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Blurb

This book provides a coherent and systematic view of the key concepts, principles and techniques in maritime container transport and logistics chains including all the main segments: international maritime trade and logistics, freight logistics, container logistics, vessel logistics, port and terminal management, and sustainability issues in maritime transport. 
Container Logistics and Maritime Transport emphasizes analytical methods and current optimization models to tackle challenging issues in maritime transport and logistics. This book takes a holistic approach to cover all the main segments of the container shipping supply chains to achieve an efficient and effective logistics service system across the entire global transport chain. Sustainability issues such as social concern and emissions from shipping and ports are also discussed. Cutting-edge optimization models are presented and explained to tackle various strategic, tactical and operational planning problems. The book will help readers better understand operations management in global maritime container transport chain. It will also provide practical principles and effective techniques and tools for researchers to push forward the frontiers of knowledge and for practitioners to implement decision support systems. 
It will be directly relevant to academic courses related to maritime transport, maritime logistics, transport management, international shipping, port management, container shipping, container logistics, shipping supply chain and international logistics.
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Chapter 1 Overview of container logistics and maritime transport

Abstract: This chapter describes the concepts of maritime transport, logistics, maritime logistics, container shipping supply chain, key performance measures in transport logistics. It also briefly introduces the types of ships, and different shipping sectors. The importance of container shipping will be explained. The key players in container shipping supply chain (CSSC) are explained. Key performance measures in maritime logistics context will be discussed from multiple perspectives including operational efficiency, service effectiveness, environmental aspect and social aspect. The need of quantitative analytical tools in managing maritime transport and logistics is illustrated. Five value-adding segments in CSSC are identified based on literature, which forms the main chapters of this book. Finally, the structure of the book is presented.

1.1 Maritime transport and maritime logistics

Maritime freight transport refers to the movements of cargo (or shipment of goods) between ports via waterways. Maritime transport is regarded as the backbone of global economy and global trade as the majority of world trade is carried by waterways. Lloyd’s Marine Intelligence Unit conducted a year-long analysis on the united nation (UN) trade foreign data for 2006 covering over 1000 commodities and 250 countries. Their research indicated that 75 percent of global merchandise trade by volume (in tonnes) or 60 percent by value (in US$) were transported by sea (Mandryk 2009). More recently, United Nations Conference on Trade and Development (UNCTD) stated that in 2017 around 80 percent of global trade by volume or 70 percent by value were carried by sea and handled by ports (UNCTAD 2018).

The term, maritime transport, is often used interchangeably with shipping. Vessel operations and port operations are essential activities to enable shipping. There are over 50,000 merchant vessels shipping various types of cargo internationally. Shipping cargo can be broadly categorised into three types: dry, liquid and specialised. Each of them can be further divided into sub-categories. Dry cargoes include bulk, general and breakbulk, containers, reefer and Ro-Ro. Liquid cargoes include oil-based products, chemicals and liquefied gasses. Specialised cargoes include livestock and heavy-lift and project cargoes. Maritime freight transport can then be classified into various shipping sectors according to the types of cargo carried by the vessels. The major shipping sectors include: dry bulk carriers, oil tankers, general cargo carriers, and container ships. Container ships account for 13 percent of world fleet in terms of dead-weight tonnage. However, according to World Shipping Council, container ships transport about 60 percent of seaborne trade by value, which amounts over US $4 trillion worth of goods annually. There are over 1000 ports in 200 countries in the world open to container ships. Containers handled by ports worldwide in 2018 were 785 million TEUs (twenty-foot equivalent units). The importance of container shipping is evidenced by the facts that: (i) container ships occupy low market share (13%) of carrying capacity among all shipping sectors but carry the largest market share (60%) of seaborne trade value; (ii) container shipping is the fastest growing sector in shipping in the last two decades with more and more cargo being containerised; (iii) container shipping is regarded as the world's first truly global industry that is able to achieve integrated end-to-end supply chains (www.worldshipping.org). 

