 

scenarios and would allow different supply chain parties to evaluate different 

information sharing strategies from their own perspective. This study addresses the 

literature gap by proposing an SD model to evaluate the impact of information 

sharing in a three-echelon supply chain from the VBM perspective, which assesses 

the supply chain performance from a holistic perspective. 

2.5 Conclusion on literature review 

Through the systematic literature review on theories applied in SCVC studies, this 

chapter examines the pattern of theories utilization in this area over time, identified 

pre-dominant theories adopted and spotted the areas in which theory-driven study 

should be encouraged. Building on the analytical results, four suggestions have been 

presented to shed light on future research directions and a conceptual framework is 

proposed to provide a theoretical map of SCVC and to facilitate the future work. 

These findings provide a clear road map of theoretical toolkits in SCVC for future 

research. The following literature review on VBM, seaborne cold chain, and 

information sharing reveals the absence of transportation mode choice and speed 

optimization studies in cold chain management, scarceness of value-based 

optimization studies in supply chain management and a demand for a unified metric 
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to quantify the value of information sharing in SCM. These literature gaps are 

addressed by the following chapters. 
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CHAPTER 3 RESEARCH METHODOLOGY 

With the literature gaps identified and the research objectives designed, the overall 

research process, data collection methods and tools employed in Chapter 4, 5, 6 and 

7 are presented in this chapter. Based on the literature review and the conceptual 

framework proposed in Chapter 2, VBM is chosen as the theoretical tool to optimize 

value creation in seaborne cold chain and EVA is adopted as the performance 

indicator. A value driver tree of EVA in seaborne cold chain is proposed as the 

qualitative foundation for the VBM decision models presented in Chapter 4 and 5. 

This chapter also introduces the proposed fuzzy Delphi-AHP-TOPSIS framework 

and SD, which are employed in Chapter 6 and 7, respectively. 
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3.1 Research Process Flow 

Figure 3.1 illustrates the flow of the overall research process. The research starts with 

a systematic literature review on SCVC and proposes a theoretical conceptual 

framework to guide theory-driven research in SCVC studies. The literature review 

also reveals VBM and information sharing as the promising theory and research topic 

in SCVC area. Since VBM is identified as the theory to be employed and EVA is 

therefore chosen as the performance indicator. To conduct a pioneer study in 

seaborne cold chain from a VBM perspective, a value driver tree of EVA is provided 

as the foundation of VBM decision models. A value-based ILP model and a 

conventional sequential model are proposed based on this value tree. A numerical 

example is presented to compare the performance of the two optimization methods. 

The value-based optimization method is proved to outperform the conventional one 

and therefore is employed to further investigate the seaborne cold chain problem. 

Based on the value driver tree, a more sophisticated model is proposed to guide both 

the mode choice and the speed optimization in seaborne cold chain with 

environmental impact taking into consideration. After the effectiveness and 

application of the VBM tool are well studied, we continue to investigate the 

information sharing in SCM. The first step is to identify the current challenges. A 

fuzzy Delphi-AHP-TOPSIS framework is proposed to understand the hurdles for big 

data analytics, the most advanced measure to gather information, to be adopted by 

organizations in this new era of technology. The proposed framework is used in 

conducting a case study to investigate the barriers for big data analytics to be adopted 

in maritime organizations. The results indicate that the manager’s support is 

indispensable for the new information strategy to be implemented. Therefore, the last 

part of this research aims to show the significance of information sharing by 

employing the VBM tool to quantify the value generated by different information 

sharing strategies. This study provides tangible evidence for managers and 

stakeholders to appreciate the value generated by advanced information technology 

in SCM. 
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Figure 3.1 Overall research process flow 

Source: Author 
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3.2 Data Collection 

The numerical examples used in Chapter 4, 5 and 7 are dummy data modified from 

real-world cases and are supported by solid references. The empirical data used in 

Chapter 6 are collected by conducting a Delphi and AHP survey. The detailed survey 

methods are elaborated in section 3.3.2 and this section mainly introduces the survey 

participants. No consensus has been reached in the literature on the optimal number 

of panellists for a Delphi survey. In this study, we stick to Ludwig (1997)’s principle 

that the number should be sufficient to constitute a representative pooling of 

judgements. Due to our stringent criteria, we have six experts participated in the 

Delphi survey. Two rounds of surveys were completed by all the panellists, the panel 

includes four manager-level data specialists and two scholars with rich experience in 

maritime data analytics. The four data specialists are from different sectors of the 

industry, from R&D department and in-house analytics team of top liner firms to port 

operator and global leading consultancy. In the AHP survey, the importance of each 

the success factor are compared pairwise. The AHP study is based on the surveys 

conducted with 20 carefully selected experts with 14 years of working experience on 

average. The expert panel consists of nine manager-level industry practitioners and 

eleven prestigious scholars from 9 countries. The detailed information of these 

experts can be found in Appendix I. 

3.3 Research Methods 

3.3.1 Value-based Management 

The VBM approach is derived from managerial accounting practices and aims to 

measure and manage business to create lasting value for shareholders by developing 

an integrated framework (Koller et al., 2010, Black and Wright, 2001). Therefore, 

maximizing value-based performance is the explicit objective of VBM. EVA, among 

a variety of value-based performance indicators, is more superior in terms of 

measuring business performance and expressing a value judgement on the company 

(Melis et al., 2014). Therefore, EVA is adopted as the performance metric in this 

study and maximizing EVA is the objective function of the proposed decision model. 

EVA presents the increase in the net present value of a firm, which is the net return 

minus the cost of capital (Lovata and Costigan, 2002). In Equation (3.1), EVA equals 
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net operating profit after tax (NOPAT) minus the net operating assets (NOA) factored 

by the weighted average cost of capital (WACC, notated as 
WACCi  ) — the rate on 

average a company is expected to pay to finance its assets. 

WACCEVA NOPAT NOA i= −         (3.1) 

 

Figure 3.2 A value driver tree of EVA in seaborne cold chain 

Source: Author, with reference to Hahn and Kuhn (2011) 

Although EVA can be easily decomposed into different performance indicators, these 

indicators cannot directly guide daily operations. Only by further breaking these 

indicators into bottom level operational factors, can we optimize the daily operations 

to achieve the maximized value creation. Therefore, an EVA value driver tree as 

shown in Figure 3.2 is proposed to break the top-level indicators into separate 

decision variables at the operational level. Net operating profit results from the 

Revenue deducting the Expenses. For a shipper, the Revenue is reflected as the net 

sales and the value of the reefer cargoes are ultimately affected by the transporting 

time and the temperature fluctuation. Expenses here mainly refer to the voyage cost 

for chartered bulk vessels and liner shipping cost. The voyage cost consists of fixed 

operating cost, bunker cost and port cost. Besides packaging machinery, offshore 

facilities which are not directly associated with the operation, another fixed asset 

would be the specialized reefer vessels if the shipper chooses to own a fleet. Lastly, 

current assets are the accounts receivable and short-term financial investment. 
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According to Walters (1999), operating profit margin and assets utilization are 

considered as the major operational drivers. Operating profit margin is derived from 

the Revenue and the costs of goods sold, while assets utilization is measured by the 

Expenses and the cost of Fixed Assets, operational cash flow and the Current Assets 

factored by the weighted average cost of capital. These value drivers constitute the 

decision framework and are the basis for the decision models proposed in Chapter 4 

and 5. 

3.3.2 Fuzzy Delphi-AHP-TOPSIS Framework 

To identify barriers for the adoption of a new technology or an innovative solution in 

a firm or a particular industry, a fuzzy Delphi-AHP-TOPSIS framework is proposed. 

This three-phase framework incorporates the Delphi method, fuzzy Analytic 

Hierarchy Process (AHP) and the Technique for Order Preference by Similarity to 

Ideal Solution (TOPSIS) in the sequence depicted in Figure 3.3. This framework 

firstly identifies lists of success factors and barriers by conducting the Delphi survey; 

then evaluates relative significance of each success factor and the relationship 

between success factors and the barriers by applying the fuzzy AHP; and lastly ranks 

the barriers following the TOPSIS. A brief introduction of each method and the 

rationale of combining them are presented in this section. 
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Figure 3.3 Fuzzy Delphi-AHP-TOPSIS framework 

Source: Author 
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The initial phase of the framework engages the Delphi method to determine the 

success factors for a new measure to be adopted and the obstacles for its 

implementation. The Delphi method, named after the “Project Delphi”, is widely used 

to acquire convergent experts’ opinion on cross-disciplinary topics, after being 

devised by Dalkey and Helmer (1963). Dalkey and Helmer (1963) introduced the 

Delphi method as a group communication process to solicit new knowledge on a 

particular topic. The topic is normally the “what could/ should be” type rather than 

the “what is” type and the latter is more often addressed by other common surveys. 

Another important character that differentiates the Delphi method from other data 

gathering and analysis techniques is its iterative design (Hsu and Sandford, 2007). 

The iterations are employed to achieve a consensus among the panel, a group of 

selected experts. In addition, the Delphi method possesses two merits. Firstly, it is an 

efficient way to form a discussion and derive consensus among a group of 

geographically separated experts in a particular field. The other advantage is subject 

to its anonymity which can effectively mitigate the dominant individual effect, an 

effect that occurs frequently in group-based information collection (Dalkey, 1972). 

Buckley (1995) stated that the Delphi technique is a great match when the study seeks 

for collective subjective judgements rather than precise analysis. Given the 

advantages and the appropriate application of the Delphi method, it is a good tool to 

compose the repertoire of the success factors and barriers. A standard Delphi survey 

comprises panellists’ selection, initial survey, following surveys (until a consensus is 

reached), data analysis and opinions integration. (Okoli and Pawlowski, 2004). As 

shown in Figure 3.3, the two lists are initially obtained through a thorough literature 

review then revised based on the opinions of the selected experts in our framework. 

The aggregated opinions need to be sent back to panellists for the reconsideration of 

their own response. This process should be repeated until a certain degree of 

consensus is achieved. The collectively accepted lists are the inputs for the next phase. 

The fuzzy AHP is employed in phase II to evaluate the relative significance of each 

success factor and the severity of each obstacle for different success factors. AHP 

and Analytic Network Process (ANP) are powerful synthesis methodologies for 

combining judgment and data to effectively rank options and predict outcomes (Lam, 

2015). The AHP method, pioneered by Saaty in 1971 and compiled in 1980, conducts 
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pair-wise comparison for a set of objects and elicits a priority vector to facilitate 

decision-making (Saaty, 1980). The strength of this analytics tool lies in the 

panoramic view of the alternatives that it generates, with respect to each individual 

factor that needs to be considered. The pair-wise comparisons of these alternatives 

and decision factors are based on expert’s perceptions, feelings, and judgements and 

are presented on a semantic scale. Human judgement and the linguistic system will 

inevitably introduce uncertainty and vagueness which need to be handled in a good 

decision-model (Yu, 2002). The fuzzy AHP, therefore, is used in our framework to 

evaluate the significance of each success factor and to get the priority vector of the 

barriers based on their severity.  

Fuzzy AHP is the fuzzy extension of Saaty’s priority theory (Laarhoven and Pedrycz, 

1983), in which triangular membership functions are mostly employed. According to 

Dubois and Prade (1978), a fuzzy subset A can be described by a membership 

function 𝑓𝐴(𝑥) which links each element x in the universe of discourse X to a real 

number in [0,1]. A fuzzy subset is a fuzzy number if its membership function satisfies: 

(1) for all 𝑥 ∈ (−∞, 𝛼] ∪ [𝛿, ∞), 𝑓(𝑥) = 0; (2) for [𝛽, 𝛾] within [𝛼, 𝛿], 𝑓(𝑥) = 1 for 

all 𝑥 ∈ [𝛽, 𝛾]; and (3) 𝑓(𝑥) is strictly increasing on [𝛼, 𝛽] and strictly decreasing on 

[𝛾, 𝛿] (Liang and Wang, 1994). A triangular fuzzy number is a fuzzy number with 

the membership function of: 

𝑓𝐴(𝑥) {
(𝑥 − 𝛼) (𝛽 − 𝛼)⁄ , 𝑥𝜖[𝛼, 𝛽],

(𝑥 − 𝛿) (𝛾 − 𝛿⁄ ), 𝑥 ∈ [𝛾, 𝛿],   
0,      𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

     (3.2) 

where 𝛼 ≤  𝛽 =  𝛾 ≤ 𝛿. A triangular fuzzy number can be denoted by A = (𝛼, 𝛽, 𝛿) 

and has been used extensively to approximate linguistic values due to its intuitive 

expression. The fuzzy logic has also been applied in many applications to handle the 

imprecise data (Iris and Cevikcan, 2014). In our framework, a standard AHP method 

is applied within the fuzzy domain by applying triangular fuzzy numbers to handling 

the vagueness and impreciseness of human’s judgements. 

Laarhoven and Pedrycz (1983) and Chang (1996) elicited the fuzzy AHP priority 

vectors in different approaches. The extent analysis method (EAM) proposed by 

Chang (1996) is preferred over Laarhoven and Pedrycz (1983)’s logarithmic least 
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squares method (LLMS) in this study since EAM is better than the LLSM at time 

complexity. The relevant concepts and the steps of the EAM are elaborated as follows: 

The basic operational laws of two fuzzy triangular numbers 𝐴1 = (𝛼1, 𝛽1, 𝛿1) and 

𝐴2 = (𝛼2, 𝛽2, 𝛿2): 

(𝛼1, 𝛽1, 𝛿1) ⊕ (𝛼2, 𝛽2, 𝛿2)=(𝛼1 + 𝛼2, 𝛽1 + 𝛽2, 𝛿1 + 𝛿2)   (3.3) 

(𝛼1, 𝛽1, 𝛿1) ⊙ (𝛼2, 𝛽2, 𝛿2) ≈ (𝛼1 ⋅ 𝛼2, 𝛽1 ⋅ 𝛽2, 𝛿1 ⋅ 𝛿2)   (3.4) 

(𝛼1, 𝛽1, 𝛿1)−1=(1/𝛿1, 1/𝛽1, 1/𝛼1)      (3.5) 

Fuzzy synthetic extent value: 

According to Chang (1996), m extent analysis values, triangular fuzzy numbers as 

shown in Equation (3.6), can be obtained for an object set 𝑋 =  {𝑥1, 𝑥2, … , 𝑥𝑛} and a 

goal set 𝑈 =  {𝑢1, 𝑢2, … , 𝑢𝑚}.  

𝑀𝑔𝑖

1 , 𝑀𝑔𝑖

2 , … , 𝑀𝑔𝑖

3 , 𝑖 = 1, 2, … , 𝑛      (3.6) 

The fuzzy synthetic extents value for the ith object can be calculated following 

Equation (3.7). 

𝑆𝑖 = ∑ 𝑀𝑔𝑖

𝑗𝑚
𝑗=1 ⨀[∑ ∑ 𝑀𝑔𝑖

𝑗𝑚
𝑗=1

𝑛
𝑖=1 ]

−1
      (3.7) 

Priority vector: 

The degree of possibility of 𝑀1(𝛼1, 𝛽1, 𝛿1) ≥ 𝑀2(𝛼2, 𝛽2, 𝛿2) can be calculated as 

follows. 

𝑉(𝑀1 ≥ 𝑀2) = ℎ𝑔𝑡(𝑀1 ∩ 𝑀2) = {

1                                     𝑖𝑓 𝛽1 > 𝛽2,
0                                     𝑖𝑓 𝛼2 > 𝛿1,

𝛼2−𝛿1

(𝛽1−𝛿1)−(𝛽2−𝛼2)
           𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (3.8) 

While the degree of possibility of 𝑀 ≥ 𝑀1, 𝑀2, … , 𝑀𝑘, for convex fuzzy numbers M 

and 𝑀𝑘, is defined by  

𝑉(𝑀 ≥ 𝑀1, 𝑀2, … , 𝑀𝑘) = 𝑉[(𝑀 ≥ 𝑀1)𝑎𝑛𝑑 (𝑀 ≥ 𝑀2)𝑎𝑛𝑑 … 𝑎𝑛𝑑 (𝑀 ≥ 𝑀𝑘)] 

= min 𝑉(𝑀 ≥ 𝑀1), 𝑖 = 1,2, … , 𝑘.      (3.9) 
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Then the weight vector for n objects can be derived as: 

𝑊′ = [𝑚𝑖𝑛𝑉(𝑆1 ≥ 𝑆𝑘), 𝑚𝑖𝑛𝑉(𝑆2 ≥ 𝑆𝑘), … , min 𝑉(𝑆𝑛 ≥ 𝑆𝑘)]𝑇  (3.10) 

The normalized weighted vector W, a non-fuzzy number, is the priority vector. 

The priority vectors of each barrier for different success factors can be calculated in 

the following steps. 

• Step 1: Calculate the synthetic extent values of each success factor. 

• Step 2: Derive the weighted vector of success factors. 

• Step 3: Get the matrix of the synthetic extent values of each barrier’s impact 

on every success factor. 

• Step 4: Get the weighted vector of each barrier and factored by the weighted 

factor generated in Step2. 

• Step5: Obtain the priority vectors via normalization. 

The final ranking of the barriers is derived by applying the TOPSIS. TOPSIS is 

introduced by Hwang and Yoon (1981) as a multiple criteria decision-making method, 

a method that rates solutions from a finite set of alternatives. The principle of this 

simple ranking method is to choose the alternative that simultaneously possesses the 

farthest distance from the negative-ideal solution and the shortest distance from the 

positive ideal solution (Behzadian et al., 2012). TOPSIS does not require the attribute 

preferences for the decision alternatives to be independent and is frequently applied 

to complement other decision methods (Tavana et al., 2013). Hsieh et al. (2006) 

initially applied TOPSIS after AHP to avoid the tie ranking predicament. The AHP-

TOPSIS method has been used to solve various problems including evaluation of 

hazardous waste transportation firms (Gumus, 2009) and cold chain performance 

improvement (Joshi et al., 2011). The TOPSIS is incorporated in our framework for 

the same rationale. The stepwise procedure of TOPSIS, according to Hwang and 

Yoon (1981), is briefed as follows. 

• Step 1: Construct the weighted normalized decision matrix. 

• Step 2: Identify the positive and negative ideal solutions. 
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• Step 3: Calculate the distances from both positive and negative ideal solutions 

for each alternative. 

• Step 4: Determine the relative closeness of each alternative to the ideal 

solution. 

Another multicriteria decision method — VIKOR is used to check the consistency of 

the final ranking. Like TOPSIS, VIKOR is also representing the closeness to the ideal 

option by using an aggregating function. However, VIKOR and TOPSIS use different 

normalization and aggregation approaches. VIKOR uses linear normalization and an 

aggregation of all criteria, considering the relative importance of the criteria as well 

as the balance between total and individual satisfaction. While TOPSIS normalize 

vectors and aggregate the distances from the ideal point and the nadir point 

(Opricovic and Tzeng, 2004). The consistency between the results generated by these 

two methods will lend credibility to the final ranking. The VIKOR procedure consists 

of the following steps: 

• Step 1: Determine the best and worst values of all criterion function. 

• Step 2: Compute the the maximum group utility and the minimum individual 

regret of the opponent values. 

• Step 3: Compute the ranking values with the introduced weight of strategy of 

the maximum group utility and the minimum individual regret of the 

opponent values. 

• Step 4: Rank the alternatives, sorting by the maximum group utility, the 

minimum individual regret, and the ranking values, in decreasing order. 

• Step 5: Propose as a compromise solution the alternative (A’) which is ranked 

the best by the minimum ranking value if it satisfies the “acceptable advantage” 

and “acceptable stability in decision making” conditions. 

3.3.3 System Dynamics 

System dynamics, proposed by Forrester (1958) as Industrial Dynamics about six 

decades ago, has been considerably developed since then and becomes a legitimate 

tool of management science (Sahin, 1980). SD is suitable for analyzing and solving 
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complex problems in living systems and it has been widely applied in various 

domains, including, but not limited to, corporate planning and policy design, 

economic behavior public management and policy, energy and the environment, 

dynamic decision making, complex non-linear dynamics, software engineering, and 

supply chain management (Towill, 1996, Akkermans et al., 1999). After the first SD 

model in SCM was proposed by Forrester 1958, the application of SD in SCM has 

been suspended for a few decades until recent years (Angerhofer and Angelides, 

2000). The re-emergence of SD’s application in SCM may attribute to the shifting 

focus in SCM research to integrated SCM. In recent years, SD has been employed to 

investigate the value created by information integration systems (e.g. VMI, e-SCMs) 

in SCM (Disney and Towill, 2003, Ovalle and Marquez, 2003, Machuca and Barajas, 

2004, Fiala, 2005) Agarwal et al., 2006; Wilson, 2007). This is the first study that 

applies SD models in analyzing information sharing in a multi-echelon E-Commerce 

supply chain from the VBM perspective. The main steps for building this information 

sharing SD model is briefed as follows based on the modeling steps introduced by 

Sterman 2000. 

• Step1 Problem Articulation: three models are built to investigate the value 

created by different information sharing strategies. 

• Step 2 Formulation of Dynamics Hypothesis: shared information adds value 

for all the supply chain players. 

• Step 3 Formulation of Simulation Model: the models are illustrated in Chapter 

7. 

• Step 4 Testing: scenarios analysis is presented in Chapter 7. 

• Step 5 Policy Design and Evaluation: implications and recommendations are 

discussed at the end of Chapter 7.  

3.4 Conclusion on research methodology 

This chapter outlines the overall research process and the research methods devised 

for the studies in the following chapters. The internal logic between different chapters 

is well illustrated by the research process flow chart. VBM is introduced in detail and 
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the rationale of choosing EVA as the value-based performance indicator is well 

demonstrated. The EVA value driver tree for seaborne cold chain is presented as the 

basis of the two decision models presented in Chapter 4 and 5. The fuzzy Delphi-

AHP-TOPSIS framework employed in Chapter 6 is also introduced with detailed 

action steps. In the end, system dynamics is briefed and will be applied in Chapter 7. 
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CHAPTER 4 SHIPPING MODE CHOICE IN COLD CHAIN FROM A VALUE-

BASED MANAGEMENT PERSPECTIVE 

 

The competition between bulk and containers in seaborne cold chains has become 

increasingly intensified in recent years. This chapter aims to investigate the modal choice 

between reefer bulk and container vessels by applying the VBM tool in cold chain 

management. Based on the value driver tree presented in Chapter 3, a value-based 

decision model is developed for operational and financial planning with Economic Value 

Added as the objective function. The commodity character and the voyage distance are 

identified as the main factors that affect the modal choice. The model proposed in this 

chapter serves as a decision supporting tool for industry practitioners and provides 

scholars a different theoretical perspective to tackle cold chain problems.2 

  

                                                                 
2 The following publication from author is based on part of this chapter: 

Zhang, X. and Lam, J.S.L. (2018). Shipping mode choice in cold chain from a value-based management 

perspective. Transportation Research Part E: Logistics and Transportation Review, 110, 147-167. 
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4.1 Decision Model 

Based on the value driver tree, a decision model is developed to optimize transportation 

planning between chartering reefer bulk vessels and employing liner reefer container 

services. A conventional planning method is also presented as a comparison. Reefer bulk 

ship is a specialized vessel designed to carry temperature-sensitive cargoes and an entire 

vessel is commonly used to carry one homogeneous commodity. The advantage of this 

type of traditional reefer ship lies on its cheap freight (Arduino et al., 2015). On the 

contrary, reefer container, which can be carried by modified containerships with electric 

power socket, compensates its high operation cost by high sailing speed, less loading/ 

unloading time and ability to accommodate various temperature levels. This model 

compares the reefer bulk with the liner reefer container service from the shipper’s 

perspective. EVA is chosen as the objective function to maximize the value-based 

performance of the shipper, a commodity trader. Multi-way transportation planning is 

optimized between multiple ports of origin and destination. The shipper can choose to 

charter reefer bulk vessels or buy liner reefer container service. The model calculates the 

quantity of products transported in two different modes in different periods subject to 

both operational and financial constraints. Since the model only covers a mid-term 

perspective (months, up to one year), the time value of money is not considered and only 

current assets and liabilities are modelled as decision variables in the financial aspect. 

To limit our research scope, assumptions, as follows, are made accordingly. 

1. Liner reefer container service is available once a week in all the ports of origin 

and the cost is on a daily basis per TEU. 

2. Reefer bulk vessel is available for chartering every the other day and the 

chartering cost is charged based on voyage. 

3. The financial status is reviewed on a monthly basis, and the monthly cash flow 

and short-term debt should meet the criteria set by the bank. 

4. Both bulk and container reefer vessels sail at their designed speed.  

5. A discount 𝜃𝐴𝑃is offered by the supplier if the shipper pays for the procurement 

one month in advance. In the same manner, a discount 𝜃𝐴𝑅is available for the 
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clients who pay the shipper for their order one month in advance (Hahn and Kuhn, 

2011). 

6. The demands in the destination ports will be catered on weekly basis and backlog 

is not allowed, and the inventory cost is not considered in the model due to the 

short demand interval. 

7. The demand of the products depends on their freshness, which declines 

exponentially with the time elapsed (You, 2005). Such demand shrink is directly 

reflected in the depreciated price. 

The notation used in this model is presented as follows. 

Parameters and sets 

O Set of all origin ports, 𝑂 ∈ {1, 2, … , 𝑄}, where Q is the number of 

origin ports 

P Set of all destination ports, 𝑃 ∈ {1, 2, … , 𝑁} , where N is the 

number of destination ports 

L Set of all the legs the origin ports and destination ports, where  𝐿 ∈
{(1, 1), (1, 2), … , (𝑄, 𝑁)} 

T Set of 1-day periods, 𝑇 ∈ {1,2, … , 𝐻}, where H is the end of the 

planning horizon 

𝑇𝐷 Set of dates when the bulk vessel chartering is available, where 

𝑇𝐷 ∈ {2, 4, … , 2⌊
𝐻

2
⌋} ∈ 𝑇 

𝑇𝑊 Set of dates when the reefer container service is available, where 

𝑇𝑊 ∈ {7, 14, … , 7⌊
𝐻

7
⌋} ∈ 𝑇 

W Set of one-week periods, where W∈ {1, 2, … , ⌊
𝐻

7
⌋} 

M Set of one-month periods, where 𝑀 ∈ {1, 2, … , ⌊
𝐻

30
⌋} 

B Set of all reefer bulk vessel types, 𝐵 ∈ {1,2, … , 𝑅}, where R is the 

number of available reefer bulk vessel types 

z Tax rate 

𝑖𝑤𝑎𝑐𝑐 Weighted average cost of capital 

𝛽 Intensity of daily price discount 

𝛼 Average balance of net operating fixed assets  

휀𝑚 Fixed costs in month 𝑚 ∈ 𝑀    

𝛾𝑜𝑝
𝑏  Sailing time (in days) for leg  (𝑜, 𝑝) ∈ 𝐿 , by bulk reefer vessel  𝑏 ∈

𝐵 

𝛾𝑜𝑝
𝑦

 Sailing time (in days) for leg  (𝑜, 𝑝) ∈ 𝐿 by container reefer vessel 

𝑐𝑎𝑝𝑌𝑏 Capacity of bulk reefer vessel  𝑏 ∈ 𝐵 

𝑣𝑜  Initial price of the cargo at port 𝑜 ∈ 𝑂 

𝑣𝑝  Price of the cargo without depreciation at port  𝑝 ∈ 𝑃 
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𝑣𝑜𝑝
𝑏  Depreciated cargo price transported by bulk reefer vessel  𝑏 ∈ 𝐵 

via leg  (𝑜, 𝑝) ∈ 𝐿; 

( )expb b

op p opv v  = − , ( ),  ,  , o p L p P b B        (4.1) 

𝑣𝑜𝑝
𝑦

 Depreciated cargo price transported by container reefer vessel via 

leg  (𝑜, 𝑝) ∈ 𝐿 ;  

( )expy y

op p opv v  = − , ( ),  ,  , o p L p P b B        (4.2) 

𝛿𝑜𝑝
𝑏  Single-trip chartering cost for bulk reefer vessel 𝑏 ∈ 𝐵  on leg 

 (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
𝑦

 Freight per TEU by container reefer vessel on leg (𝑜, 𝑝) ∈ 𝐿 

𝜃𝐴𝑃 Early payment discount offered by the supplier 

𝜃𝐴𝑅 Early payment discount offered to the client 

𝑑𝑝𝑤  Demand of the cargo at port  𝑝 ∈ 𝑃 in week  𝑤 ∈ 𝑊 

𝑖𝐹𝐼 Interest rate for short-term financial investment 

𝑖𝐷𝑆 Interest rate for short-term debts 

𝐷𝑆𝑚𝑎𝑥 Bank line of credit 

𝐶𝑚𝑖𝑛 Minimum cash position required by the bank 

𝑓𝑖0 Initial position in short-term financial investments 

𝑐0 Initial position in cash 

𝑑𝑠0 Initial position in short-term debts 

𝑎𝑝0 Initial position in accounts payable 

𝑎𝑟0 Initial position in accounts receivable 

𝑐𝑎0 Initial current assets; 
0 0 0 0 0   ca fi ar c ap= + + −      (4.3) 

𝑒𝑐𝑚  Exogenous cash flow in month  𝑚 ∈ 𝑀 

 

Decision variables 

𝑋𝑜𝑚 ∈ ℝ+ Quantity of cargo purchased at port 𝑜 ∈ 𝑂 in month  𝑚 ∈ 𝑀 

𝑌𝑜𝑝𝑡
𝑏 ∈ ℝ+ Quantity of cargo shipped by bulk reefer vessel  𝑏 ∈ 𝐵  via leg 

 (𝑜, 𝑝) ∈ 𝐿 in period  𝑡 ∈ 𝑇 ∪ {0}, 0 is the dummy period 

𝑌𝑜𝑝𝑡
𝑦

∈ ℤ+ Quantity of cargo shipped by container reefer vessel via leg 

 (𝑜, 𝑝) ∈ 𝐿 in period 𝑡 ∈ 𝑇 ∪ {0}, 0 is the dummy period 

𝑁𝑜𝑝𝑡
𝑏 ∈ ℤ+ Number of bulk reefer vessel  𝑏 ∈ 𝐵 deployed via leg  (𝑜, 𝑝) ∈ 𝐿 

in period 𝑡 ∈ 𝑇 ∪ {0}, 0 is the dummy period 

𝐹𝐼𝑚 ∈ ℝ+ Position in short-term financial investments at the end of month 

 𝑚 ∈ 𝑀 

𝐶𝑚 ∈ ℝ+ Cash balance at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐷𝑆𝑚 ∈ ℝ+ Short-term debt at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐴𝑃𝑚 ∈ ℝ+ Payable accounts at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐴𝑅𝑚 ∈ ℝ+ Receivable accounts at the end month  𝑚 ∈ 𝑀 ∪ {0} 

𝐴𝑃𝑚 
′ ∈ ℝ+ Early payment to the supplier for the procurement in the next month 

𝐴𝑅𝑚
′ ∈ ℝ+ Early payment from the client for the delivery in the next month 
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Auxiliary variables expression 

Net sales in month 𝑚 ∈ 𝑀 : 

( ) ( )

30 30

  (max{ ,0}) (max{ ,0})
30 29 ,     30 29 ,  

b y
op op

t m t m

b b y y

m op opop t op t
t m o p L b B t m o p L

NS Y v Y v
 

= =

− −
= −   = − 

=  +      , m M    (4.4) 

Variable cost in month  𝑚 ∈ 𝑀 ∶ 

30 30

(max{ ,0}) (max{ ,0})
:( , ) 30 29 ( , ) 30 29 ( , )

30
'

(max{ ,0}) (max{ ,0})
30 29 ( , ) 30 29 ( , )

( )b y
op op

b y
op op

t m t m
b y

m oop t op t
o o p L t m o p L b B t m o p L

t m t
b b y y

op op mop t op t
t m o p L t m o p L

VC Y Y v

N Y AP

 

 
 

= =

− −
 = −   = − 

=

− −
= −  = − 

= +  +

 +  −

     

  
30

' ,
m

AP AR

mAR m M 
=

 +    (4.5) 

Total contribution margin in month  𝑚 ∈ 𝑀 ∶ 

      –  m m mTCM NS VC= , m M         (4.6) 

Cash flow from operations in month  𝑚 ∈ 𝑀 ; 

( ) ( )

30 30

   

30 29 ,     30 29 ,  

t m t m
b b y y

m om o opt op opt op

o O t m o p L b B t m o p L

OCF X v N Y 
= =

 = −   = − 

=  +  +       , m M   (4.7) 

Open items management in month  𝑚 ∈ 𝑀 ; 

( ) ( )' '

1   1  1 1 , AR AP

m m m m mOM AR AR AP AP m M − −= + − − − −       (4.8) 

Short-term financial management in month  𝑚 ∈ 𝑀 ; 

( ) ( )  1 11 1FI DS

m m m m mFM FI i FI DS i DS− −=  + − −  + + , m M      (4.9) 

Operating net current assets at the end of month  𝑚 ∈ 𝑀 ; 

 m m m m mCA FI AR C AP= + + − , m M        (4.10) 

 

4.1.1 Value-based Approach 

The value-based model is presented as follows. 

Objective function 
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( ) ( )  1

30 30

(max{ ,0}) (max{ ,0})
30 29 ( , ) 30 29 ( , )

0(max{ ,0})
30 29 ( , )

max 1 ( )

(

(

b y
op op

b
op

WACC

m m m

m M m M

t m t m
b b y y

op opop t op t
m M t m o p L o O b B t m o p L o O

t
b

op t
t m o p L b B

EVA TCM z CA i

Y v Y v

Y v

 



  −

 

= =

− −
 = −    = −  

=

−
= −  

= −  − − + 

=  +  −



 

      

 
30 30

0(max{ ,0})
:( , ) 30 29 ( , )

30 30

(max{ ,0}) (max{ ,0})
30 29 ( , ) 30 29 ( , )

' '

1 1

)

) (1 ) (

y
op

b y
op op

m t m
y

op t
o o p L t m o p L

t m t m
b b y y

op opop t op t
t m o p L t m o p L

AP AR

m m m m m m

Y v

N Y

AP AR z FI AR C



 
 

   

=

−
 = − 

= =

− −
= −  = − 

− −

+  −

 +  +

 −  −  − − + − +

   

   

1 1)
WACC

m

m M

AP i− −



−   (4.11) 

subject to: 

( 1)b b b b b

opt opt optN capY Y N capY−     , ( ),  ,  , t T o p L b B         (4.12) 

( ),  

0y

opt

o p L

Y


= , \ Wt T T          (4.13) 

( ),    

0b

opt

o p L b B

N
 

=  , \ Dt T T          (4.14) 

( ) ( )

30 30

 

30 29 : ,     30 29 : ,  

t m t m
b y

opt opt om

t m p o p L b B t m p o p L

Y Y X
= =

= −   = − 

+ =     , , m M o O       (4.15) 

( ) ( )

7 7

 (max{ ,0}) (max{ ,0})
7 6 : ,     7 6 : ,  

b y
op op

t w t w
b y

pwop t op t
t w o o p L b B t w o o p L

Y Y d
 

= =

− −
= −   = − 

+ =     , ,  w W p P     (4.16) 

0 0b

opY = , ( , ) ,o p L b B            (4.17) 

0 0y

opY = , ( , )o p L           (4.18) 

( ) ( )

30 30
'

1(max{ ,0}) (max{ ,0})
30 29 ,     30 29 ,  

b y
op op

t m t m
b b y y

op op m mop t op t
t m o p L b B t m o p L

Y v Y v AR AR
 

= =

−− −
= −   = − 

 +  = +     , m M   (4.19) 

( ) ( )

30 30

   

30 29 ,     30 29 ,  

t m t m
b b y y

om o opt op opt op

o O t m o p L b B t m o p L

X v N Y 
= =

 = −   = − 

 +  +  =     
'

1m mAP AP −+ , m M  (4.20) 

  1m m m m mC C OCF OM FM−= − + + , m M        (4.21) 

  

max

mDS DS , m M          (4.22) 
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min

mC C , m M           (4.23) 

0

0FI fi=           (4.24) 

0

0C c=           (4.25) 

0

0DS ds=           (4.26) 

0

0AP ap=           (4.27) 

0

0AR ar=           (4.28) 

0

0CA ca=           (4.29) 

'

0 0AP =           (4.30) 

'

0 0AR =           (4.31) 

 , , 0b y

om opt optX Y Y  , ( ),  , ,  ,   , t T m M o p L o O b B             (4.32) 

1,2,...,

pw

w W p Pb
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Equation (4.11) is the expanded form of the objective function to maximize the EVA 

which is defined in Equation (3.1) as the net operating profit after tax NOPAT deducted 

by the capital cost. NOPAT is the difference between total contribution margin TCM 

minus fixed costs ε after tax at rate z, in which TCM equals to net sales NS minus the 

variable cost VC as shown in Equation (4.6). NS, as in Equation (4.4), is the revenue 

generated by the cargoes sold in all the destination ports within a certain period, and VC, 

shown in Equation (4.5), consists of the procurement and transportation cost of the sold 

commodities plus the discount given to the early payment clients deducting the early 
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payment discount offered by the suppliers. It is worth noting that the NS is calculated 

based the depreciated price in each destination port and Equations (4.1) and (4.2) 

demonstrate how the price depreciates accordingly due to transportation time based on 

the price discount intensity β. The capital cost is the invested capital factored by the 

weighted average cost of capital 𝑖𝑊𝐴𝐶𝐶 while fixed assets α and current assets CA add up 

to invested capital. CA refer to the assets that can reasonably expect to be liquidized 

within one year, in our model CA includes short-term financial investment FI, accounts 

receivable AR and cash flow C minus accounts payable, as shown in Equation (4.10).  

Constraints in this model can be categorized into two groups. Constraints (4.12) - (4.20) 

are the limits from the operational perspective, and Constraints (4.21) – (4.31) present the 

financial constraints. Constraint (4.12) ensures all the bulks are chartered on vessel basis. 

The time windows for container and bulk deployment are restricted in Constraints (4.13) 

and (4.14), respectively. The mass balance is ensured by Constraint (4.15), while 

Constraint (4.16) caps the demand for each destination port. Constraints (4.17) and (4.18) 

initialize the value at the beginning of the planning period. Accounts receivable and 

accounts payable are defined by Constraints (4.19) and (4.20), respectively. Cash flow C 

is introduced by Constraint (4.21), in which cash flow from operations OCF, open items 

management OM and short-term financial management FM are defined in Equations (4.7), 

(4.8) and (4.9). OCF consists of cash payment for the procurement and freight occurred 

within the month. OM is cash flow carried from last month AR deducting AP plus the 

discounted AR’ this month deducting the AP’ after discount. FM consists of the difference 

between the short-term investments FI and short-term borrowing DS with interest rates 

𝑖𝐹𝐼  and 𝑖𝐷𝑆, respectively. Constraints (4.22) and (4.23) present the bank line of credit 

𝐷𝑆𝑚𝑎𝑥  and a minimum cash position  𝐶𝑚𝑖𝑛 restricted by the bank and (4.21). The initial 

status of all the financial variables is set by Constraints (4.24) – (4.31). Definition of 

domains (4.32) and (4.35) ensure all the variables to be non-negative and Constraints 

(4.33) – (4.34) indicate the integer variables. This MILP model covers both physical and 

financial flows in seaborne cold chains and can be used by cold chain designers and 

managers for decision making. 
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4.1.2 Sequential Approach 

As shown above, the value-based approach (VA) deals with the profit and the financial 

flow simultaneously and maximizes the added value integrally. To demonstrate the 

strength of the proposed approach, a traditional optimization process is introduced in this 

subsection as a comparison. In a conventional planning process, the optimization is split 

up into a two-step decision sequence (Hahn & Kuhn, 2011). The sequential approach (SA) 

is briefly introduced as follows. 