Logistics has been defined from various perspective. For example, from the material inventory’s viewpoint, logistic is the “management of materials in motion and at rest”. This definition emphasises the flow and storage of materials in the process. From the customer’s viewpoint, logistics can be defined as getting the right product, to the right customer, in the right quantity, in the right quality (condition), at the right place, at the right time, and at the right cost. This definition emphasises on delivering what customers require in an appropriate way. The Chartered Institute of Logistics & Transport defines logistics as "the time-related positioning of resources", which can be interpreted as the allocation of resources over time and space. Probably the most widely used definition of logistics was given by the Council of Logistics Management (CLM): “the process of planning, implementing, and controlling the efficient, effective flow and storage of goods, services, and related information from point of origin to point of consumption for the purpose of conforming to customer requirements.” This definition may be interpreted from three aspects. Firstly, logistics includes a range of actions such as strategic/ tactical/ operational planning, the execution of the plans, and the adjustment of the plans during the execution. Secondly, it specifies the scope of logistics management including the flow and storage of goods, services and related information from the origin point to the consumption point. Thirdly, the definition states that the objectives of logistics management should focus on efficiency, effectiveness, and meeting customer requirements. 

Logistics includes or is associated with a wide range of activities such as: order processing, inventory control, forecasting, purchasing, production planning, transportation, warehousing, packaging, material handling, site location, customer service. However, the primary components of logistics are transportation, warehousing, and inventory. Although logistics activities have existed for a long time, they were rather fragmented and managed separately. As a scientific subject, logistics management was relatively new and emerged in 1980s. The newness of logistics subject may be understood from two concepts. The first concept is that logistics emphasises the coordinated management across different functions (e.g. purchasing, raw material delivery, production, storage, product distribution, and customer service) and multiple entities (e.g. supplier, manufacturer, and customer). The second concept is that logistics adds values to products or services from customer’s perspective. According to the Utility Theory, there are four values of products to customers: form, time, place, possession. Logistics adds time and place values in products mainly through transportation, inventory and information flows. More specifically, transportation brings the product to customers or have it in convenient place to ensure the product is accessible to customers. Holding inventory of products is to make sure that the product is readily available when customers need it (Ballou 2004).  

Maritime logistics results from the convergence of maritime transport and logistics management. The rationale and the need for such convergence may be explained by the following facts: (i) both concepts concern the physical flows of goods and emphasise on the integration of transportation activities; (ii) the objectives of ocean carriers in maritime transport (such as cost reduction, high utilisation of vessels, and on time delivery) are largely consistent with the objectives of logistics (i.e. cost efficiency, service effectiveness, and customer satisfaction); (iii) shippers, as cargo owners and the ultimate customers of maritime transport, tend to require goods to be delivered at right time, to right place in right condition, which are essentially the same as the logistics goals. These facts and phenomena lead to the emergence of maritime logistics by embedding maritime transport into the logistics context. In that sense, maritime logistics refers to the logistics process involving seaborne transport. Specifically, based on the logistics concept given by the Council of Logistics Management, maritime logistics can be defined as the process of planning, implementing and controlling the efficient, effective flow and storage of goods, services, and related information from point of origin to point of destination involving seaborne transportation to meet customer requirements. 

Maritime logistics distinguishes from maritime transport in two aspects: the focus point and the managerial functions (Song and Panayides 2012). In terms of the focus point, maritime transport emphasises on the management and performance of individual functions associated with seaborne transport. It mainly takes the ocean carrier’ perspective. Maritime logistics emphasises on the management and the performance of the entire system covering all activities associated with the logistics chain. Therefore, maritime logistics takes multiple logistics chain members’ perspectives, particularly the shippers’ perspective that cares more about the overall performance of the supply chain instead of just the seaborne transport leg. In terms of the managerial functions, maritime logistics extends maritime transport beyond the maritime segment. Seaborne transport is only part of the maritime logistics system. Maritime logistics involves other activities such as consolidation, storage, warehousing, inventory management, inland transport, packaging, equipment repositioning, repairing and maintenance, which are largely not considered in traditional maritime transport. 
1.2 Container shipping supply chain