The first step is to maximize the profit by optimizing the procurement and the shipping 

mode choice. The objective function of decision model SA-1 is to maximize the total 

contribution margin as shown in Equation (4.36). The decision model SA-1 should be 

solved under the Constraints (4.12) – (4.18), (4.32) – (4.34) and (4.37). In Constraint 

(4.37), the gains and losses due to early payment are not included in the variable cost VC. 

This factoring gains and losses are part of the net working capital management 

optimization in the next decision phase. 

Objective function 

 max m

m M
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Constraints (4.12) – (4.18) and (4.32) – (4.34). 

The second step is to optimize the financial flows with the operational cash flow 

calculated based on the optimized material flows as the output of the SA-1 model. The 

objective function of SA-2 is to maximize the net working capital at the end of the 

planning horizon T. Brealey et al. (2009) defined net working capital as the net current 

assets CA subtracted by short-term debt DS as shown in Equation (4.38). Constraints for 

SA-2 model are (4.19) – (4.31), (4.34) and (4.39) – (4.42). In Constraints (4.39) – (4.42), 

the procurement and shipping mode choice variables are the optimal results of SA-1. 
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Objective function 

max T TCA DS−          (4.38) 

subject to: 
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Constraints (4.19) – (4.31) and (4.35). 

4.2 Numerical Example 

In this Section, a numerical example is used to demonstrate this model. This example considers 

the transportation planning between two ports of origin and three ports of destination over one 

year. Three types of reefer bulk vessels are available to sail every other day and liner reefer 

container service is available at the end of a week. The main parameters used in this model are 

listed in Table 4.1 and Figure 4.1 illustrates the schedule of the liner service and three types of 

reefer bulk vessels. 

Table 4.1 Parameters in the numerical example 

O 𝑂 ∈ {1, 2} 

P 𝑃 ∈ {1, 2, 3}, 

L 𝐿 ∈ {(1, 1), (1, 2), (1,3), (2,1), (2,2), (2,3)} 

T 𝑇 ∈ {1,2, … ,365},  

𝑇𝐷 𝑇𝐷 ∈ {2, 4, … , 364} ∈ 𝑇 

𝑇𝑊 𝑇𝑊 ∈ {7, 14, … , 364} ∈ 𝑇 

W W∈ {1, 2, … ,   52} 

M 𝑀 ∈ {1, 2, … ,   12}  

B 𝐵 ∈ {1,2,3} 

z 24% 

𝑖𝑤𝑎𝑐𝑐 6% 

𝛽 0.97% 

𝛼 5,000,000 USD 

휀𝑚 100,000 USD    ∀𝑚 ∈ 𝑀 

𝛾𝑜𝑝
1  [8, 10, 16, 20, 24, 27] days for leg  (𝑜, 𝑝) ∈ 𝐿 

𝛾𝑜𝑝
2  [5, 9, 14, 18, 21, 22] days for leg  (𝑜, 𝑝) ∈ 𝐿 
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𝛾𝑜𝑝
3  [4, 7, 12, 16, 17, 18] days for leg  (𝑜, 𝑝) ∈ 𝐿 

𝛾𝑜𝑝
𝑦

 [3, 6, 10, 12, 14, 16] days for leg  (𝑜, 𝑝) ∈ 𝐿  

𝑐𝑎𝑝𝑌𝑏 [1000, 750, 500] TEU for bulk type  𝑏 ∈ 𝐵 

𝑣𝑜  [8000, 6000] USD/TEU at port 𝑜 ∈ 𝑂 

𝑣𝑝  [13000, 14000, 15000] USD/TEU at port  𝑝 ∈ 𝑃 

𝛿𝑜𝑝
1  [325,000, 850,000, 1,550,000, 1,900,000, 2,250,000, 2,600,000] 

USD/Voyage on leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
2  [243,750, 637,500, 1,162500, 1,425,000, 1,687,500, 

1,950,000USD/Voyage on leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
3  [227,500, 520,000,870,000,1,045,000, 1,220,000, 1,395,000] 

USD/Voyage on leg  (𝑜, 𝑝) ∈ 

𝛿𝑜𝑝
𝑦

 [525, 1,050, 1,750, 2,100, 2,450, 2,800] USD/TEU on leg  (𝑜, 𝑝) ∈ 𝐿 

𝜃𝐴𝑃 4% 

𝜃𝐴𝑅 2% 

𝑑𝑝𝑚  Appendix II 

𝑖𝐹𝐼 5% 

𝑖𝐷𝑆 7% 

𝐷𝑆𝑚𝑎𝑥 11,000,000 USDs 

𝐶𝑚𝑖𝑛 2,000,000 USD 

𝑓𝑖0 0 USD 

𝑐0 25,000,000 USD 

𝑑𝑠0 20,000,000 USD 

𝑎𝑝0 10,000,000 USD 

𝑎𝑟0 10,000,000 USD 

𝑒𝑐𝑚  20,000 USD     ∀𝑚 ∈ 𝑀 

Source: Author, with reference to Contchart (2016) 

The tax rate z is set as 24% which is the global average corporate tax rate in 2016. Fixed 

costs are approximately $10,000 per month. Daily cost for liner reefer container service 

is $175 and the one-voyage chartering cost for reefer bulk is depending on the sailing 

distance and the bulk type (Contchart, 2016). Three types of reefer bulk vessels, with 

equivalent capacity of 1000, 750, and 500 TEUs, are available for choice and the sailing 

speed of the reefer bulk vessel is negatively correlated to its capacity. The sailing time 

(including the loading and unloading time) for each leg by different transportation mode 

is tabulated in Table 4.2-Table 4.5 and is further illustrated in Figure 4.1-Figure 4.4. The 

pre-depreciated selling price of the product is the highest in the destination port 3 and the 

lowest in the destination port 1, while the purchasing price is lower in the remote port 2 

of origin. The intensity of price discount when freshness decrease by one unit is assumed 

to be 0.97%. It is assumed that the weekly demand of the product in each destination port 
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follows a normal distribution and the data used in this numerical example is listed in 

Appendix II. 

In the financial aspect, the discounts for early accounts payable and receivable are 4% 

and 2%, respectively. The initial balances of short-term financial investment are 0, $10 

million in receivable accounts, $10 million in payable accounts, $25 million in cash and 

$20 million in short-term debts. Interest rates for short-term investments, short-term 

borrowing (before tax) and weighted average cost per capital (after tax) are 0.5%, 0.7% 

and 0.6%, respectively. The minimum cash required is $2 million and the bank line of 

credit is $11 million. Finally, the monthly exogenous cash flow amounts to $20,000. 
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Figure 4.1 Sailing schedule of reefer container vessel 

Table 4.2 Sailing schedule of reefer container vessel 

Port of Origin Departure Time Arrival Time at Port of Destination 1 Arrival Time at Port of Destination 2 Arrival Time at Port of Destination 3 

Port of Origin 1 Day 7 Day 10 Day 13 Day 17 

Port of Origin 2 Day 7 Day 19 Day 21 Day 23 
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Figure 4.2 Sailing schedule of type 1 bulk vessel 

Table 4.3 Sailing schedule of type 1 bulk vessel 

Port of Origin Departure Time Arrival Time at Port of Destination 1 Arrival Time at Port of Destination 2 Arrival Time at Port of Destination 3 

Port of Origin 1 

Day 2 Day 10 Day 12 Day 18 

Day 4 Day 12 Day 14 Day 20 

Day 6 Day 14 Day 16 Day 18 

Port of Origin 2 

Day 2 Day 22 Day 26 Day 29 

Day 4 Day 24 Day 28 Day 31 

Day 6 Day 26 Day 30 Day 33 
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Figure 4.3 Sailing schedule of type 2 bulk vessel 

Table 4.4 Sailing schedule of type 2 bulk vessel 

Port of Origin Departure Time Arrival Time at Port of Destination 1 Arrival Time at Port of Destination 2 Arrival Time at Port of Destination 3 

Port of Origin 1 

Day 2 Day 7 Day 11 Day 16 

Day 4 Day 9 Day 13 Day 18 

Day 6 Day 11 Day 15 Day 20 

Port of Origin 2 

Day 2 Day 20 Day 23 Day 24 

Day 4 Day 22 Day 25 Day 26 

Day 6 Day 24 Day 27 Day 28 



83 
 

 

Figure 4.4 Sailing schedule of type 3 bulk vessel 

Table 4.5 Sailing schedule of type 3 bulk vessel 

Port of Origin Departure Time Arrival Time at Port of Destination 1 Arrival Time at Port of Destination 2 Arrival Time at Port of Destination 3 

Port of Origin 1 

Day 2 Day 6 Day 9 Day 14 

Day 4 Day 8 Day 11 Day 16 

Day 6 Day 10 Day 13 Day 18 

Port of Origin 2 

Day 2 Day 18 Day 19 Day 20 

Day 4 Day 20 Day 21 Day 22 

Day 6 Day 22 Day 23 Day 24 
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4.2.1 Value-based Approach 

The value-based model consists of 22,729 constraints, 8,784 integer variables and 

6,702 continuous variables. The model is solved with ILOG CPLEX Optimization 

Studio v12.6 CPLEX version 12.5 by using a computer with Intel CoreTM 2 Quad 

processor (3.00 GHz) and 4 GB RAM memory. The average computing time is 

around 3 seconds. With the given inputs, the maximum EVA for one year is $0.676 

billion, and 178,100TEU of cargoes are shipped by chartering reefer bulk vessels and 

171,250TEU of cargoes are shipped by liner reefer container vessels over the entire 

year. The general optimized deployment plan is presented in Figure 4.5, which 

suggests that the utilization of both reefer bulk and container is quite balanced when 

β = 0.97%. The detailed breakdown of different vessel types and the deployment on 

different legs is presented in Figure 4.6 as a benchmark for later sensitivity analysis. 

 

Figure 4.5 Vessel deployment when β =0.97% 
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Figure 4.6 Vessel deployment on different legs when β =0.97% 

4.2.2 Approach Comparison Analysis 

 

Figure 4.7 Value driver tree for scenario β= 0.21% (billion USD) 

The sequential approach yields $0.507 billion EVA, which is 25% lower compared 

to the value-based approach. The average computing time of the sequential approach 
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is around two seconds under the same setting. However, this computing advantage 

cannot offset its deficiency, especially when the value-based approach is already 

efficient enough. Figure 4.7 breaks down the results of both approaches for further 

analysis. Although the value-based approach leads to a lower margin, therefore lower 

NOPAT (-4%), it significantly reduces the capital cost by 50%. The capital cost 

reduction is mainly due to the lower operating current net assets (as shown in Figure 

4.8). Another cause for the high capital cost is the low liquidity of the sequential 

planning approach. The sequential approach leads to a higher operating cash flow 

(+3%), therefore the SA has to use more expensive ways to maintain the cash flow, 

like receiving early payment or debt from the bank. 

 

Figure 4.8 Operating current net assets: value-based approach vs sequential approach 

Scenario analysis has been done for these two approaches for different intensity of 

price discount β and different weighted average cost of capital iwac. The intensity of 

price discount varies from 0.1% to 2.0% compared to the base scenario and the 

weighted average cost of capital from 1% to 9%. The results generated by both 

approaches are summarized in Table 4.6 and Table 4.7. As shown in the Table, a 

higher gap occurs when the β increases or when a higher return of capital is required. 

When the intensity of price discount increases, the advantage gained in NOPAT 

decreases and more factoring source is demanded to maintain the liquidity since the 
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account receivable decreases due to the depreciated selling price. Therefore, the EVA 

yielded by the sequential approach shrinks faster than the one generated by the value-

based approach. In the case of iwac, a higher iwac will consequently lead to higher 

capital costs. The disadvantage of the conventional approach in the financial aspect 

is multiplied when the efficiency of capital utilization is demanded. The next section 

presents the detailed analysis of the optimal strategies developed by value-based 

approach for different scenarios. 

Table 4.6 Results of scenario analysis β 

β 
EVA(billion USD) 

Gap 
VA SA 

0.1% 1.28 1.27 1% 

0.5% 0.95 0.78 18% 

1.0% 0.66 0.50 25% 

1.5% 0.46 0.27 40% 

2.0% 0.29 0.12 58% 

 

Table 4.7 Results of scenario analysis iwacc 

iwacc 
EVA(billion USD) 

Gap 
VA SA 

1% 1.08 1.06 1% 

3% 0.91 0.84 7% 

5% 0.75 0.62 18% 

7% 0.61 0.40 35% 

9% 0.47 0.17 63% 
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4.3. Sensitivity Analysis and Implications 

To have a better understanding of how different variables affect the mode choice, a 

sensitivity analysis is conducted from both operational and financial perspectives. 

The maximized EVA and the vessel deployment are investigated under different 

intensity of price discount β, ranging from 0.1% to 3%, and different weighted 

average cost of capital, ranging from 1% to 17%. 

4.3.1 Sensitivity Analysis of Intensity of Price Discount 

Intensity of price discount is a crucial decision factor for transportation mode choice 

in cold chain management since it decides the value of transit time. Therefore, the 

sensitivity analysis starts by exploring how the intensity of price discount affects our 

final objective. Figure 4.9 presents the change of EVA over different β. As shown in 

the figure, the EVA declines when β increases and turns zero when the β increases to 

3%. A turning point can be observed when β is around 0.9%, after which the EVA 

shrinks steadily at a slower rate. The turning point occurs because of the adjustment 

of the vessel deployment. Before the turning point, the utilization of reefer bulk and 

container vessels keeps changing as shown in Figure 4.10. After the point, the share 

of cargoes is steadily taken over by reefer containers from reefer bulk vessels and the 

EVA decline becomes stable and proportional to the change in β. 

 

Figure 4.9 The change of EVA over different intensity of price discount 

 



89 
 
 

Figure 4.10 well illustrates the change in the utilization rate of reefer bulk and 

container vessels according to different β. As shown in Figure 4.10, 0.97% is a 

threshold for β when two modes are almost equivalent. When the commodity is less 

perishable (with a lower β), using a bulk vessel contributes more to the EVA while 

reefer container vessel is a preferable choice for more perishable cargoes. 

 

 

Figure 4.10 The change of mode choice over different intensity of price discount 

The balance between the bulk and container utilization is not the only choice affected 

by the β. The choice between different bulk types and the route choice also perform 

different patterns with different β. Figure 4.11 shows how the choice between 

different bulk vessel types changes when the β increases. 
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Figure 4.11 The change of bulk vessel type choice over different intensity of price 

discount 

It is found that the smaller and faster vessel is favoured when the β increases, since 

the penalty of long sailing time overweighs the economy of scale. When β increases 

from 0.5% to 0.9% as shown in the embedded chart, although the number of deployed 

type 1 bulk vessels (the big bulk vessel) decreases, more medium and small size bulk 

vessels are deployed to achieve the maximized EVA. Referring back to Figure 4.10, 

it can be concluded that this is the range of β within which the small reefer bulk has 

an edge over the liner service. 

Besides the mode choice and vessel type selection, the route choice for bulk and 

container is also affected by the intensity of price discount. Figure 4.12 and Figure 

4.13 present the impact of β on the bulk and container vessels, respectively. When 

the X increases, both modes eventually abandon the legs connecting the remote port 

(port of origin 2) even the purchasing price is more attractive there. The container 

drops the short-distance leg connecting the remote port (leg<2,1>) with a lower β and 

sticks with the long-distant leg (leg<2,1>) till a later stage. On the contrary, bulk 

drops the three routes from the remote port at similar rates. It illustrates that reefer 

container vessels contribute more to the EVA for a very distant route. 
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Figure 4.12 Route choice of bulk vessels over different intensity of price discount 

 

 

Figure 4.13 Route choice of reefer container over different intensity of price discount 

To summarize, less EVA can be achieved when shipping the same amount of more 

perishable commodities without a rise in price. A reasonable choice between different 

transportation modes can mitigate the loss. Reefer container vessels are more suitable 

for carrying commodities with higher intensity of price discount in short distance or 

extremely long distance, while reefer bulk vessels are a better choice for less 
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perishable goods and are less sensitive to the distance. When β increases, a small and 

swift bulk carrier is preferred over a large one. 

4.3.2 Sensitivity Analysis of Weighted Average Cost of Capital 

In supply chain design and management, optimizing operation processes without 

considering financial constraints only provides impractical solutions. This value-

based model is advanced by integrating the financial aspect in decision making. 

Weighted average cost of capital 𝑖𝑊𝐴𝐶𝐶 plays an important role in our model, which 

represents the required utilization efficiency of the capital. It is not an arbitrary 

number set by the management team but dictated by the external market. Therefore, 

it is important to understand how the mode choice changes when the 𝑖𝑊𝐴𝐶𝐶varies. 

 

Figure 4.14 The change of EVA over different weighted average cost of capital 

As shown in Figure 4.14, there is a linear relationship between the maximized EVA 

and the 𝑖𝑊𝐴𝐶𝐶. When the 𝑖𝑊𝐴𝐶𝐶 reaches around 17%, the EVA becomes negative. 

Figure 4.15 reveals that when the 𝑖𝑊𝐴𝐶𝐶 is high, bulk contributes to a better EVA. 

When the 𝑖𝑊𝐴𝐶𝐶 increases, the small vessel remains the preferable choice as shown 

in Figure 4.16. What differs from the impact of the β on the vessel choice is that the 

increasing 𝑖𝑊𝐴𝐶𝐶 limits the usage of the middle size bulk vessel. 
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Figure 4.15 The change of mode choice over different weighted average cost of 

capital 

 

 

Figure 4.16 The change of bulk vessel type choice over different weighted average 

cost of capital 

In a nutshell, the transportation choice can be affected by both operational and 

financial factors. Hence, for more perishable goods, the time value is high therefore 

the time saved by the container vessels compensates the higher cost and makes the 

reefer container a preferred choice and vice versa. The value delivered by container 
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vessels is also more sensitive to distance comparing to bulk. When a high financial 

return is required, choosing bulk generates a better result. In both cases, small and 

speedy bulk vessel seems a promising choice.  

The transportation planning model proposed in this study is a useful decision tool to 

facilitate choice between different reefer carriers, especially when the optimal choice 

is not straightforward and cannot be made by pure experience. The turning point and 

balance point of the intensity of price discount parameter are not fixed and will be 

affected by other factors like different freight rates under different market conditions. 

The practitioners should follow the general implications derived from the case study 

and the sensitivity analysis, however, customize their own inputs and calibrate the 

model to facilitate their practical decision. 

4.4. Conclusion on Shipping Mode Choice in Cold Chain from a Value-based 

Management Perspective 

As an indispensable part of the global cold chain, seaborne cold chain has 

experienced tremendous changes in the last two decades. Containerization of 

refrigerated commodities is progressing steadily while bulk reefer still holds its 

market share, especially for certain commodity flows. The competition between 

refrigerated bulk and container becomes increasingly intensified along with such 

diffusion of containerization. More scholars shift their attention to this topic and 

industry practitioners are looking for practical tools to support their daily operations 

and decision making. This chapter approaches this problem from a VBM perspective. 

It is the first study in the literature using a VBM tool to tackle a cold chain problem. 

The decision-oriented value driver tree provided in this study serves as a decision 

framework which facilitates practitioners to drill down the cold chain performance 

into operation decision factors. The proposed value-based decision model is a tool 

for shippers to make the optimal modal choice in seaborne cold chain operations and 

therefore optimize the value-based performance indicator ━ EVA. 
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CHAPTER 5 VALUE-BASED SPEED OPTIMIZATION OF SEABORNE 

COLD CHAIN WITH EMISSION CONSIDERATION 

 

Sailing speed has long been a decisive factor in shipping operations and had a crucial 

impact on the inherently thin margin of shipping companies. In seaborne cold chain, 

the speed optimization problem becomes particularly intricate because of the high 

value and time sensitive characteristics of the reefer cargo and the intrinsic high 

energy consumption associated with cold chains. The shippers are more sensitive to 

the speed since the value of reefer cargoes depreciates exponentially when time 

elapses. Meanwhile, the energy required to power reefers is proportional to the entire 

transport time, which undoubtedly depends on the sailing speed. Value-based 

optimization has been proved to be an effective tool to make operational strategy in 

Chapter 4. This chapter employs this tool to thoroughly investigate the cold chain 

mode choice problem by optimizing the sailing speed of the chartered reefer bulk 

fleet from the shipper’s perspective while taking into consideration the greenhouse 

gas emission. A value-based mode selection and speed optimization model is 

proposed to investigate the optimal mode choice and speed strategy while shipping 

different cargoes under different environmental considerations. A numerical example 

is presented to illustrate the model and sensitivity analysis is conducted to shed light 

on managerial implications. 3 

  

                                                                 
3 The following publication from the author is based on part of this chapter: 

Zhang, X. and Lam, J.S.L., 2017, Balancing the economic and environmental performance of the 

seaborne cold chain: A Value- based approach. Proceedings of the 7th International Conference on 

Logistics and Maritime Systems, Bergen, Norway. 
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5.1 Decision Model 

We have linearized the fuel consumption to model this problem as an ILP model. 