In 1955, Malcolm McLean, a trucking entrepreneur in USA, initiated the practice of using ships to transport entire truck trailers with their cargo inside. The idea is based on the concept of intermodalism under which the same truck trailer can be moved via different transport modes (e.g. sea and road) during its entire journey. Avoiding unloading the cargo inside the truck trailers across different transport modes can minimise the interruption and vastly improve the efficiency of the transportation system. A step further is to leave the trailer on the land and only lift the cargo-laden containers from a truck onto a vessel. This can further simplify the loading and unloading activities at ports and save the spaces on vessels as well. 

To realise intermodal transport, all areas of the logistical chain have to be adapted, not only the containers, but also the vessels, terminals, trucks and trains, handling equipment. In 1961, the International Organisation for Standardisation (ISO) set standard sizes of two most important types of containers, Twenty-foot Equivalent Unit (TEU) and Forty-foot Equivalent Unit (FEU), in which one FEU equals two TEUs. With the standardisation of container sizes, various transport vehicles and handling equipment have been specifically designed to carry and handle the standard size specification. As a result, containers can be moved seamlessly between different transport modes and greatly simplify the entire logistical process. Container transport arguably became the world's first truly global supply chain as a single cargo-laden container can be moved by different transport vehicles (e.g. vessel, train, truck) from its origin to destination along the end-to-end supply chain.

The container shipping supply chain consists several key players: shipper, freight forwarder, shipping line, port/terminal operator, inland carrier, intermodal terminal/depot operator (Lee and Song 2017), which can be explained as follows.

· Shipper drives the transport demand, who generates a request for goods movement from origin to destination. Shipper can be either consignor (exporter) or consignee (importer). 

· Freight forwarder manages and organises the transportation of goods from one place or organization to another. Their traditional role is to prepare the documentations required for customs clearance and insurance. However, they have diversified their role by offering more logistics services such as inventory management, consolidation, warehousing, and inland transport. Freight forwarder act as a middleman between shippers and carriers. From the shipper’s viewpoint, freight forwarder looks like a carrier; from shipping line’s viewpoint, freight forwarder looks like a shipper. 

· Shipping line or ocean carrier is responsible for moving goods from port of origin to port of destination. They operate vessels and provide regular shipping services to shippers and freight forwarders. Moreover, ocean carriers and container lessors have to manage their container fleet including empty container repositioning to ensure container availability.

· Port and terminal operator plays an interface role between seaborne transport and inland transport by handling the vessels, trucks and trains, and transferring containers between these transport vehicles. 

· Inland carrier is responsible for moving goods from one location to another in the hinterland region, e.g. road haulier, rail operator and barge operator. They provide inland transport services to shippers, freight forwarders and ocean carriers.

· Intermodal terminals or depots are located in hinterland region, where containers can be temporarily stored and accessed by trains and trucks. A wide range of logistics activities could be carried out, e.g. storing and warehousing goods, inventory control, consolidation, moving containers and goods, packaging, cross docking, unpacking, repairing and maintenance. 

It should be noted that the functions of these players are evolving over time and may be blurred sometimes. There are also many other stakeholders that are directly or indirectly associated with the container shipping supply chain, which will be discussed in more detail in later chapters.

1.3 Performance measures in container logistics and maritime transport

In the context of transport logistics, four measurement criteria for supply chain performance have been identified: (i) costs, (ii) assets, (iii) reliability, (iv) responsiveness/ flexibility. These four criteria can then be classified into two types of performance measures: internal facing efficiency-related measures and external facing effectiveness-related measures (Lai et al. 2002). The first two criterial are efficiency-related that measure the firm’s internal performances. The last two are effectiveness-related that measure the firm’s external performances. In other words, internal facing measures indicate how well a supply chain member operates, whereas external facing measures indicate how well a supply chain member delivers the products to customers and meets customers’ requirements. 

In the context of maritime logistics, performance measures could be similarly categorised into two groups: operational efficiency and service effectiveness (Song and Panyides 2012). Operational efficiency includes performance indicators such as costs, cash flow, vehicle utilisation, human resource utilisation, and equipment utilisation. Service effectiveness includes performance indicators such as transit time, schedule reliability, quality of service, frequency of service, flexibility, and responsiveness.

The above performance measures largely take the business operations and economic perspective. It is also important to consider environmental and social aspect performances. Environmental performance of maritime transport has attracted much attention in the last decade because of the increasing concerns on climate change and global warming. Noting that transport industry is among the top three CO2 emitters among all economic sectors. Although shipping is regarded as the least environmentally damaging transport modes in comparison with air and road transport means, it still causes significant impacts on the environment, e.g. emission, pollution, oil spilled into the sea, and ballast water. For example, the Third IMO GHG Study estimated that between 2007 and 2012 the shipping sector emitted about 1,000 Mt CO2 per year, which accounted for about 3.1% of annual global CO2 emissions (IMO 2014).

Social performance of maritime transport is regulated by International Maritime Organization (IMO) due to the international nature of shipping. A number of international conventions have been issued by IMO as important tools to regulate the shipping industry. For example, the International Convention on Standards of Training, Certification and Watchkeeping for Seafarers (STCW) is to regulate training needs for seafarers. The International Convention for the Safety of Life at Sea (SOLAS) focuses on the safety management. The Maritime Labour Convention (MLC), issued by the International Labour Organization (ILO) in 2006, provides a standard for seafarers’ working conditions, including working hours, salary, minimum safety requirements, and training (Vejvar et al. 2019). 

Clearly, these performance indicators are not necessarily compatible and sometimes are conflicting. As a result, it is possible that a strategy or practice may improve one type of performance measures while decrease other types of performance measures. We take the slow steaming practice as an example to illustrate this point. Slow steaming refers to the industry practice that the ship sailing speed is reduced significantly below its designed or maximum speed. From the operational efficiency perspective, slow steaming has brought about several benefits to ocean carriers such as fuel consumption savings, reduced maintenance costs, absorbing the vessel overcapacity. From the service effectiveness perspective, reduced planned sailing speed offers ship operators more opportunities to speed up to buffer against uncertainty and improve service reliability, which is beneficial to shippers and terminal operators. On the other hand, slow steaming implies longer transit time at sea, which leads to higher inventory holding costs to shippers. From the environmental perspective, slow steaming can significantly reduce CO2 and air pollutant emissions from shipping. It is reported that reducing ship speed by 10% could lead to 27% reduction of ship emissions. From the social perspective, slow steaming implies that ship crew have to stay on board at sea longer. Therefore, slow steaming practice could have positive and negative impacts on different types of performance indicators, and the impacts on different stakeholders are different. Thus, there is a need of analytical tools and quantitative analysis to evaluate these impacts to better understand the practice and support decision making.

1.4 Value-adding segments in container shipping supply chain

Based on the concept of container shipping industry value chain defined in MergeGlobal (2008), Table 1.1 gives five value-adding segments in container shipping supply chain such as: Shipment arrangement; Container management; Seaborne transport; Port and terminal management; Inland transport & depot management. The sum of total revenues over five segments exceeded US$205 billion in 2006. The exact figures may be debatable, e.g. several studies in the literature have reported that the container provision would cost US$15-20 billion per year. Nevertheless, it did give a rough idea of the importance of the container shipping business from economic aspect.