There are various ways to linearize the fuel consumption function. Hu et al. (2014) 

apply an SOCP transformation to solve the non-linear fuel consumption in the berth 

allocation problem model. Linear regression (Lang and Veenstra, 2010) and 

discretization of times and speeds (Alvarez et al., 2010) have also been used to 

simplify the non-linearity. In this mode, the sailing speeds have been discretized to 

achieve linearization. 

To limit our research scope, assumptions, as follows, are made accordingly. 

1. Liner reefer container service is available once a week in all the ports of origin 

and the cost is per TEU. 

2. Reefer bulk vessel is available for chartering every the other day and the 

chartering cost is charged based on voyage; for each bulk type, maximum one 

bulk vessel can be deployed in a day. 

3. The financial status is reviewed monthly, and the monthly cash flow and 

short-term debt should meet the criteria set by the bank. 

4. The sailing speed of the liner service is fixed by the service provider.  

5. A discount 𝜃𝐴𝑃 is offered by the supplier if the shipper pays for the 

procurement one month in advance. In the same manner, a discount 𝜃𝐴𝑅is 

available for the clients who pay the shipper for their order one month in 

advance (Hahn and Kuhn, 2010). 

6. The demands in the destination ports will be catered on weekly basis and 

backlog is not allowed; the inventory cost is not considered in the model due 

to the short demand interval. 

7. The demand of the products depends on their freshness, which declines 

exponentially with the time elapsed (You, 2005). Such demand shrink is 

directly reflected in the depreciated price. 

8. An emission penalty φ is imposed for a unit of fuel consumption. 
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The notation used in this model is presented as follows. 

Parameters and sets 

O Set of all origin ports, 𝑂 ∈ {1, 2, … , 𝑄}, where Q is the number 

of origin ports 

P Set of all destination ports, 𝑃 ∈ {1, 2, … , 𝑁}, where N is the 

number of destination ports 

L Set of all the legs the origin ports and destination ports, where 

 𝐿 ∈ {(1, 1), (1, 2), … , (𝑄, 𝑁)} 

T Set of 1-day periods, 𝑇 ∈ {1,2, … , 𝐻}, where H is the end of the 

planning horizon 

𝑇𝐷 Set of dates when the bulk chartering is available, where 𝑇𝐷 ∈

{2, 4, … , 2⌊
𝐻

2
⌋} ∈ 𝑇 

𝑇𝑊 Set of dates when the reefer container is available, where 𝑇𝑊 ∈

{7, 14, … , 7⌊
𝐻

7
⌋} ∈ 𝑇 

W Set of one-week periods, where W∈ {1, 2, … , ⌊
𝐻

7
⌋} 

M Set of one-month periods, where 𝑀 ∈ {1, 2, … , ⌊
𝐻

30
⌋} 

B Set of all reefer bulk vessel types, 𝐵 ∈ {1,2, … , 𝑅}, where R is 

the number of available reefer bulk vessel types 

Vb Set of speeds for bulk vessel 𝑏 ∈ 𝐵 

z Tax rate 

𝑖𝑤𝑎𝑐𝑐 Weighted average cost of capital 

𝛽 Intensity of daily price discount 

𝛼 Average balance of net operating fixed assets  

휀𝑚 Fixed costs in month 𝑚 ∈ 𝑀    

𝑙𝑜𝑝 Sailing distance of leg  (𝑜, 𝑝) ∈ 𝐿  

𝛾𝑜𝑝
𝑦

 Sailing time (in days) for leg  (𝑜, 𝑝) ∈ 𝐿  by container reefer 

vessel 

𝛾𝑜𝑝
𝑏𝜏 Sailing time (in days for leg  (𝑜, 𝑝) ∈ 𝐿 by bulk vessel) at speed 

𝜏 ∈ 𝑉𝑏 

𝑐𝑎𝑝𝑌𝑏 Capacity of bulk reefer vessel  𝑏 ∈ 𝐵 

𝑞𝑜  Initial price of the cargo at port 𝑜 ∈ 𝑂 

𝑞𝑝  Price of the cargo without depreciation at port  𝑝 ∈ 𝑃 

𝑞𝑜𝑝
𝑦

 Depreciated cargo price transported by container reefer vessel 

via leg  (𝑜, 𝑝) ∈ 𝐿 ;  

( )expy y

op p opq q  = − , ( ),  , o p L p P               (5.1) 

𝑞𝑚𝑜𝑝
𝑏𝜏𝛽

 Cargo depreciated factor while shipped by bulk refer vessel 𝑏 ∈
𝐵 at speed 𝜏 ∈ 𝑉𝑏 via leg (𝑜, 𝑝) ∈ 𝐿 when the intensity of daily 

price discount is 𝛽; 

( )expb

op

b

opqm 

  = −  ,  ( ),  ,  , bo p L V b B              (5.2) 

𝛿𝑜𝑝
𝑏  Single-trip voyage chartering cost for bulk reefer vessel 𝑏 ∈ 𝐵 

on leg  (𝑜, 𝑝) ∈ 𝐿 
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𝛿𝑦 Freight per TEU for container reefer vessel 

𝑓𝑏𝜏 Fuel consumption for a unit distance when bulk vessel 𝑏 ∈ 𝐵 

sails at speed 𝜏 ∈ 𝑉𝑏 

φ Penalty parameter for a unit fuel consumption 

𝜃𝐴𝑃 Early payment discount offered by the supplier 

𝜃𝐴𝑅 Early payment discount offered to the client 

𝑑𝑝𝑤  Demand of the cargo at port  𝑝 ∈ 𝑃 in week  𝑤 ∈ 𝑊 

𝑖𝐹𝐼 Interest rate for short-term financial investment 

𝑖𝐷𝑆 Interest rate for short-term debts 

𝐷𝑆𝑚𝑎𝑥 Bank line of credit 

𝐶𝑚𝑖𝑛 Minimum cash position required by the bank 

𝑓𝑖0 Initial position in short-term financial investments 

𝑐0 Initial position in cash 

𝑑𝑠0 Initial position in short-term debts 

𝑎𝑝0 Initial position in accounts payable 

𝑎𝑟0 Initial position in accounts receivable 

𝑐𝑎0 Initial current assets; 
0 0 0 0 0   ca fi ar c ap= + + −     (5.3) 

𝑒𝑐𝑚  Exogenous cash flow in month  𝑚 ∈ 𝑀 

 

Decision variables 

𝑋𝑜𝑚 ∈ ℝ+ Quantity of cargo purchased at port 𝑜 ∈ 𝑂 in month  𝑚 ∈ 𝑀 

𝑌𝑜𝑝𝑡𝑎
𝑏 ∈ ℝ+ Quantity of cargo shipped by bulk reefer vessel  𝑏 ∈ 𝐵 via leg 

 (𝑜, 𝑝) ∈ 𝐿 departs on day  𝑡 ∈ 𝑇 ∪ {0} and arrives on day 𝑎 ∈
𝑇, 0 is the dummy period 

𝑌𝑜𝑝𝑡
𝑦

∈ ℝ+ Quantity of cargo shipped by container reefer vessel via leg 

 (𝑜, 𝑝) ∈ 𝐿 in period 𝑡 ∈ 𝑇 ∪ {0}, 0 is the dummy period 

𝑣𝑜𝑝𝑡
𝑏𝜏 ∈ 𝔹 1 if bulk vessel 𝑏 ∈ 𝐵 on leg  (𝑜, 𝑝) ∈ 𝐿 sails at the speed 𝜏 ∈

𝑉𝑏 in period 𝑡 ∈ 𝑇 ∪ {0}, 0 is the dummy period;  

0 otherwise  

𝐴𝑜𝑝𝑡
𝑏 ∈ 𝑇 The arrival time of bulk refer vessel 𝑏 ∈ 𝐵 departs on day 𝑡 ∈

𝑇 via leg (𝑜, 𝑝) ∈ 𝐿 

Γ𝑜𝑝𝑡𝑎
𝑏 ∈ 𝔹 1 if bulk reefer vessel 𝑏 ∈  departs on day  𝑡 ∈ 𝑇 ∪ {0}  and 

arrives on day 𝑎 ∈ 𝑇 via leg  (𝑜, 𝑝) ∈ 𝐿;  

0 otherwise 

Z𝑜𝑝𝑡𝑎
𝑏𝜏 ∈ ℝ+ An intermediate variable to present the production of 𝑌𝑜𝑝𝑡𝑎

𝑦
 and 

𝑣𝑜𝑝
𝑏𝜏 

𝐹𝐼𝑚 ∈ ℝ+ Position in short-term financial investments at the end of month 

 𝑚 ∈ 𝑀 

𝐶𝑚 ∈ ℝ+ Cash balance at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐷𝑆𝑚 ∈ ℝ+ Short-term debt at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐴𝑃𝑚 ∈ ℝ+ Payable accounts at the end of month  𝑚 ∈ 𝑀 ∪ {0} 

𝐴𝑅𝑚 ∈ ℝ+ Receivable accounts at the end month  𝑚 ∈ 𝑀 ∪ {0} 
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𝐴𝑃𝑚 
′ ∈ ℝ+ Early payment to the supplier for the procurement in the next 

month 

𝐴𝑅𝑚
′ ∈ ℝ+ Early payment from the client for the delivery in the next month 

 

Auxiliary variables expression 

Total post-depreciation value of the cargo transported by bulk reefer vessel  𝑏 ∈ 𝐵 

via leg (𝑜, 𝑝) ∈ 𝐿: 

( )
b

b b b

opta p opta op

V

q Z qmq  



=  , ( ),  ,  ,  , ,o p L p P b B t a T          (5.4) 

Net sales in month 𝑚 ∈ 𝑀 : 

( ) ( )  ( )

30 30

  max,   30 29  30 29 ,  0  ,y
op

a m t m

b y y

m opta opop to p L t T a m b B t m o p L

NS q Y q


= =

−  = −  = − 

= +       , m M    (5.5) 

Variable cost in month  𝑚 ∈ 𝑀 ∶ 

( )  

( )  

30 30

0(max )
,   30 29 :( , ) 30 29 ( , )

30 30

(max )
,   30 29  30

,0

,
2 (

(

0
9 , )

( )
op

o
y
p

y

a m t m
b y

m opta op t
o p L t T a m b Bo o p L t m o p L

a m t m
b b y y y

opta op opop t
o p L t T a m b B t m o p L

b

op

o

VC Y Y q

Y

f l







  



= =

−
  = −  = − 

= =

−
  = −  = − 

= +  +

  +   +

  

     

     

' '

, )b

b AP AR

op m m

b B p LV

v AP AR



 
 

−  +  

, m M   (5.6) 

Total contribution margin in month  𝑚 ∈ 𝑀 ∶ 

      –  m m mTCM NS VC= , m M        (5.7) 

Cash flow from operations in month  𝑚 ∈ 𝑀 ; 

( ) ( )

30 30

   
,   30 29  30 29 ,  

a m t m
b b y y y

m om o opta op opt op
o p L t T a m b Bo O t m o p L

OCF X q Y  

= =

  = −  = − 

=  +   +        , m M   (5.8) 

Open items management in month  𝑚 ∈ 𝑀 ; 

( ) ( )' '

1   1  1 1 , AR AP

m m m m mOM AR AR AP AP m M − −= + − − − −      (5.9) 

Short-term financial management in month  𝑚 ∈ 𝑀 ; 
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( ) ( )  1 11 1FI DS

m m m m mFM FI i FI DS i DS− −=  + − −  + + , m M     (5.10) 

Operating current net assets at the end of month  𝑚 ∈ 𝑀 ; 

 m m m m mCA FI AR C AP= + + − , m M       (5.11) 

Objective function 

( ) ( )

( ) ( )  ( )

( )  

  1

30 30

max,   30 29  30 29 ,  

30

(max )
,   30 29 :( , ) (

,
,

0

0
)

,

max 1 ( )

( )

y
op

op
y

WACC

m m m

m M m M

a m t m

b y y

opta opop to p L t T a m b B t m o p L

a m

b y

opta op t
o p L t T a m b Bo o p L o p L

EVA TCM z CA i

q Y q

Y Y





  −

 

= =

−  = −  = − 

=

−
  = −  

= −  − − + 

+

+

−

=



 

     

    

( )  

30

0

30 29

30 30

(max )
,   30 29  30 29 ( , )

' '

,

,0

( )

(1 )

(

op

b

y

t m

t m

a m t m
b b y y y

opta op opop t
o p L t T a m b B t m o p L

b b AP AR

op op m m m

b B o p LV

m M

q

Y

f l v AP AR

z









  

   

=

= −

= =

−
  = −  = −





 

 
 
 
 
 
 

 − −


 +

  +   +

  


 
 
 
 
 


+


 −  −



     

 



1 1 1 1) WACC

m m m m

m M

FI AR C AP i − − − −



+ − + − 

 (5.12) 

subject to: 

1
bV

b

optv






 , ( ),  ,  , t T o p L b B           (5.13) 

b b

b b b

opt opt opt

b

op

V V

A t v v  

 


 

 +=   , ( ),  ,  , t T o p L b B         (5.14) 

0b

opta = , ( ),  ,  ,  , [0, ] [ max( ), ]b

opt T o p L b B a t t        +    (5.15) 

0b

optaY = , ( ),  ,  ,  , [0, ] [ max( ), ]b

opt T o p L b B a t t        +    (5.16) 

[ , max( )]b
op

b b

opta opta

a t t

A a
 +

=  , ( ),  ,  , t T o p L b B         (5.17) 

b b b

opta optaY capY  , ( ), ,  ,  , a T t T o p L b B           (5.18) 

[ , max( )]b b
op

b b

opt opta

a t tV

v
 



 +

=   , ( ),  ,  , t T o p L b B         (5.19) 

( ),  

0y

opt

o p L

Y


= , \ Wt T T         (5.20) 
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( ),    

0
bo p L b B V

b

optv




  

=  , \ Dt T T        (5.21) 

( ) ( )

30 30

 
: ,   30 29  30 29 : ,  

a m t m
b y

opta opt om
p o p L t T a m b B t m p o p L

Y Y X

= =

  = −  = − 

+ =      , , m M o O     (5.22) 

( ) ( )
 ( )

7 7

 max
: ,       7 6 :

,0
,   7 6

y
op

a w t w
b y

opta pwop t
o o p L b B t T a w o o p Lt w

Y Y d


= =

−
   = −  = −

+ =     , , w W p P    (5.23) 

0 0y

opY = , ( ),  ,  , t T o p L b B           (5.24) 

0 0b

op aY = , ( ),  ,  , t T o p L b B           (5.25) 

b b b

opt o

a

a

T

ptZ v capY 



  , ( ),   ,  ,  , bt T o p L b B V           (5.26) 

bV

b b

opta optaZ Y






 , ( ),  , ,  , t T a T o p L b B            (5.27) 

(1 )b b b b

opta opta optZ Y capY v −  − ( ),  , ,  ,  , bt T a T o p L b B V           (5.28) 

( ) ( )

30 30
'

1
,   30 29  30 29 ,0,   max /

,
b

op op
bV

a m t m
b y y

opta op m m
o p L t T a m b B t m o p L op t l v

q Y q AR AR m M




= =

−  
   = −   = −  − 

    

+  = +  



       (5.29) 

( )  

30 30

    (max )
,   30 29  30 29 ( , )

'

1

( ,

,0

)

,

y
op

b

a m t m
b b y y y

om o opta op opop t
o p L t T a m b B t m o p Lo O

b b

op op m m

b B o p LV

X q Y

f l v AP AP m M



 



  



= =

−
  = −  = − 

−

 

 +   +  

+    = +  

     

 
 (5.30) 

  1m m m m mC C OCF OM FM−= − + + , m M       (5.31) 

  

max

mDS DS , m M         (5.32) 

 

min

mC C , m M          (5.33) 

0

0FI fi=          (5.34) 

0

0C c=          (5.35) 
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0

0DS ds=          (5.36) 

0

0AP ap=          (5.37) 

0

0AR ar=          (5.38) 

0

0CA ca=          (5.39) 

'

0 0AP =          (5.40) 

'

0 0AR =          (5.41) 

, {0,1}, , , , ( , ) ,b b b

opt optav a T t T b B o p L V                (5.42) 

  , 0,, ,b y b b

opom op tta t ptop o aA ZX Y Y   , ,  ,  , ( , ) ,  ,  , ba T t T m M o p L o O Vb B               (5.43) 

' '

         ,  ,  ,  ,  , ,    0m m m m m m mFI C DS AP AR AP AR  , m M      (5.44) 

The objective of this model is to maximize the EVA which is defined in Equation (3.1) 

and expanded in Equation (5.12). The EVA equals to the net operating profit after tax 

NOPAT subtracts the capital cost. The components of NOPAT are presented in 

Equation (5.5) – (5.7), in which the total contribution margin TCM is the difference 

between the net sales NS and the variable cost VC. The capital cost is generated by 

the average balance of net operating fixed assets 𝛼 and the operating current net 

assets CA as shown in Equation (5.11). Cash flow from operations OCF, open items 

management OM and short-term financial management FM are defined in Equation 

(5.8) – (5.10) respectively and are used in the constraints to regulate the financial 

variables. 

This model subjects to two sets of constraints, namely, operational Constraints and 

financial constraints. The constraints from the operational perspective are presented 

in Constraints (5.13) – (5.28), while Constraints (5.29) – (5.44) constrain the financial 

variables. Constraint (5.13) ensures that each bulk sails at one speed per leg. In 

Constraints (5.14) – (5.17), the arrival time which depends on the sailing speed is set 

and the binary variable  which links the departure and arrival time of a bulk vessel 
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is initialized. The amount of product transported by bulk vessel is calibrated in 

Constraints (5.18) – (5.20) to optimize the solving time, cap the amount shipped per 

vessel and ensure the alternative day departure schedule. While Constraint (5.21) 

establishes the weekly schedule for container vessels. The monthly procurement 

amount and the weekly demand in each destination port are guaranteed in Constraints 

(5.22) and (5.23). The amount shipped by container and bulk vessels are set as zero 

in dummy period as shown in Constraints (5.24) and (5.25). Constraints (5.26) – (5.28) 

are worth noting, a sophisticated method is applied to presenting the production of an 

integer variable (𝑌𝑜𝑝𝑡𝑎
𝑦

) and a binary variable (𝑣𝑜𝑝
𝑏𝜏) by introducing an intermediate 

variable (Z𝑜𝑝𝑡𝑎
𝑏𝜏 ) with three linear constraints. With this method, the production of two 

variables is successfully implemented in our ILP model. In the financial aspect, 

Constraint (5.29) ensures that all the sales are collected by either the regular amount 

received or early amount received; and Constraint (5.30) makes sure that the amount 

payed adds up to the total cost. Monthly cash flow is defined by Constraint (5.31) as 

the sum of the cash flow in the previous month, open items management OM and 

short-term financial management FM deducted by the cash flow from operations 

OCF. Constraints (5.32) and (5.33) command the monthly cash flow C and short-

term borrowing to follow the minimum cash position 𝐶𝑚𝑖𝑛 and the bank line of credit 

𝐷𝑆𝑚𝑎𝑥 required by the bank. Constraints (5.34) – (5.41) set the initial status of all the 

financial variables. The non-negativity of all the variables are ensured in Domains 

(5.42) - (5.44). 