Table 1.1 Value-adding segments in container shipping supply chain (adapted from MergeGlobal 2008)

	Segment
	Main players
	Key activities
	Total revenue

	Shipment arrangement & depot management
	Shippers; Freight forwarders/ NVOCCs; Logistics service providers;
	Customer sales; Consolidation; Slot booking; Shipment routing; Customs clearance; Tracking and tracing; Storage and maintenance
	US$32 billion

	Container management
	Ocean carriers; Container lessors
	Container ownership; Container leasing; Container repositioning; Storage and maintenance
	US$8 billion

	Seaborne transport
	Ocean carriers; Containership lessors
	Vessel ownership; Vessel chartering; Service network; Vessel scheduling; Vessel operations
	US$102 billion

	Port and terminal management
	Terminal operators; Port authorities; Ocean carriers
	Terminal ownership or lease; Terminal operations; Loading/unloading; Container storage
	US$35 billion

	Inland transport 
	Rail operators; Road hauliers; Freight forwarders; 
	Rail service operations; Truck operations; Container handling; 
	US$28 billion


Taking the logistics management perspective, the five value-adding segments in Table 1.1 may be interpreted as: freight logistics, container logistics, vessel logistics, port/ terminal management, and inland transport vehicle logistics. 

· Freight logistics concerns the arrangement of cargo consolidation, routing and scheduling focusing on the movement of goods from one location to another, which may not necessarily involve seaborne transport, e.g. before or after container shipping. Shippers and freight forwarders are the main players in this sector. The top five ocean freight forwarders in the world in 2018 were: Kuehne Nagel; DHL Supply Chain; Sinotrans; DB Schenker and Panalpina.

· Container logistics concerns the management and control of the container fleet including empty container repositioning globally and regionally to meet customer requirements and maximise container asset utilisation. About 60% of world container fleet are owned by ocean carriers and the remaining part are largely owned by container lessors (Song and Dong 2015). Hence, ocean carriers and container lessors are the main players in this sector. 

· Vessel logistics concerns the management of containership fleet including shipping network design, ship deployment, shipping service routing and scheduling in order to maximize the profit generated from vessels. The top five container shipping companies according to carrying capacity in the world in 2019 were: Maersk, MSC, COSCO, CMA-CGM and Hapag-Lloyd.

· Port and terminal management concerns the efficient and effective handling of containers in the processes of interfacing with vessels, trains and trucks. Port operations also includes the management of container storage and other logistics activities under the concept of port centric-logistics. maintenance. The top five container port in terms of throughput in the world in 2018 were Shanghai, Singapore, Ningbo-Zhoushan, Shenzhen, and Guangzhou.

· Inland transport vehicle logistics concerns the management of vehicle fleets (trains, wagons, trucks, barges) to transport containers between seaports and shippers or intermodal terminals. The main players are rail service operators, road hauliers and barge operators. 

This book will focus the first four value-adding segments since inland transport vehicle logistics is slightly less connected to the maritime transport. The concept of the above value-adding segments mainly focuses on operational efficiency and service effectiveness performance measures. Given the increasing pressure on environmental sustainability of maritime transport from International Maritime Organisation (IMO) and United Nations, it is imperative to consider the environmental and social performance of container shipping supply chain. This book will have a dedicated chapter to address the sustainability issues in maritime transport. 

1.5 Structure of the book

This book consists of seven chapters. Chapter 1 provides a general introduction to container logistics and maritime transport. The concepts of maritime transport, logistics, maritime logistics, container shipping supply chain, key performance measures in transport logistics are explained. The need of quantitative analytical tools for the management of maritime transport and logistics is discussed. The main value-adding segments in container shipping supply chain are identified and used as the basis for the organisation of the chapters in the book.

Chapter 2 introduces the concepts and principles of international maritime trade and international logistics. The impact of the recent regionalisation and the changes in policy on international trade is discussed. The complexity of the international logistics is explained from three channels’ perspective including the transaction and payment channel, the physical distribution channel, and the documentation-communications channel. The interactions between international trade and international logistics are illustrated. 

Chapter 3 focuses on freight logistics and shipment routing taking the shipper’s and freight forwarders’ viewpoint. Several concepts associated with cargo owner are first introduced including shipper, beneficial cargo owner, freight forwarder and non-vessel operating common carrier. The typical notions related to maritime transport mode such as intermodal, multimodal, co-modal, and synchromodal are explained. The shipment routing problems are addressed from the modelling methods including the shortest path methods, the top-down linear programming methods, and the bottom-up agent-based modelling method and multi-agent system. A note is provided to discuss relevant literature and further readings. 