5.2 Numerical Example 

In the same fashion, a numerical example is presented to demonstrate this speed 

optimization model. Due to the complexity of the problem, this example only 

considers the fleet planning between one port of origin and three ports of destination 

over seven months. As illustrated in the assumption, three types of reefer bulk vessels 

are available to sail every other day and liner reefer container service is available in 

the end of every week. The main parameters used in this example are listed in Table 

5.1. 
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Table 5.1 Parameters in the numerical example 

O 𝑂 ∈ {1} 

P 𝑃 ∈ {1, 2, 3}, 

L 𝐿 ∈ {(1, 1), (1, 2), (1,3)} 

T 𝑇 ∈ {1,2, … ,210}  

𝑇𝐷 𝑇𝐷 ∈ {2, 4, … , 210} ∈ 𝑇 

𝑇𝑊 𝑇𝑊 ∈ {7, 14, … , 210} ∈ 𝑇 

W W∈ {1, 2, … , 30} 

M 𝑀 ∈ {1, 2, … , 7}  

B 𝐵 ∈ {1, 2, 3} 

Vb 𝑉1 ∈ {11, 12, … ,17} knots 

𝑉2 ∈ {11, 12, … ,17} knots 

𝑉3 ∈ {11, 12, … ,17} knots 

z 24% 

𝑖𝑤𝑎𝑐𝑐 6% 

𝛽 0.1% 

𝛼 5,000,000 USD 

휀𝑚 100,000 USD 

𝑙𝑜𝑝 [5760, 6720, 7680] NM for leg  (𝑜, 𝑝) ∈ 𝐿 

𝛾11
1𝜏 [17, 16, 15, 15, 13, 13, 11] days at speed  𝜏 ∈ 𝑉1 

𝛾12
1𝜏 [21, 20, 20, 19, 18, 16, 15] days at speed  𝜏 ∈ 𝑉2 

𝛾13
3𝜏 [24, 20, 20, 22, 19, 17, 16] days at speed  𝜏 ∈ 𝑉3 

𝛾11
2𝜏 [17, 16, 15, 15, 13, 13, 11] days at speed  𝜏 ∈ 𝑉1 

𝛾12
2𝜏 [21, 20, 20, 19, 18, 16, 15] days at speed  𝜏 ∈ 𝑉2 

𝛾13
2𝜏 [27, 25, 23, 22, 20, 19, 18] days at speed  𝜏 ∈ 𝑉3 

𝛾11
3𝜏 [20, 19, 18, 16, 15, 15, 14] days at speed  𝜏 ∈ 𝑉1 

𝛾12
3𝜏 [24, 22, 20, 19, 18, 17, 16] days at speed  𝜏 ∈ 𝑉2 

𝛾13
3𝜏 [27, 25, 23, 22, 20, 19, 18] days at speed  𝜏 ∈ 𝑉3 

𝛾𝑜𝑝
𝑦

 [14, 16, 19] days for leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
1  [1,000,000, 1,200,000, 1,400,000] USD/Voyage on leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
2  [2,200,000, 2,400,000, 2,800,000] USD/Voyage on leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
3  [3,400,000, 4,000,000, 1,700,000] USD/Voyage on leg  (𝑜, 𝑝) ∈ 𝐿 

𝛿𝑜𝑝
𝑦

 [2,450, 2,800, 3,325] USD/TEU on leg  (𝑜, 𝑝) ∈ 𝐿 

𝑐𝑎𝑝𝑌𝑏 [500, 1000, 1500] TEU for bulk type  𝑏 ∈ 𝐵 

𝑞𝑜  [6000] USD/TEU at port 𝑜 ∈ 𝑂 

𝑞𝑝  [13000, 14000, 15000] USD/TEU at port  𝑝 ∈ 𝑃 
𝑓1𝜏 [0.244, 0.422, 0.670, 1.000, 1.424, 1.953, 2.600] at speed  𝜏 ∈ 𝑉1 
𝑓2𝜏 [0.422, 0.579, 0.770, 1.000, 1.271, 1.588, 1.953] at speed  𝜏 ∈ 𝑉2 
𝑓3𝜏 [0.512, 0.651, 0.813, 1.000, 1.214, 1.456, 1.728]at speed  𝜏 ∈ 𝑉3 
φ 300 USD/tonnes 

𝜃𝐴𝑃 4% 

𝜃𝐴𝑅 2% 

𝑑𝑝𝑚  Appendix III 

𝑖𝐹𝐼 5% 
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𝑖𝐷𝑆 7% 

𝐷𝑆𝑚𝑎𝑥 11,000,000 USDs 

𝐶𝑚𝑖𝑛 2,000,000 USD 

𝑓𝑖0 0 USD 

𝑐0 25,000,000 USD 

𝑑𝑠0 20,000,000 USD 

𝑎𝑝0 10,000,000 USD 

𝑎𝑟0 10,000,000 USD 

𝑒𝑐𝑚  20,000 USD  ∀𝑚 ∈ 𝑀 

Source: Author, with reference to Contchart (2016) 

This dataset is modified based on the numerical example tested in Chapter 4, 

therefore, the detailed introduction will not be repeated. The three types of bulk vessel 

in this example have an equivalent capacity of 500, 100, and 1500 TEUs and could 

sail at an integer speed from 11 to 17 knots. The fuel consumption rate is calculated 

based on the cubic law, which estimates the fuel consumption rate of a vessel 

proportional to the third power of its sailing speed (Hughes, 1996). More accurate 

fuel consumption models are available based on empirical regression studies, 

however, the cubic law is well accepted in strategic planning and therefore is adopted 

in this example.  

The speed optimization model consists of 5,000,505 constraints, 470,952 binary 

variables and 3,663,811 integer variables. The model is solved with ILOG CPLEX 

Optimization Studio v12.6 CPLEX version 12.5 by using a computer with Intel 

CoreTM 2 Quad processor (3.00 GHz) and 8 GB RAM memory. The average 

computing time is around 63 seconds. With the parameter provided in Table 5.1, the 

optimized EVA for the planning horizon is $0.331 billion with 44,375 TEU of 

cargoes shipped by reefer bulk vessels and 48,700 TEU of cargoes shipped by liner 

reefer container vessels. The results indicate that the utilization of reefer bulk vessel 

and liner container is balanced when the price discount rate β = 0.1% and the penalty 

parameter φ = 300. Therefore, this scenario is used as a benchmark for the sensitivity 

analysis in the next section. Figure 5.1 presents the optimized fleet deployment plan 

on a daily level. The breakdown of the deployment on different legs is shown in 

Figure 5.2. According to Figure 5.2, cargoes on leg <1, 3>, the leg with the longest 

distance, are mainly shipped by the big bulk vessels due to its economy of scale; and 

the container vessels are heavily used for shorter legs. The medium size bulk vessels 
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are dedicated to the leg with medium distance. The average sailing speeds of both 

type 1 and type 3 vessels are 11 knots and the medium size bulk vessels sail at an 

average speed of 11.8 knots. How the deployment strategy changes under different 

circumstances are analyzed in detail in the following section. 

 

Figure 5.1 Vessel deployment when β = 0.1% and φ = 300 

 

Figure 5.2 Vessel deployment on different legs when β =0.1% and φ = 300 

5.3 Results Analysis and Implications 

5.3.1 Sensitivity Analysis 

In this mode choice and speed optimization problem, both the price discount rate β 

and the emission penalty φ play important roles in deciding the optimal fleet 

deployment strategy and the most economic sailing speed. This section investigates 
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how the objective function and different decision variables change under versatile 

environments. 

 

Figure 5.3 The change of EVA over different β and φ 
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Figure 5.4 The change of bulk ratio over different β and φ 
* The data are not presented while β>1.8% for φ = 300-1200 and while β>1.7% for φ = 1500 because the EVA 

becomes negative. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 Bulk speed when φ = 10 

How the EVA and the bulk ratio (the percentage of cargoes shipped by bulk) are 

affected by both the price discount rate and the emission penalty are shown in Figure 

5.3 and Figure 5.4 respectively. It can be seen that the optimal EVA drops while 

either β or φ increases. However, the EVA does not decrease at a constant rate when 

β or φ increases stably. Taking the cases when φ = 10 as an example, it can be 

observed from Figure 5.3 that the EVA drops slightly more slowly while the β is 
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approaching 1.8% and then the drop rate becomes stable after β exceeds 1.8%. The 

decreasing drop rate of EVA when β < 1.8% is contributed by the mode choice 

adjustment. As shown in Figure 5.4, most cargoes are shipped by bulk when the price 

discount rate is extremely low, then the quantity shipped by container climbs up when 

β increases. In this phase, the bulks sail more slowly than the containers, therefore 

more cargoes are shipped by containers to mitigate the value loss due to price 

depreciation. This phase ends when β exceeds 0.8%, after which the value loss is 

higher than the emission penalty caused by the acceleration of bulks. In the next phase, 

more cargoes are shipped by bulks which sail at a higher speed as shown in  

 

 

 

 

 

 

 

 

Figure 5.5. Eventually, when β reaches 1.8%, the amount shipped by bulk and 

container become stabilized since all the bulks are sailing at the maximum speed and 

no improvement could be achieved. This is also the underlying reason for the 

dynamic decreasing rate of EVA. 

It can also be observed that the shrink of EVA slows down when the emission penalty 

increases. The reason is also revealed by Figure 5.4. When the emission penalty 

increases, fewer cargoes are shipped by bulk especially when β is high. Therefore, 

although more costs are generated by the increased φ for each bulk, the reduction in 

the total number of bulks deployed limits the increase of total cost. As a result, the 

EVA decreases in a slower manner. 

5.3.2 Scenario Analysis  

The sensitivity analysis provides a panorama view of how the character of the cargo 

and the emission policy would affect the fleet deployment, optimal speed and 

therefore the EVA. To dive deeper into the operation details requires an analysis of 

different scenarios with various combinations of β and φ. This section investigates 

the deployment details on each leg and the corresponding sailing speed of each bulk 
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type under four different scenarios, namely, β = 0.1% and φ = 10, β = 0.1% and φ = 

300, β = 0.5% and φ = 300, along with β = 1.5% and φ = 300. 

 

Figure 5.6 Vessel deployment on different legs: β = 0.1% φ = 10 

 

 

Figure 5.7 Bulk speed on different legs: β = 0.1% φ = 10 
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Figure 5.8 Vessel deployment on different legs: β = 0.1% φ = 300 

 

 

Figure 5.9 Bulk speed on different legs: β = 0.1% φ = 300 
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Figure 5.10 Vessel deployment on different legs: β = 0.5% φ = 300 

 

 

Figure 5.11 Bulk speed on different legs: β = 0.5% φ = 300 
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Figure 5.12 Vessel deployment on different legs: β = 1.5% φ = 300 

 

 

Figure 5.13 Bulk speed on different legs: β = 1.5% φ = 300 

Figure 5.6 and Figure 5.7 present the vessel deployment on different legs and the 

average sailing speed of each type of bulk with β = 0.1% and φ = 10. As shown in 

Figure 5.6, most cargoes are shipped by bulk while both price discount rate and 

emission penalty are low. Since the depreciation of the cargo value is fairly low when 

time elapses, bulk is a more economic choice. Bulk type wise, small bulks are mainly 

sailing slowly on the legs with shorter distance while the medium-size bulks are 

dedicated to leg<1, 2>, the distance of which is medium as well. The big bulks solely 

serve the longest leg and sail at a high speed since the emission penalty is low. Figure 

5.8 and Figure 5.9 provide a scenario with the same price discount rate but a higher 
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emission penalty. Figure 5.8 indicates that with a higher emission penalty, the 

utilization of container increases. Although the bulks are less employed, the 

deployment strategy is similar, namely, small vessels serve nearer ports. Comparing 

Figure 5.9 with Figure 5.7, it can be seen that the speed of the bulks has dropped 

significantly. It shows that when the emission penalty is higher than the expected 

value depreciation, the owner would prefer slow steaming. Figure 5.10 and Figure 

5.11 together with Figure 5.12 and Figure 5.13 serve as scenarios with different price 

discount rate under the same stringent environmental policy. As shown in Figure 5.10 

and Figure 5.12, the utilization of bulks keeps decreasing even the price discount rate 

increase despite its lower voyage fee and flexibility. The reason is embedded in 

Figure 5.11 and Figure 5.13. Although β increases from 0.5% to 1.5%, the bulks 

almost remain the same speed. Since the bulks’ speeds are locked due to high 

emission penalty, fewer bulks are used when the cargoes depreciate faster. 

The sensitivity analysis and the scenario analysis reveal that the flexibility to choose 

between different vessels could slow down the economic loss while shipping more 

perishable cargoes or when the environmental policy becomes more stringent. 

However, the effect of mode adjusting has its limitation and will stop abating the 

EVA loss once the price discount rate or the emission penalty pass a threshold. Such 

threshold depends on the commodity market and the fleet setting. The results also 

show that although chartered reefer bulk vessels are generally more economically 

sound, once the punishment for emission is high, the speed of the bulk will be locked 

up and make it a bad choice for perishable or time-sensitive goods. It is worth noting 

that the high bunker price would have exactly the same effect. Lastly, the scenario 

analysis depicts a clear pattern of vessel deployment regardless of the cargo type or 

the emission penalty. The consistently preferred deployment strategy is to send small 

bulk to the nearer ports with a low speed and make larger bulk to serve longer legs 

with a higher speed. Liner service should mainly be used for short legs. 

5.3 Conclusion on Value-based Speed Optimization of Seaborne Cold Chain 

with Emission Consideration 

 

This chapter proposes a decision framework to make mode choice between reefer 

containerships and bulk vessels and to optimize the sailing speed of the bulk vessels 
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in seaborne cold chain operation to maximize the value-based performance indicator 

EVA. The originality of this chapter is twofold. Firstly, it constructs the first speed 

model for energy-efficient reefer shipping. Moreover, it initially approaches the 

emission issue from the perspective of VBM, which is a suitable tool to integrate the 

emission consideration and the operational concern. A numerical example of a 

traditional refrigerated cargo is presented to illustrate the model and provide practical 

implications. The decision model has been used in this example and the sensitivity 

analysis has been conducted to shed a light on the effect of emission penalty and the 

character of the shipped commodity on the optimal speed. Industry practitioners can 

use the proposed model as a reference for decision making. Scholars could explore 

utilizing VBM as a tool to solve supply chain optimization problems as a new 

research direction. 
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CHAPTER 6 A FUZZY DELPHI-AHP-TOPSIS FRAMEWORK TO 

IDENTIFY BARRIERS IN BIG DATA ANALYTICS ADOPTION: CASE OF 

MARITIME ORGANIZATIONS 

 

After the effectiveness of the VBM tool is proved in the last two chapters, this chapter 

starts the second part of this study — the impact of information sharing on SCVC. 

To better understand information sharing, it is a good step to start by identifying the 

challenges. With the fuzzy Delphi-AHP-TOPSIS framework introduced in Chapter 

3, this chapter conducts a case study to investigate the hurdles for big data analytics 

to be promoted in the maritime organizations. Big data analytics has prospered in 

recent years and has triggered revolutionary changes in various industries. However, 

its adoption in some industries (e.g. maritime) is relatively lagged. The case study 

shows that the framework is useful in identifying and ranking barriers. For the 

application in maritime organizations, the study unveils the most serious managerial, 

cultural, and technical barriers that impede the adoption of big data analytics. The 

study of the impact of information sharing in Chapter 7 is motivated by the insights 

gained in this chapter.4 

                                                                 
4 The following publication from the author is based on part of this chapter: 

Zhang, X. and Lam, J.S.L., 2017, What impedes the big data analytics adoption in maritime 

organizations: A fuzzy Delphi-AHP- TOPSIS based framework for barrier identification. Proceedings 

of the International Association of Maritime Economists Annual Conference, Kyoto, Japan. 
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6.1 Success Factors for Big Data Analytics to Be Implemented on Firm-Level 

As illustrated in Chapter 3, the initial list of success factors was composed based on 

literature analysis. Then the panellists were asked to select and rate the success factors 

in terms of their significance in ensuring the successful implementation of big data 

analytics on firm-level. Figure 6.1 exhibits the group score range, the median rating, 

and all the individual ratings, with the blue symbols representing the industry 

practitioners and the red symbols representing the scholars. A broad range of 

responses can be observed, but some extremes were only rated by one respondent. 

 

Figure 6.1 The Delphi survey results of success factors 

Only the factors with the medians above “Fairly important” are selected for further 

assessment and are listed below in the order of their median rating.  

1. Manager's full understanding of the iterative and long-term, strategic 

characters of Big Data Analytics 

2. Sufficient talent pool 

3. Well planned infrastructure 

4. Supportive organizational culture 

5. Continuous improvement of the system 

6. Good leadership for analytics team 

7. Problem driven strategy 
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8. Cooperative organizational structure 

The first, fifth and sixth factors were raised by the panellists and the medians of which 

are all above “Fairly important”, it partially reflects the common understanding of 

the experts. As shown in Figure 6.1, discrepancies between the opinions of scholars’ 

and industry experts’ can be observed on certain factors. For example, scholars tend 

to underestimate the importance of supportive organizational culture and cooperative 

organizational structure. The most controversial factor is the “problem driven 

strategy”. In theory, it is a good strategy and should guide the digital transformation; 

however, the opinions are quite extreme. Some panellists voted it as the most 

important factor which is consistent with the literature, while one expert from the 

industry states that the analytics cannot always be driven by the problem, sometimes 

the problems can only be identified upon analytics. Therefore, it is important to 

collect the insights from both the academia and the industry to gain a holistic 

understanding. 

6.2 Barriers for Big Data Analytics to Be Adopted in Maritime Organizations 

Based on the literature, barriers are categorized into managerial and cultural barriers 

(MCB) and technological barriers (TB). Panellists were asked to choose the barriers 

that impede the adoption of big data analytics in maritime organizations. Figure 6.2 

and Figure 6.3 present the votes in both rounds for two types of barriers. The bars on 

the top (the green ones) reflect the initial selections while the lower bars (the orange 

ones) show the final votes. The last two barriers were proposed by the panellists 

during the first round, therefore, have been voted for only once. 
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Figure 6.2 The Delphi survey results of managerial and cultural barriers 

 

Figure 6.3 The Delphi survey results of technological barriers 

The barriers voted by more than half of the panel in the second round will be 

investigated in the next phase and are listed as follows: 

1. Managerial and Cultural Barriers 

2. Lack of understanding of how to use analytics to improve the business 

3. Lack of management bandwidth due to competing priorities 

4. Lack of staffing or skills for big data analytics in the line of business 

5. Lack of executive sponsorship 
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6. Time consuming in setting up the structure using big data analytics in business 

decision makings 

7. Difficulty of forecasting the costs and benefits before the project is 

implemented 

8. Technological Barriers 

9. Difficulty of architecting big data analytics system 

10. Cannot make big data usable for end users 

11. Inconsistent data quality 

The initial lists were comprised of 9 MC barriers and 8 T barriers. After two rounds 

of the survey, only 3 T barriers were voted by half of the panellists. The survey results 

indicate that the MC issues are the main obstruction at this stage, and it accords with 

our judgement that most maritime organizations are still on the Aspirational level of 

big data analytics. While the data scale increases and more complex algorithms are 

adopted, more T barriers will emerge. 

6.3 Importance Evaluation: Fuzzy AHP 

Before the fuzzy AHP can be conducted, the linguistic terms and their equivalent 

fuzzy numbers, a comparatively more optimistic representation, are introduced as 

shown in Figure 6.4. Since “Fairly More Important” is the vaguest term preferred by 

most participants, a wide range between the lower and upper bounds is designed for 

this term to reflect the high fuzziness. 

 

EI = Equally Important: (1, 1, 1), WI = Weakly More Important: (1, 3, 5), FI = Fairly More Important: 

(2, 5, 8), SI = Strongly More Important: (5, 7, 9), AI = Absolutely More Important: (7, 9, 9) 

Figure 6.4 Compatibility functions for pair-wise linguistic terms 

Source: Author 

 

The importance of each the success factor are compared pairwise by employing these 

comparison measures. The comparison matrix for the success factors is presented in 

Table 6.1, this matrix is generated based on the surveys introduced in section 3.2. The 



121 
 
 

matrix compares the row factor with the column factor. Take row 1 column 2 as an 

example, (2, 5, 8) means that the factor 1 is fairly more important than factor 2. 
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Table 6.1 Success factor comparison matrix 

Success 

Factor 
1 2 3 4 5 6 7 8 

1 (1, 1, 1) (3, 4.7, 6.5) (2.3, 3.3, 4.4) (2, 3.4, 4.9) (1.7, 2.2, 2.8) (1.7, 2.8, 4) (2.1, 3.8, 5.5) (1.7, 3.3, 4.8) 

2 (0.3, 0.4, 0.6) (1, 1, 1) (1.8, 2.7, 3.6) (1.2, 2.1, 3.1) (0.9, 1.3, 1.9) (0.7, 1.2, 1.9) (1.3, 2.1, 3) (0.9, 1.5, 2.2) 

3 (0.6, 0.8, 1.2) (0.8, 1.5, 2.3) (1, 1, 1) (1.7, 2.7, 3.8) (0.9, 1.4, 1.9) (0.7, 1.3, 2) (1.1, 1.8, 2.6) (1.2, 1.7, 2.4) 

4 (0.6, 1.1, 1.6) (0.8, 1.5, 2.3) (0.7, 1.2, 1.8) (1, 1, 1) (0.6, 1, 1.5) (0.7, 0.8, 1.1) (1, 1.7, 2.3) (1, 1.3, 1.7) 

5 (0.8, 1.2, 1.6) (1.2, 2.5, 3.8) (1.6, 2.5, 3.3) (2, 3.1, 4.3) (1, 1, 1) (0.6, 1, 1.6) (1.6, 3, 4.4) (1.3, 2.2, 3.3) 

6 (1, 1.5, 2.3) (1.1, 2.2, 3.4) (1.7, 2.8, 3.9) (1.8, 2.7, 3.6) (1.4, 2.7, 4.1) (1, 1, 1) (1.6, 3, 4.4) (1.8, 3, 4.2) 

7 (0.5, 1.1, 1.9) (0.8, 1.1, 1.6) (1.6, 2.8, 3.9) (1.6, 2.4, 3.2) (0.7, 1.3, 2) (1.1, 1.5, 1.9) (1, 1, 1) (1.4, 2.7, 4.1) 

8 (0.9, 1.3, 1.8) (0.9, 1.5, 2.2) (1, 1.6, 2.3) (1, 1.2, 1.4) (0.7, 1, 1.4) (1.1, 1.4, 1.6) (0.9, 1.3, 1.8) (1, 1, 1) 

 

The synthetic extent values of all the success factor are calculated as follows: 

𝑆1 = (15, 25, 34)⨀ (
1

165
,

1

118
,

1

76
) = (0.09, 0.21, 0.45)  

𝑆2 = (8.2, 12, 17)⨀ (
1

165
,

1

118
,

1

76
) = (0.05, 0.10, 0.23)  

𝑆3 = (8.1, 12, 17)⨀ (
1

165
,

1

118
,

1

76
) = (0.05, 0.10, 0.23)  

𝑆4 = (6.4, 9.7, 13)⨀ (
1

165
,

1

118
,

1

76
) = (0.04, 0.08, 0.18)  

𝑆5 = (10, 16, 23)⨀ (
1

165
,

1

118
,

1

76
) = (0.06, 0.14, 0.31)  

𝑆6 = (11, 19, 27)⨀ (
1

165
,

1

118
,

1

76
) = (0.07, 0.16, 0.35)  

𝑆7 = (8.8, 14, 20)⨀ (
1

165
,

1

118
,

1

76
) = (0.05, 0.12, 0.26)  

𝑆8 = (7.4, 10, 14)⨀ (
1

165
,

1

118
,

1

76
) = (0.04, 0.09, 0.18).  

The degree of possibility for the synthetic extend value of one success factor is higher 

than the other is calculated following Equation (3.8) as shown in Table 6.2. The 

weight vector of success factors is derived as  

𝑊𝑆𝐹 = (1, 0.56, 0.56, 0.40, 0.76, 0.85, 0.64, 0.42)𝑇  

and is normalized as (0.19, 0.11, 0.11, 0.08, 0.15, 0.16, 0.12, 0.08)𝑇. 
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Table 6.2 Synthetic extent value comparison table 

 

Success Factor      

1 2 3 4 5 6 7 8 

Column ≥ Row   0.56 0.56 0.40 0.76 0.85 0.64 0.42 

Column ≥ Row  1.00  1.00 0.85 1.00 1.00 1.00 0.88 

Column ≥ Row  1.00 1.00  0.85 1.00 1.00 1.00 0.88 

Column ≥ Row  1.00 1.00 1.00  1.00 1.00 1.00 1.00 

Column ≥ Row  1.00 0.83 0.82 0.67  1.00 0.90 0.69 

Column ≥ Row  1.00 0.74 0.73 0.58 0.92  0.81 0.60 

Column ≥ Row  1.00 0.93 0.93 0.78 1.00 1.00  0.80 

Column ≥ Row  1.00 1.00 1.00 0.97 1.00 1.00 1.00  

 

After the weights of all the success factors are calculated, the level of severity of each 

barrier has to be evaluated with respect to each success factor. The pairwise 

comparison matrix of all the barriers for the first success factor is presented in Table 

6.3. The weight vector is calculated following the same procedure to get the one for 

success factors. The comparison matrixes of the barriers for other success factors are 

generated in the same manner and are not presented here. The final weight vectors of 

the barriers for all the success factors are aggregated in Table 6.4. In the final step of 

fuzzy AHP, the weights of the barriers are factored by the weights of each success 

factor as shown in Table 6.5. These priority vectors are the output of the fuzzy AHP 

and serve as the input for the TOPSIS. 

Table 6.3 Barrier evaluation for the first success factor 

MCB 1 2 3 4 5 6 𝑊1
𝑀𝐶𝐵  

1 (1, 1, 1) (2.3, 3.9, 5.6) (2.4, 3.7, 5.1) (1.8, 2.8, 3.9) (2.6, 4.2, 5.9) (2, 3.4, 4.7) 0.24 

2 (1, 1.4, 1.8) (1, 1, 1) (0.7, 1.1, 1.6) (0.7, 1, 1.4) (1.4, 2.7, 4.2) (1.3, 2.1, 3) 0.13 

3 (0.5, 0.9, 1.4) (1.7, 2.5, 3.3) (1, 1, 1) (0.8, 1.6, 2.4) (1.6, 3.2, 4.9) (1.3, 2.8, 4.2) 0.17 

4 (0.7, 1.4, 2.3) (2.5, 4.1, 5.7) (2.1, 3.7, 5.4) (1, 1, 1) (2.5, 4.4, 6.3) (2.5, 4, 5.6) 0.23 

5 (0.4, 0.8, 1.3) (1.3, 2, 3) (1, 1.7, 2.6) (0.6, 0.9, 1.4) (1, 1, 1) (0.7, 0.8, 1.1) 0.09 

6 (1.1, 1.6, 2.3) (1.5, 2, 2.8) (1, 1.4, 1.9) (0.9, 1.4, 2) (1.8, 2.7, 3.6) (1, 1, 1) 0.14 

TB 1 2 3 𝑊1
𝑇𝐵 

1 (1, 1, 1) (1, 2, 3) (1.5, 2.4, 3.3) 0.29 

2 (2, 3, 4.1) (1, 1, 1) (1.8, 2.9, 4) 0.36 

3 (2.1, 3.1, 4) (1.7, 2.5, 3.2) (1, 1, 1) 0.35 
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Table 6.4 Final weight vectors 

SF/Barrier 
MCB 

1 

MCB 

2 

MCB 

3 

MCB 

4 

MCB 

5 

MCB 

6 
TB 1 TB 2 TB 3 𝑊𝑆𝐹 

1 0.24 0.13 0.17 0.23 0.09 0.14 0.29 0.36 0.35 0.19 

2 0.25 0.17 0.17 0.21 0.05 0.15 0.31 0.37 0.32 0.11 

3 0.21 0.14 0.16 0.21 0.11 0.17 0.36 0.31 0.33 0.11 

4 0.22 0.18 0.16 0.21 0.08 0.15 0.18 0.40 0.43 0.08 

5 0.18 0.16 0.18 0.19 0.13 0.16 0.37 0.34 0.29 0.15 

6 0.21 0.15 0.19 0.20 0.10 0.15 0.32 0.36 0.33 0.16 

7 0.20 0.17 0.19 0.19 0.10 0.16 0.35 0.35 0.30 0.12 

8 0.20 0.17 0.18 0.20 0.11 0.14 0.32 0.37 0.31 0.08 

 

Table 6.5 Priority vectors 

SF/Barrier MCB 1 MCB 2 MCB 3 MCB 4 MCB 5 MCB 6 TB 1 TB 2 TB 3 

1 0.046MBC+ 0.025 0.033 0.045 0.018MCB- 0.027 0.057TB- 0.069TB+ 0.067 

2 0.027MBC+ 0.019 0.019 0.023 0.005MCB- 0.016 0.034TB- 0.040TB+ 0.035 

3 0.023MBC+ 0.016 0.017 0.023MBC

+ 

0.012MCB- 0.018 0.039TB+ 0.033TB- 0.035 

4 0.017MBC+ 0.014 0.012 0.016 0.006MCB- 0.012 0.013TB- 0.031 0.033TB+ 

5 0.026 0.024 0.026 0.028MBC

+ 

0.020MCB- 0.023 0.054TB+ 0.049 0.042TB- 

6 0.034MBC+ 0.025 0.031 0.033 0.016MCB- 0.025 0.052TB- 0.058TB+ 0.053 

7 0.025MBC+ 0.021 0.024 0.023 0.013MCB- 0.019 0.044TB+ 0.044TB+ 0.037TB- 

8 0.016MBC+ 0.014 0.015 0.016MBC

+ 

0.009MCB- 0.011 0.026 0.030TB+ 0.025TB- 

*MBC+/- denote the “optimal" and “negative optimal” managerial and cultural barrier for each success 

factor 

TB+/- denote the “optimal” and “negative optimal” technological barrier for each success factor 

6.4 Final Assessment: TOPSIS 

Following the TOPSIS procedure, the separation for the ith barrier 𝑏𝑖𝑗 from the ideal 

solution 𝑏𝑗
+ with respect to jth success factor is calculated as 𝑆𝑖

+ = (∑ (𝑚
𝑗=1 𝑏𝑖𝑗 −

𝑏𝑗
+)2)1/2  and the separation from the negative ideal solution 𝑏𝑗

−  should be 𝑆𝑖
− =

(∑ (𝑚
𝑗=1 𝑏𝑖𝑗 − 𝑏𝑗

−)2)1/2. The final ranking is based on the the closeness to the ideal 

solution which can be derived as 𝐶𝑖 = 𝑆𝑖
−/(𝑆𝑖

+ + 𝑆𝑖
−) . The TOPSIS results are 

tabulated in Table 6.6. 
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Table 6.6 TOPSIS evaluation of each barrier 

Barrier 𝑆+ 𝑆− 𝐶∗ Ranking 

MCB 1 0.00 0.05 0.96 1 

MCB 2 0.03 0.02 0.45 4 

MCB 3 0.02 0.03 0.62 3 

MCB 4 0.00 0.04 0.90 2 

MCB 5 0.05 0.00 0.00 6 

MCB 6 0.03 0.02 0.43 5 

TB 1 0.02 0.02 0.38 3 

TB 2 0.01 0.03 0.76 1 

TB 3 0.02 0.02 0.56 2 

 

6.5 Ranking Validation: VIKOR 

Based on the VIKOR method, the the maximum group utility 𝑆𝑖 , the minimum 

individual regret of the opponent 𝑅𝑖 and the the ranking value 𝑄𝑖 for the ith barrier 

are tabulated in Table 6.7. 

Table 6.7 VIKOR evaluation of each barrier 

Barrier 𝑆 𝑅 𝑄𝑎 

MCB 1 0.04 0.03 0.03 

MCB 2 0.51 0.14 0.60 

MCB 3 0.33 0.09 0.35 

MCB 4 0.07 0.02 0.02 

MCB 5 1.00 0.19 1.00 

MCB 6 0.56 0.13 0.59 

TB 1 0.61 0.19 0.93 

TB 2 0.18 0.11 0.00 

TB 3 0.68 0.15 0.72 

a. The weight of strategy v=0.5. 

As shown in the table, the ranking between MCB 1 and MCB 4, MCB 2 and MCB 6, 

TB 1 and TB 3 do not satisfy the “acceptable advantage” condition, therefore are 

considered as a compromise solution set. The ranking results obtained by these two 

methods are presented in Table 6.8. As shown in the table, the rankings generated by 

two methods are generally consistent, except for the compromise solutions sets. For 

MCB1 and MCB4 as well as MCB2 and MCB 6, the TOPSIS results are consistent 

with the 𝑆 rankings.  
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Table 6.8 Ranking obtained by TOPSIS and VIKOR 

 

Managerial and Cultural Barriers 

Ranking MCB

1 

MCB

2 

MCB

3 

MCB

4 

MCB

5 

MCB

6 

VIKOR 0.03 0.60 0.35 0.02 1.00 0.59 MCB4 ≈ MCB1, MCB3, MCB6 ≈ MCB2, 

MCB5  

TOPSIS 
0.96 0.45 0.62 0.90 0.00 0.43 MCB1, MCB4, MCB3 MCB2, MCB6, 

MCB5 

 
Technological Barriers 

Ranking 
TB1 TB2 TB3 

VIKOR 0.93 0.00 0.72 TB2, TB3 ≈ TB1 

TOPSIS 0.38 0.76 0.56 TB2, TB3, TB1 

 

6.6 Comparison and Implications 

According to the priority vector of the success factors derived from the pairwise 

comparison, the relative importance of each success factor is shown in Figure 6.5. 

“Manager’s full understanding of the iterative and long-term, strategic characters of 

big data analytics”, “Good leadership for analytics team”, and “Continuous 

improvement of the system”, are deemed as the top 3 success factors. The severity of 

each barrier based on TOPSIS results is presented in Figure 6.6. The most significant 

MC barriers are identified as “Lack of understanding of how to use analytics to 

improve the business” and “Lack of executive sponsorship”, while “Cannot make big 

data usable for end users” is found to be the most serious T barrier.  
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Figure 6.5 The relative importance of each success factor 

 

 

Figure 6.6 The relative severity of each barrier 
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The barriers identified in our study are within the five challenging areas raised by 

McAfee and Brynjolfsson (2012), namely, leadership, talent management, 

technology, decision making and company culture. The highly prioritized barriers 

fall into leadership, talent management, and decision making. According to McAfee 

and Brynjolfsson (2012), the importance of leader’s vision and insight will not be 

weakened by the rise of big data, on the contrary, only those organizations with 

leaders who can seize the opportunity of this revolution can succeed in the next 

decade. As data become more available and more affordable, talents with solid 

statistics knowledge, sophisticated data processing skills and more importantly sound 

business communication awareness become invaluable assets which are 

indispensable to a company’s successful transformation. With the right talents, 

companies should develop a decision-making system which can effectively distil 

useful information from massive data, locate the information in the right place, and 

utilize the intelligence to address the right problems and to influence the relevant 

decisions. Maritime organizations cannot reap the full benefits of big data analytics 

before they correct the deficiencies in leadership, talent management, and decision 

making. 

Table 6.9 Barriers comparison 

Ranking 
Barriers for Maritime 

Organizations 
Ranking 

Barriers for Generic 

Organizationsa 

1 
Lack of understanding of how to use 

analytics to improve the business 
1 

Lack of understanding of how to use 

analytics to improve the business 

2 Lack of executive sponsorship 2 
Lack of management bandwidth due 

to competing priorities 

3 
Lack of staffing or skills for big data 

analytics in the line of business 
3 

Lack of skills internally in the line of 

business 

4 
Lack of management bandwidth due to 

competing priorities 
4 Ability to get the data 

5 

Difficulty of forecasting the costs and 

benefits before the project is 

implemented 

5 
Existing culture does not encourage 

sharing information 

6 

Time consuming in setting up the 

structure using big data analytics in 

business decision makings 

6 
Ownership of data is unclear or 

governance is ineffective 

1 
Cannot make big data usable for end 

users 
7 

Lack of executive sponsorship 

2 
Inconsistent data quality 

8 
Concerns with the data 

3 
Difficulty of architecting big data 

analytics system 9 
Perceived costs outweigh projected 

benefits 
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10 
No case for change 

 
 11 Don't know where to start 

a. Based on a survey of executives, managers and analysts working across more than 30 industries and 

100 countries. 

Source: Author and Lavalle et al. (2011) 

To dig deeper into the barrier level, the barriers obtained by our framework are 

compared with the adoption barriers for generic organizations as shown in Table 6.9 

Barriers comparison. The barriers for generic organizations are collected from 

experts in over 30 industries. Each participant was asked to select three obstacles and 

the ranking is simply based on the percentage of respondents who have voted the 

barrier. For both maritime and generic organizations, managerial and cultural barriers 

are considered more serious than data availability and technological problems. 

Lavalle et al. (2011) did not separate these two types of barriers, and the top three 

barriers are all managerial and cultural. In our study, these two types of barriers are 

separated based on the feedback from the experts that it is difficult to compare the 

severity of an MC barrier with a T barrier since they impair the success factors in 

different ways. In the Delphi phase, the final number of voted MC barriers and T 

barriers can partially reflect the experts’ focus on the former. It can also be observed 

that two out of the top three barriers are the same for both the maritime and generic 

organizations, which demonstrates the importance of a good strategy and a sufficient 

talent pool. It is worth noting that “lack of executive sponsorship” is deemed as the 

second significant barrier for the adoption of big data analytics in maritime 

organizations, while it only has a rank of 7 in Lavalle et al. (2011)’s survey. This 

reveals that executive sponsorship for utilizing big data analytics is significantly less 

in maritime organizations compared with other industries on average. Since 

leadership is an indispensable ingredient for the success of this transformation, 

maritime leaders should cultivate their awareness of this revolution, appreciate its 

potential impact and be ready for the arms race. Besides the barriers in leadership, 

talent management and decision making, barriers identified in technology are more 

specific in our studies. The T barriers are mainly related to adding value for the end 

user, data quality and building the system. Data availability, scalability and its 
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ownership are less significant in the maritime industry for now. The company culture 

related barriers gained rare attention and were ruled out early in the Delphi phase. 

This also reflects that maritime organizations in general are still on the Aspirational 

level of big data analytics adoption. Big data analytics is merely a supporting function 

on a trial basis rather than a critical factor in decision making. When more and more 

maritime organizations move forward in this revolution and the ecosystem gradually 

matures, more challenges in technology and company culture may start to emerge. 

For now, maritime leaders should take proper measures to overcome the identified 

obstacles and move the transformation to the next level. 

Based on Lavalle et al. (2011)’s work, five recommendations have been tailored for 

maritime organizations. Firstly, the organizations which have not conducted any big 

data projects before should start in the middle. These organizations should not start 

by hoarding the data, recruiting an entire team and building a thorough data 

infrastructure, instead, they should start by implementing analytics with readily 

available data in their current project. In this process, the organizations can have a 

glimpse of the value added by big data analytics. Therefore, it is easier to gain 

sponsorship for future projects and investment. Furthermore, the initial analytics 

would illuminate the gaps in the current data structure and business processes, which 

will guide future development. Secondly, when choosing the projects to start, avoid 

projects with minor strategic significance, and try to address the biggest challenge. 

Trivial projects are more likely to stall and would hardly occupy managers’ precious 

bandwidth. What’s more, the value added would be limited and may not justify the 

initial investment, which may create scepticism about the true value of analytics. On 

the contrary, when the stakes are high, managers are more likely to pay attention and 

allocate resources. With a bigger vision, it is easier to justify the input, get the best 

people involved and gain support from different units. Thirdly, it is important for 

maritime companies to collaborate with academic institutions. Currently, the data 

pioneers in maritime tend to collaborate with teams specialized in data analytics. The 

collaboration between Maersk and IBM serves a good example. This is a good 

strategy, however, collaborating with academic institutions will not only lend the 

industry the analytics capability but more importantly, build sustainable talent 

pipelines. Fourthly, it is important to understand the requirements of the end users 
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and be able to present the insights from analytics in understandable and actionable 

ways. Big data analytics can not only address the internal problems but also help the 

organizations to gain a competitive edge by adding value to the end users. For 

example, reefer container service is a growing niche market, the liners would like to 

attract more clients to shift from traditional reefer bulks to their service. It will be a 

persuasive case if the liners are able to visualize the data collected from their current 

tracking system and show the clients how their service could provide more 

transparency and reliable monitoring of the temperature. Lastly, maritime 

organizations should work together to build an ecosystem across which data can be 

collected, shared and processed. Then the maritime firms can not only leverage on 

their own data but abundant third-party data, like weather, port congestion, 

commodity flow and vessel supply etc. In this manner, the entire maritime value 

chain can be streamlined and optimized. The key to eventually create such a healthy 

ecosystem is to get every party engaged and their interests aligned. 

To sum up, well-aligned talents, sufficient resources, and unshakable executive 

sponsorship are crucial at this stage. The current focus should be on the manager’s 

full understanding of the characteristics, potential and reasonable expectation of big 

data analytics. Without such understanding, the support, if there is any, will not be 

effective or sustainable. With the supportive managers, best people and resources can 

be assembled to make the case for investments in analytics and the challenges in 

maritime organizations will start to be addressed by big data analytics. 

6.7. Conclusion on Barriers in Big Data Analytics Adoption in Maritime 

Organizations 

To facilitate the first step of converting technology to competitiveness, a fuzzy 

Delphi-AHP-TOPSIS framework is proposed to identify the challenges for such a 

conversion. By applying the proposed framework, the most significant barriers for 

big data analytics to be adopted in maritime organizations are identified and 

corresponding recommendations are proposed. The contribution of this study is 

fourfold. First, a practical tool is devised to find out the barriers for a new technology 

or practice to be successfully implemented. This proposed framework would not only 

identify the obstacles but also prioritize them based on their impact and provides how 

each barrier would impair the implementation. Second, this study sheds light on the 
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status quo and pressing problems of maritime big data analytics by thoroughly 

investigating both the academic studies and the industry applications. Third, the 

proposed framework is utilized to identify the barriers for big data analytics to be 

effectively adopted in maritime organizations. Eight success factors, five managerial 

and cultural barriers and three technological barriers are identified and the barriers 

are ranked based on their severities. The results of TOPSIS are also compared with 

another popular multi-criteria decision-making method – VIKOR. The consistency 

of the results confirms the priorities of the barriers. Last, a variety of 

recommendations are provided for maritime organizations to overcome the barriers 

and fully realize the potential of big data analytics. 
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CHAPTER 7 THE IMPACT OF INFORMATION SHARING ON SUPPLY 

CHAIN MANAGEMENT: FROM THE VALUE-BASED MANAGEMENT 

PERSPECTIVE 

 

Information sharing is revealed in Chapter 2 as an important value creation initiative 

in SCM and is therefore selected as the research topic of the second part of this study. 

As identified by Chapter 6, executive sponsorship is crucial for promoting advanced 

information systems. This chapter offers solid evidence of the positive impact made 

by shared information upon all the supply chain participants. Three SD models are 

developed to investigate different information sharing strategies from the VBM 

perspective. A numerical example is presented and followed by profound practical 

implications. The results analysis reveals how the bull whip effect is mitigated by 

information sharing and what the following consequences are. 
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7.1 System Dynamics Models  

This section illustrates the general model of a three-echelon supply chain for an E-

Commerce platform. The causal loop diagrams (CLD) of each party, namely, the E-

Commerce retailor, distributors and manufacturers are presented with the 

corresponding SD equations. The notation used for this model is shown in Table 7.1. 

The parameters and variables adopted in this model are adopted from well-known 

SCM SD studies, such as Sterman (2000), Disney and Towill (2003) and Gonul 

Kochan et al. (2018)  

Table 7.1 Notation for the information sharing SD models 

Sets and Parameters 

T Set of time periods,  1,2, ,T H , where H is the end of the 

planning horizon   

P Set of supply chain parties, { , , , , }P u e d m s , where u, e, d, m, s 

presents customers, the E-Commerce platform, distributors, 

manufacturers and suppliers respectively   

C Set of two-echelon chains within the supply chain, 
{( , ), ( , ), ( , ), ( , )}C u e e d d m m s   

td  Customer demand for the E-Commerce platform at time t T   

p  Targeted delivery delay with party p P    

p  Minimum processing time of party p P  

p  Safety stock of party p P  

L Manufacturing lead time  

p  Demand forecasting smoothing interval for party p P  

p  Inventory adjustment time with party p P  

m  Work-in-process (WIP) adjustment time at manufacturer m 

p   Profit per unit product for party p P  

p   Inventory cost per unit product for party p P  

p   Backlog cost per unit product for party p P  
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Variables 

t

pI +  Inventory level of party p P  at time t T  

t

pI +  Desired inventory of party p P  at time t T  

t

pIC +  Inventory coverage time at party p P  at time t T  

t

pIG +  Inventory gap at party p P  at time t T  

t

pB +  Order backlog at party p P  at time t T  

t

pD +  Customer demand forecasted by party p P  at time t T  

ˆ t

pD +  Customer demand forecasting difference at party p P  at time 

t T  
t

pO +  Order for party p P  at time t T  

t

pO +  Desired order for party p P  at time t T  

 

Auxiliary Variables 

t

cS +  Shipment rate on chain c C  at time t T  

t

cS +  Desired shipment rate on chain c C  at time t T  

max t

pS +  Maximum shipment rate of party p P  at time t T  

t

pF +  Order fulfilment rate with party p P  at time t T  

t

pFR +  Order fulfilment ratio with party p P  at time t T  

p

+    Actual delivery delay with party p P  

t

mR +  Production release rate of manufacturer m at time t T  

t

mR +  Desired production rate of manufacturer m at time t T  

t

mK +  Production complete rate of manufacturer m at time t T  

t

mW +  WIP inventory of manufacturer m at time t T  

t

mW +  Desired WIP inventory of manufacturer m at time t T  

t

mWG +  WIP inventory gap of manufacturer m at time t T  

 

7.1.1 The Casual Loop Diagrams and System Dynamics Equations 

Following the categories proposed by Gavirneni et al. (1999), three models are built 

to present three information sharing scenarios, namely, non-information sharing 

(NIS), partial information sharing (PIS) and full information sharing (FIS). Since the 

main supply chain operations are similar with these three scenarios, the detailed 
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CLDs and SD equations of the NIS model will be illustrated and only the difference 

in PIS and FIS will be elaborated. 

The CLDs of the E-Commerce platform, distributors and manufacturers are presented 

in Figure 7.1 - Figure 7.3 and the structure is based on Sterman (2000) and Gonul 

Kochan et al. (2018)’s work. The variable at the tail end of an arrow represents an 

independent variable while the variable at the other side of the arrow is a dependent 

variable. The arrow represents the cause and effect relationship between the variables 

and the polarity sign on the arrow indicates how the dependent variable changes 

according to the change of the independent variable. The variables and the casual 

links form the balancing (negative) and reinforcing (positive) feedback loops. The 

important loops are highlighted by loop identifiers which are the small curved arrows 

around a letter “B” (indicating a balancing loop) or “R” (indicating a reinforcing 

loop). A positive loop reinforces the change along the link while a negative loop 

undermines the change. The variables in the boxes are stock variables which 

accumulate over time. 
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Figure 7.1 The CLD of the E-Commerce platform 
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Figure 7.2 The CLD of distributors 

 

In Figure 7.1 - Figure 7.3, the Customer Order Rate 
t

pO  depends on the Customer 

Demand pd  as shown in Equation (7.1). When the the Customer Order Rate is higher 

than the Order Fulfilment Rate 
t

pF  (as calculated in Equation (7.2)), the unfulfilled 

order accumulates to form the Order Backlog 
t

pB  as shown in Equation (7.3). 

Equation (7.4) and (7.5) present how 
t

pB  influences the Desired Shipment Rate 
t

cS  

and the Actual Delivery Delay p . The Shipment Rate 
t

cS  is determined by 
t

cS and 

the Fulfilment Ratio 
t

pFR as shown in Equation (7.6). 
t

pFR  is a function of the 

Maximum Shipment Rate max t

pS divided by 
t

cS . Equation (7.7) simplifies the 

function based on the curve proposed by Sterman (2000) and Equation (7.8) shows 

how max t

pS is affected by the Inventory Level 
t

pI and the Minimum Processing Time 
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p . As presented in Equation (7.9), 
t

pI  varies for different supply chain parties. 
t

pI  

is calculated based on 
t

cS  or the Production Complete Rate 
t

mK (for manufacturers) 

and the Desired Inventory Leve 
t

pI , which depends on p , the Safety Stock p  and 

the Forecasted Customer Demand 
t

pD . Equation (7.10) shows the detailed calculation 

of 
t

pI . The first order exponential smoothing technique is used for the demand 

forecasting (Sterman, 2000; Disney and Towill, 2003; Gonul Kochan, 2018) as 

briefed in Equation (7.11) and (7.12). Equation (7.13) and (7.14) depicts how 
t

pI  

determines the Inventory Coverage Time 
t

pIC  and the Inventory Gap 
t

pIG . The 

desired order 
t

pO , as shown in Equation (7.15), is sent to the upstream party in order 

to minimize 
t

pIG .  

 

Figure 7.3 The CLD of manufacturers  
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Figure 7.4 E-Commerce Platform Value Driver Tree 

The stock management process shown on the right side of the manufacturer’s CLD 

is similar to that of the downstream parties as introduced in the last paragraph, the 

production process is illustrated on the left side of the CLD. The Desired Production 

Rate 
t

mR  aims to match 
t

mI  to 
t

mI  base on 
t

mD  as shown in Equation (7.16) and the 

Production Release Rate 
t

mR  depends on 
t

mR  as shown in Equation (7.17). Equation 

(7.18) shows how the WIP Gap 
t

mWG  is calculated based on the Desired WIP 

Inventory 
t

mW , the WIP Inventory 
t

mW  and the WIP adjustment time m . 
t

mW  is to 

address 
t

mR  given Manufacturing Lead Time L as shown in Equation (7.19). 
t

mW  

presents the accumulation of the gap between 
t

mR  and the Production Complete Rate 

t

mK  as demonstrated in Equation (7.20). Finally, 
t

mK  is calculated based on L using 

third order delay technique. As shown in Figure 7.4, the EVA for each supply chain 

party is simplified and calculated following Equation (7.21). 

      (7.1) 

 

( , ) , , , ( , ) ,t t

p n pF S n p P n p C t T=             (7.2) 

      (7.3) 

E-Commerce Platform EVA

Warehouse Inventory

Desired Warehouse Inventory

Distributor's Delivery Rate

Warehouse Supply Rate

Warehouse Order Backlog

Customer Order Rate

(Warehouse Order Fullfilment Rate)

(Warehouse Target Delivery Delay)

Customer Demand

Warehouse Delivery Delay
(Warehouse Order Backlog)

Warehouse Order Fullfilment Rate

Warehouse Target Delivery Delay
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( , ) / , , , ( , ) ,t t

n p p pS B n p P n p C t T=           (7.4) 

/ , ,
p

t t

p pB p P t T =            (7.5) 

( , ) ( , ) , , , ( , ) ,t t t

n p n p pS S FR n p P n p C t T=            (7.6) 

 (7.7) 

( , )max / , , , ( , ) ,t t

n p p pS I n p P n p C t T=           (7.8) 

(7.9) 

( ) , ,t t

p p p pI D p P t T = +             (7.10) 

ˆ , ,t t t

p p pD O D p P t T= +            (7.11) 

ˆ ( ) / , ,t t t

p p p pD O D p P t T= −            (7.12) 

( , )/ , , , ( , ) ,t t t

p p n pIC I S n p P n p C t T=            (7.13) 

( ) / , ,t t t

p p p pIG I I p P t T= −            (7.14) 

max( , ), ,t t t

p p pO o D IG p P t T= +          (7.15) 

max( , ),t t t

m m mR o D IG t T= +         (7.16) 

max( , ),t t t

m m mR o R WG t T= +         (7.17) 

( ) / ,t t t

m m m mWG W W t T= −         (7.18) 

,t t

m mW L R t T=            (7.19) 
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      (7.20) 

 

1 1 1

(1 )

t tt T t T t T
p pt t t t t

p p p p p pt
t t tp

EVA I B


  
= = =

= = =

 −
=  − −  − 


        (7.21) 

7.1.2 Three Information Sharing Scenarios 

Figure 7.5 - Figure 7.7 present the CLDs of the three different information sharing 

scenarios. The red dashed line indicates the information shared among different 

supply chain parties. In the NIS or the traditional scenario, the downstream supply 

chain parties only inform the upstream supply chain parties of their Desired Order 

t

pO  and the upstream parties take the 
t

pO  as their Customer Order Rate 
t

pO  as shown 

in Equation (7.1) and forecast the future demand 
t

pD  based on 
t

pO  indirectly as shown 

in Equation (7.1), (7.11) and (7.12). In the PIS scenario, the E-Commerce platform 

share with the upstream parties their Customer Forecasted Demand 
t

eD  but still make 

orders based on their Desired Order 
t

pO . In this case, the distributors and the 

manufacturers still stick with 
t

pO  as shown in Equation (7.1), but use 
t

eD  for their 

inventory, procurement and manufacturing planning as shown in Equations (7.22) - 

(7.24). The final scenario is illustrated in Figure 7.7, in which the E-Commerce 

platform fully share their Forecasted Demand 
t

eD  with the distributors and the 

manufacturers and the upstream parties take 
t

eD  as 
t

pO  as shown in Equation (7.25) 

and follow Equations (7.22) - (7.24) to plan their inventory, procurement and 

manufacturing. 

( ) , \{ },t t

p p p eI D p P e t T = +            (7.22) 

max( , ), \{ },t t t

p e pO o D IG p P e t T= +          (7.23) 

max( , ),t t t

m e mR o D IG t T= +         (7.24) 

      (7.25)  
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Figure 7.5 NIS CLD of the three-echelon supply chain 
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Figure 7.6 PIS CLD of the three-echelon supply chain 
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Figure 7.7 FIS CLD of the three-echelon supply chain 
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7.2 Numerical Example 

In this section, a numerical example is developed based on Gonul Kochan et al. 

(2018)’s case study to show the impact of different information sharing strategies. As 

shown in Table 7.2, the stochastic Customer Demand td  is assumed to follow the 

gamma distribution (Ramaekers and Janssens, 2008) with a shape parameter of 5 and 

an inverse scale parameter of 1.5. Three SD models simulate the E-Commerce supply 

chain operations for one year (365 days). The Targeted Delivery Delay p , Minimum 

Processing Time p , and the Safety Stock p  for each supply chain partner are set 

to be 2 days. The determinate 5-day lead time is adopted in this example and the 

forecasting smoothing time is also 5 days. The Inventory Adjustment Time p  and 

the WIP Adjust Time m  are both a day. The Profit p  of the simulated SKU is 

assumed to be 100, 80 and 60 currency unit (cu) for the E-Commerce retailer, the 

distributor and the manufacturer, respectively. The Inventory Cost p  is 5 cu per 

piece per day for the two downstream parties and 3 cu less per piece per day for the 

manufacturer. For the distributor and the manufacturer, the cost for the backlog order 

is the same as the p , however, the Backlog Cost p  is 10 cu/piece/day for the E-

Commerce platform since it affects the level of service to the end customers.  
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Table 7.2 Parameters for SD model numerical example 

Parameter Value Unit 

T 365 day 
td  ~ (5,1.5)G  piece/day 

,p p P    2 day 

,p p P    2 day 

,p p P    2 day 

L 5 day 

,p p P    5 day 

,p p P    1 day 

m  1 day 

e  100 cu/piece 

d  80 cu/piece 

m  60 cu/piece 

e  5 cu/piece/day 

d  5 cu/piece/day 

m  2 cu/piece/day 

e  10 cu/piece/day 

d  5 cu/piece/day 

m  2 cu/piece/day 

 

7.3 Results Analysis and Implications 

Table 7.3 presents the change in EVA for the three supply chain parties with different 

information sharing scenarios. As shown in the table, the manufacturer benefits the 

most from shared information. When no demand information is shared, the 

manufacturer experiences negative EVA at the end of one-year operations. With 

partially shared information, though the EVA remains negative, it increases by 95% 

and is close to make-even. While the forecasted customer demand is fully shared, the 

EVA of the manufacturer reaches 258,361, which is 9,408% more than the EVA with 

PIS scenario. The distributor also gains significantly more with shared information. 

Partially shared information almost increases the EVA of the distributor by half while 

fully shared information boosts the distributor’s EVA by 782%. Comparatively, the 
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deal is less attractive to the E-Commerce operator since neither information sharing 

strategy manages to raise its EVA by even 10%. Such difference can be explained by 

the bull whip effect. 

Table 7.3 EVA comparison of three information sharing scenarios 

 NIS PIS FIS ↑ NIS-PIS ↑ PIS-FIS 

E-Commerce Platform EVA 123,462 cu 125,752 cu 137,329 cu 2% 9% 

Distributor EVA 35,861 cu 53,224 cu 469,687 cu 48% 782% 

Manufacturer EVA -54,297 cu -2,776 cu 258,361 cu 95%* 9,408%* 

*ABS method is used to get the percentage. 

The bull whip effect can be observed in Figure 7.8. The expected demand becomes 

higher and higher upstream in the supply chain and so does the desired order. Figure 

7.9 shows how information sharing mitigates the bull whip effect and aligns the 

desired order of different supply chain parties. To dive deeper, the inventory level of 

the three supply chain parties with different information sharing scenarios are 

presented in Figure 7.10 - Figure 7.12. It can be spotted that although shared demand 

information brings down the inventory level for all the supply chain partners, the 

manufacturer has the highest inventory level while no information is shared and 

therefore gained the most by reducing the inventory level. A more interesting 

phenomenon can be found in Figure 7.13 - Figure 7.15. Shared information lowers 

the backlog order of both the distributor and the manufacturer, however, it does not 

work on that of the E-Commerce operator. On the contrary, fully shared information 

slightly increases the backlog order of the E-Commerce platform. This is caused by 

the reduced ship rate of the upstream partners as shown in Figure 7.16. 

In a nutshell, the more transparent the information flow is, the more value is created 

in the entire supply chain. However, the value generated by shared information is not 

equally distributed among the supply chain participants. The upstream supply chain 

parties, the victim of the bull whip effect, gain the most from information sharing. 

The complexity is that the downstream party, which plays the most important role in 

sharing the information, reap the least from this behavior or even get backfired in 

certain aspects. This observation provides significant implications for the enhancing 

supply chain collaboration. While the practitioners well accept the idea that 
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information sharing is beneficial, understanding the dynamics of the benefit 

distribution could help different supply chain parties to better form a strategic 

partnership by negotiating the profit and cost redistribution.  

  

Figure 7.8 The bull whip effect 

  

 

Figure 7.9 Mitigation of the bull whip effect 
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Figure 7.10 E-Commerce operator’s warehouse inventory level with three 

information sharing scenarios 

 
Figure 7.11 Distributor inventory level with three information sharing scenarios 
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Figure 7.12 Manufacturer inventory level with three information sharing scenarios 

 

Figure 7.13 E-Commerce operator's warehouse order backlog with three information 

sharing scenarios 
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Figure 7.14 Distributor order backlog with three information sharing scenarios 

 

Figure 7.15 Manufacturer order backlog with three information sharing scenarios 
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Figure 7.16 Distributor and manufacturer's shipment rate with three information 

sharing scenarios 

7.4 Conclusion on The Impact of Information Sharing on Supply Chain 

Management 

 

This chapter develops three SD models to investigate the value created by 

information sharing in a three-echelon E-Commerce supply chain with three 

information sharing strategies. This is the first attempt to quantify the impact of 

information sharing from a VBM perspective and the model proposed can be easily 

extended to represent a multi-echelon supply chain. A uniformed supply chain 

performance metric allows us to compare the performance improvement of different 

supply chain partners due to shared information. The results analysis of the numerical 

example leads to profound practical implications. The study benefits both the 

academic community and the industry. The method adopted in this work extends the 

application of VBM in SCM, to be more specific, in supply chain quantitative work. 

The proposed SD model provides industry practitioners a quantitative tool to evaluate 

the value of information sharing. More importantly the insights drawn from the 

numerical example enables the supply chain practitioners to have a better 

understanding of the dynamics of the benefit distribution. The mutual understanding 

would encourage different chain parties to negotiate the profit and cost redistribution 

and better form a strategic partnership aiming at mutual benefit. It is hoped that the 

insights provided in this chapter would enhance supply chain collaboration in the 

long run. 
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CHAPTER 8 CONCLUSION AND RECOMMENDATION FOR FUTURE 

RESEARCH 

 

The main findings and contributions of the previous chapters are summarized in this 

chapter. The limitations and potential future works are also discussed. 
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8.1 Summary of main findings 

This section presents how the research objectives set in Chapter 1 are addressed by 

the studies in the previous chapters. 

1) To develop a conceptual framework of theoretical lenses in SCVC studies, 

aiming to summarize previous studies and guide future research in theoretical 

tools investigation. 

The proposed conceptual framework is presented in Chapter 2. The framework 

provides a holistic map of value creation in SCM; summarizes and clusters the 

theories utilized in different aspects of SCVC and guides future theory-driven 

research by providing inventories of theories in SCVC.  

2) To test the performance of the VBM tool in optimization, using a mode choice 

problem case in seaborne cold chains. 

Chapter 4 shows that the value-based approach obtains an objective of 25% above 

the traditional optimization approach. Moreover, the numerical example indicates 

that the disadvantage of the conventional approach in the financial aspect is 

multiplied when the capital cost is high. Chapter 3 also shed light on seaborne cold 

chain operations. It reveals that transportation mode choice can be affected by both 

operational and financial factors. For more perishable goods, the time value is high 

therefore the time saved by the container vessels compensates the higher cost and 

makes the reefer container a preferred choice and vice versa. The value delivered by 

container vessels is also more sensitive to distance comparing to bulk. When a high 

financial return is required, bulk leads to a better result. In both cases, small and 

speedy bulk vessel seems a promising choice.  

3) To employ the VBM optimization to further study the mode choice problem 

in seaborne cold chains by optimizing the fleet speed and considering 

environmental impact. 

The mode choice problem in seaborne cold chains is thoroughly investigated in 

Chapter 5. The results analysis reveals that the flexibility to choose between different 

vessels could slow down the economic loss while shipping more perishable cargoes 

or when the environmental policy becomes more stringent. However, the effect of 
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mode adjusting has its limitation and will stop abating the EVA loss once the price 

discount rate or the emission penalty pass a threshold. Such threshold depends on the 

commodity market and the fleet setting. The results also show that although chartered 

reefer bulk vessels are generally more economically sound, once the punishment for 

emission is high, the speed of the bulk will be locked up and make it a bad choice for 

perishable or time-sensitive goods. It is worth noting that the high bunker price would 

have the same effect. Lastly, the scenario analysis depicts a clear pattern of vessel 

deployment regardless of the cargo type or the emission penalty. The consistently 

preferred deployment strategy is to send small bulk to the nearer ports with a low 

speed and make larger bulk to serve longer legs with a higher speed. Liner service 

should mainly be used for short legs. 

4) To propose a framework to identify the hurdles for big data analytics, one of 

the most important measures to obtain information nowadays, to be adopted 

in organizations, taking maritime organizations as a case study. 

A fuzzy Delphi-AHP-TOPSIS is proposed and illustrated in Chapter 3. Chapter 6 

employs this framework to identify barriers for big data analytics to be adopted in 

maritime organizations. “Continuous improvement of the system”, “Manager’s full 

understanding of the iterative and long-term, strategic characters of big data analytics” 

and “Good leadership for analytics team” are found to be the top 3 success factors. 

And the most significant MC barriers are identified as “Lack of executive 

sponsorship”, “Lack of management bandwidth due to competing priorities” and 

“Lack of staffing or skills for big data analytics in line of business”, while the 

“Difficulty of architecting big data analytics system” is found to be the most serious 

T barrier. The results demonstrate that the adoption of big data analytics in maritime 

organizations is still in its primary stage and has a long way to go. The study also 

suggests that well-aligned talents, sufficient resources, and unshakable executive 

sponsorship are crucial. The manager’s full understanding of the characteristics, 

potential and reasonable expectation of big data analytics is essential for effective 

and sustainable executive support.  

5) To apply the VBM tool and SD approach to investigate value generated by 

different information sharing strategies in SCM. 



157 
 
 

A SD model is proposed to evaluate the value created by three different information 

sharing strategies in a three-echelon supply chain. EVA is adopted as the unified 

metric to measure the performance of each supply chain partner in different 

information sharing scenarios. A numerical example is presented to draw practical 

implications. The results indicate that a more transparent information flow leads to 

more value generation in the entire supply chain. Furthermore, the numerical example 

reveals that different players in the supply chain would benefit differently while 

adopting the same information strategy. The insights would help industry 

practitioners to understand the dynamics of the benefit distribution and would help 

different supply chain parties to better form a strategic partnership by negotiating the 

profit and cost redistribution. 

 

8.2 Main research contributions 

Besides the achieved research objectives, this research provides significant 

contributions to both the academic community and the industry. The contributions of 

the main chapters are listed as follows. 

1) Chapter 2 includes the first review of the literature in SCVC from the theoretical 

perspective. Through such review, the pattern of theories utilization in this area is 

examined over time, pre-dominant theories adopted are identified and the areas 

spotted in which theory-driven study should be encouraged. Building on the 

analytical results, four recommendations have been presented to shed light on future 

research directions and a conceptual framework is proposed to provide a theoretical 

map of SCVC and to facilitate the future work 

Researchers in academia could benefit from the four recommendations distilled from 

the analytical results and the conceptual framework proposed. With the guidance of 

this framework, the current status of theory building in every aspect of SCVC is clear. 

The multi-theoretic approach can be appropriately applied since theories suitable for 

each step are provided. The framework also indicates a lack of efforts in value 

quantification and in supply network value, which lead to our recommendations 

regarding future research avenues. 
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Apart from its value in academic research, our study also provides valuable insights 

for industrial practitioners. This paper presents an exhaustive list of value creation 

initiatives and the ways they facilitate value creation in practice. The most discussed 

value creation initiatives have also been identified as relationship management/ 

demand chain management/ supply management, IT/ internet/ e-business, supply 

chain integration and collaboration. Managers should pay more attention to these 

value creation initiatives and invest properly to realize the potential of the entire 

supply chain and therefore maximize the value created. The theories summarized in 

this paper could also be adopted by supply chain practitioners to view practical 

problems from different perspectives. The proposed framework could serve as a 

blueprint for companies to formulate or strengthen their supply chain strategies. 

Managers may refer to different aspects of value creation to identify the weak pocket 

and analyze different SCM functionalities to establish or enhance the core 

competence. 

2) Chapter 4 presents one of the few studies in the literature using value-based 

optimization to investigate a supply chain problem and provides new insights. The 

application in cold chain demonstrates the benefits of the approach. Rather than 

comparing the static operational costs of reefer bulk and container, the EVA of a 

company’s cold chain is evaluated in a dynamic context, in which the choice between 

chartered vessels and liner slots, the charaters of different commodities, and the 

distance of the shipping routes are taken into consideration. Based on Arduino et al.’s 

(2015) analysis using the Delphi method collecting expert opinion, the total 

transportation costs of banana from Costa Rica to the Italian port of Vado Ligure by 

reefer bulk and by reefer container are almost the same, the reason that bulk 

transportation of bananas still remains strong leans on a few multinationals’ control 

of the whole global markert. Different from the literature, our study reveals the 

factors that affect the value delivered by different modes and presents a clearer picture 

for the decision makers to evaluate the economic utilities of these two transportation 

modes in cold chain management. 

Liner companies have been attempting to persuade their clients to shift from 

traditional bulk vessels to reefer container. The model proposed in this study enables 

practitioners to compare the performance of these two modes in different 
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circumstances from a holistic perspective, considering not only the operations but 

also the financial aspects. As implied by the scenario analysis, both the character of 

the commodity and the required return of the capital affect the mode choice in 

seaborne cold chains. The advantages of containership over bulk vessels stand for 

perishable goods (with high intensity of price discount) while bulk reefer adds more 

EVA than container reefer for less time-sensitive goods (with low intensity of price 

discount). Although reefer container may be preferred over traditional bulk in certain 

aspects, bulk remains a better choice when the company’s capital cost is 

comparatively high. Another insight drawn from this study is that swift small-size 

reefer bulk seems an indispensable ingredient of the optimal solutions in both 

operational and financial extreme circumstances, it may be a survivor in the 

intensified reefer competition. 

The utilization of the decision model is not limited to seaborne cold chain 

management, it can also be applied in other cold chains, like land based cold chains. 

The method used in this research could also be employed in the study of other time-

sensitive supply chains which serve time-sensitive markets like media, fashion 

apparel and other seasonal products. Besides its multifold contribution to the industry, 

the advantage of utilizing VBM as a tool to solve cold chain problems has been 

demonstrated in this study and could be further explored as a new research direction.  

3) Chapter 5 contributes to academic theory building and more importantly provides 

a valuable decision-making tool given the increasing attention to greenhouse gas 

(GHG) reduction. From the academic perspective, it constructs the first speed model 

for energy-efficient reefer shipping. Moreover, it initially approaches the emission 

issue from the perspective of VBM, which is a suitable tool to integrate the emission 

consideration and the operational concern. Scholars could explore utilizing VBM as 

a tool to solve supply chain optimization problems as a new research direction. In 

practical aspect, a numerical example of a traditional refrigerated cargo is presented 

to illustrate the model and provide practical implications. The decision model has 

been used in this example and the sensitivity analysis has been conducted to shed a 

light on the effect of emission penalty and the character of the shipped commodity 

on the optimal speed. In practice, speed factor has been listed as one of the most 

important influences on the variation in the Energy Efficiency Operational Indicator 



160 
 
 

(EEOI) (IMO MEPC, 2018a) and speed limits have been added to the short-term 

measures towards the 50% GHG emissions reduction target by 2050 (IMO MEPC, 

2018b). The proposed speed optimization model could also be employed by the 

shipper or even the shipowner to investigate the impact of speed limits on their 

business.  

4) Chapter 6 contributes in the following four aspects. First, a practical tool is devised 

to find out the barriers for a new technology or practice to be successfully 

implemented. This proposed framework would not only identify the obstacles but 

also prioritize them based on their impact and provides how each barrier would 

impair the implementation. Second, this study sheds light on the status quo and 

pressing problems of maritime big data analytics by thoroughly investigating both 

the academic studies and the industry applications. Third, the proposed framework is 

utilized to identify the barriers for big data analytics to be effectively adopted in 

maritime organizations. Eight success factors, five managerial and cultural barriers 

and three technological barriers are identified and the barriers are ranked based on 

their severities. The results of TOPSIS are also compared with another popular multi-

criteria decision-making method – VIKOR. The consistency of the results confirms 

the priorities of the barriers. Last, a variety of recommendations are provided for 

maritime organizations to overcome the barriers and fully realize the potential of big 

data analytics. Due to resource limitation and our stringent selection criteria, twenty 

experts were engaged in this study. Although they well represent different 

perspectives and are suitable for the methods involved, future research may include 

more panellists and industry segments for results comparison. 

5) The SD model provided in Chapter 7 is the first attempt to approach information 

sharing in SCM from the value-based perspective. The VBM indicator allows the 

performances of different supply chain parties to be compared. For the academic 

community, this study broadened the application of VBM tool in quantitative supply 

chain studies. For industry practitioners, the insights drawn from this study provide a 

better understanding of the dynamics of the benefit distribution among different 

supply chain parties in information sharing. 
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8.3 Research limitations and future research 

Despite the efforts of the author to ensure the comprehensiveness and rigor of the 

study, constraints and limitations cannot be eliminated. This section discusses the 

limitations of each chapter and how these studies can be enhanced or extended.  

Two key limitations should be noticed in Chapter 2. First, only articles from the listed 

journals are included in our review. Therefore, relevant articles that published on 

other platforms may have been omitted. This systematic review is not claimed to be 

an exhaustive study of the entire literature, it aims to provide a snapshot of the current 

theoretical practices in the SCVC field. The other limitation is that theories are chosen 

rigorously, only well recognized theories are identified as theoretical perspectives in 

our study. This is the first attempt to provide a holistic view of theoretical 

perspectives in SCVC, we hope the insights and conclusion of this study could serve 

as a guidance for future theory-driven research and would encourage more scholars 

to enrich the findings. 

Chapter 4 does not depict the current status of the reefer market modal split, the data 

collected is obsolescent and therefore is not included. This chapter could be extended 

in the following four aspects: 1. Only the transportation planning is studied, other 

parts of the cold chain, like inventory management, forwarding can add to a more 

sophisticated model; 2. Investment in own fleet is not considered in this study, which 

will introduce more choices and both operational and financial complications; 3. 

Temperature fluctuation, a key factor that affects the quality of refrigerated products, 

can be added in future studies; 4. Seasonality can be included in the model to reflect 

the uncertainty for a short-term planning horizon; 5. Present the current modal split 

of the reefer market and validate the findings of this study.  

Chapter 5 adds more ingredients to the problem introduced in Chapter 4 and provides 

a more thorough solution for the practitioners. Yet in the model composition, the 

auxiliary fuel consumption is embedded in the general cost rather than calculated 

together with the fuel burned by the main engine. Although the auxiliary fuel 

consumption does not vary upon different sailing speeds, taking it into consideration 

will more accurately present the model’s sensitivity to emission penalty parameter. 

This model could be further extended by investigating the impact of the financial 
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parameters on the mode choice and the optimal speed, comparing the economic and 

environmental performance of different bulk chartering methods, optimizing the fleet 

deployment by routing among the ports of destination. As the designation of 

Emission Control Areas (ECAs) is in progress (IMO MEPC, 2019), a speed 

optimization model which can handle different speed limits would have great 

practical value. 

The main constraint for Chapter 6 is the limited resources. Due to resource limitation 

and our stringent selection criteria, twenty experts were engaged in this study. 

Although they well represent different perspectives and are suitable for the methods 

involved, future research may include more panellists and industry segments for 

results comparison. Following up the effectiveness of the measures suggested in this 

study and investigating the approaches to overcome the identified barriers and would 

be another interesting research direction. 

Chapter 7 quantifies the impact of information sharing in the general supply chain 

setting rather than the maritime context. The consideration is to broaden the 

application scope of the VBM theory and tools proposed in this study. However, 

specialized supply chains, such as cold chain, which benefit more from transparent 

information flow should be more representative to demonstrate the value of 

information sharing. This chapter could be more comprehensive with the following 

enhancements. 1. Consider the full financial aspect of the EVA formulation; 2. 

Validate the model using empirical data which may lead to more specific results and 

findings; 3. Tailor the model for specialized supply chains in which the value of 

information is amplified (e.g. cold chain). 
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APPENDIX I FUZZY AHP SURVEY PARTICIPANTS LIST 

Expert 

Number 
Country Affiliation Job Title 

1 Norway Norwegian School of Economics Senior Researcher 
2 Denmark Aalborg University Associate Professor 
3 Greece University of The Aegean Associate Professor 

4 Germany University Bremen 
Chair in Maritime 

Business and 

Logistics 
5 Japan Hokkaido University Professor 

6 Japan 
Tokyo University of Marine 

Science and Technology 
Associate Professor 

7 Czech 
Czech Association of Forwarding 

and Logistics 
Associate Professor 

8 
Taiwan, 

China 
National Cheng Kung University Professor 

9 Japan 
National Institute of Land and 

Infrastructure Management 
Senior Researcher 

10 Denmark Maersk Digital Engagement Leader 

11 Singapore 
NYK Monohakobi Technology 

Institute 
Manager 

12 Singapore McKinsey 
Advanced Analytics 

Expert 
13 Spain Orbita Project Manager 

14 Norway DNV GL 
Head of Group IT 

Office 
15 Singapore Singapore Technologies Marine Ex Vice President 
16 Singapore Singapore Press Holdings Ltd Senior Data Scientist 

17 Singapore Larsen & Toubro / NCS 
Application 

Consultant 
18 Singapore Teralytics Data Scientist 
19 China Alibaba Logistics Senior Data Scientist 
20 Singapore PSA Marine Harbour Pilot 
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APPENDIX II WEEKLY DEMAND FOR NUMERICAL EXAMPLE IN 

CHAPTER 4 

 

Week Demand in Port D1 (TEU) Demand in Port D2(TEU) Demand in Port D3(TEU) 

1 0 0 0 

2 0 0 0 

3 0 0 0 

4 0 0 0 

5 2700 1800 3550 

6 1100 3650 2850 

7 2800 2200 3900 

8 1800 2700 1750 

9 2750 3550 2700 

10 1550 1650 1650 

11 2500 2550 2550 

12 1950 2500 1350 

13 2050 2250 3300 

14 2400 3150 3450 

15 2550 1050 2500 

16 3000 3450 3200 

17 2850 1600 3700 

18 3050 1400 2150 

19 1600 2150 3150 

20 2700 2900 2100 

21 1850 3500 3100 

22 900 1850 2850 

23 800 2700 3900 

24 2600 2450 2600 

25 2400 1800 3050 

26 2100 3050 2300 

27 3850 3850 2200 

28 1400 2800 2750 

29 1100 2700 3300 

30 2050 2450 2200 

31 2800 2450 3300 

32 750 1850 2050 

33 2250 2050 650 

34 1950 2700 1600 

35 2900 2500 3050 

36 2500 2250 3100 

37 2350 2350 1950 

38 2350 3350 2300 

39 2400 3400 3500 
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Week Demand in Port D1 (TEU) Demand in Port D2(TEU) Demand in Port D3(TEU) 

40 3750 850 2300 

41 3000 3200 2250 

42 1500 2300 2800 

43 2200 2400 3200 

44 2500 4050 1850 

45 1250 2750 2750 

46 2350 2550 3050 

47 3600 1700 4000 

48 1250 1400 1700 

49 2600 2250 1800 

50 1650 2800 3700 

51 2850 2750 3500 

52 3450 2400 2300 
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APPENDIX III WEEKLY DEMAND FOR NUMERICAL EXAMPLE IN 

CHAPTER 5 

 

Week Demand in Port D1 (TEU) Demand in Port D2(TEU) Demand in Port D3(TEU) 

1 0 0 0 

2 0 0 0 

3 0 0 0 

4 0 0 0 

5 0 0 0 

6 2200 7300 5700 

7 5600 4400 7800 

8 3600 5400 3500 

9 5500 7100 5400 

10 3100 3300 3300 

11 5000 5100 5100 

12 3900 5000 2700 

13 4100 4500 6600 

14 4800 6300 6900 

15 5100 2100 5000 

16 6000 6900 6400 

17 5700 3200 7400 

18 6100 2800 4300 

19 3200 4300 6300 

20 5400 5800 4200 

21 3700 7000 6200 

22 1800 3700 5700 

23 1600 5400 7800 

24 5200 4900 5200 

25 4800 3600 6100 

26 2200 7300 5700 

27 5600 4400 7800 

28 3600 5400 3500 

29 5500 7100 5400 

30 3100 3300 3300 

31 5000 5100 5100 

32 3900 5000 2700 

33 4100 4500 6600 

34 4800 6300 6900 

35 5100 2100 5000 

36 6000 6900 6400 

37 5700 3200 7400 

38 6100 2800 4300 

39 3200 4300 6300 
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Week Demand in Port D1 (TEU) Demand in Port D2(TEU) Demand in Port D3(TEU) 

40 5400 5800 4200 

41 3700 7000 6200 

42 1800 3700 5700 

43 1600 5400 7800 

44 5200 4900 5200 

45 4800 3600 6100 

46 5400 5800 4200 

47 3700 7000 6200 

48 1800 3700 5700 

49 1600 5400 7800 

50 5200 4900 5200 

51 4800 3600 6100 

52 5400 5800 4200 

 