Chapter 4 focuses on container logistics and empty container repositioning taking the asset management perspective. It starts with the basics of container logistics, container types, container ownerships, and container logistics chains, then discusses the advantages and disadvantages of containerisation, and explains the reasons for empty container repositioning (ECR). Potential solution measures to ECR are categorised into several groups from the channel management perspective. Four strategies considering container sharing and route coordination are used to estimate the scale and potential of empty container repositioning in the global context. We then focus on two groups of intro-organisational solution techniques to ECR: network flow models and inventory control models. The solution techniques are elaborated by adopting a simple-to-complex approach. In the first group, simple flow balancing-based ECR policies are presented, and then complex network flow ECR models are formulated. In the second group, firstly, the optimal ECR policies are obtained in two-port systems. Secondly, borrowing the ideas from manufacturing logistics, Kanban and base-stock type control policies are presented to manage ECR in a multi-port single service route. Thirdly, inventory control policies are applied to general shipping service systems and evaluated/optimised using event-driven simulation and meta-heuristics methods. Finally, relevant literature, further reading and future trends are discussed.

Chapter 5 focuses on vessel logistics and shipping operations management. Vessel is the focal asset to provide maritime transport services. Firstly, this chapter introduces the concepts of shipowner, charterer, shipbroker, types of ship charters, and types of vessels. The importance of shipping management and the types of modelling methodologies are explained. Secondly, different types of ship operations are discussed from different criteria such as ship types, the way of doing business, and the geographic coverage. The characteristics of ship operations are explained in comparison with aircraft operations. The phenomena of heterogeneity and fragmentation in maritime transport are discussed. Thirdly, liner shipping operations are described in details including the key players in container shipping supply chain (CSSC), top shipping lines, shipping conferences, and freight rate structure. The main planning problems in liner shipping operations are classified into three planning levels: strategic, tactical and operational. Representative planning problems at three planning levels are selected and addressed in details. Specifically, at strategic level, horizontal cooperation and competition among ocean carriers are discussed and modelled; vertical integration with other players in container shipping supply chain is also discussed. At the tactical level, shipping network design problem is formulated; ship scheduling under uncertainty is addressed. At the operational level, ship speed optimisation and slow steaming are modelled in relation to the common shipping practices; the shipping disruption management is addressed considering both regular uncertainty and disruptive event uncertainty. Finally, relevant literature, further reading and future trends are discussed.

Chapter 6 focuses on port and terminal operations management. The concepts and principles associated with ports, terminals, port community system, container terminal operations are introduced. The main planning problems are classified into a matrix according to planning levels and logistics positions. A case study of London Gateway port is provided to illustrate the terminal operations. Port competition and competitiveness are discussed from different stakeholders' perspectives. A static cost model is given to analyse the port competitiveness from supply chain perspective supported by a case study. Two game theoretic models are presented to model port competition. The first involves shipping line's port-of-call decision. The second involves shippers' port choice. The quayside operations management covers berth allocation problem, quay crane assignment problem, and quay crane scheduling problem. The yardside operations management introduces logistics management problems in container storage yard, followed by two models integrating yard operations with either quayside AGV scheduling or landside vehicle booking information. The landside operations management examines the container terminal gate systems and the main planning problems at seaport rail terminals. A stochastic dynamic programming model is presented to optimise rail terminal container pre-staging, discharging, and loading operations. This chapter also discusses the port congestion issues and the potential mitigation measures. The chapter ends with a brief discussion of relevant literature, further reading and future trends.

Chapter 7 addresses the sustainability issues in maritime transport. The concepts and principles associated with sustainability, corporate social responsibility, and environmental sustainability are first introduced. The status and the measures of sulphur emissions management are discussed including the regulatory development and the potential solution measures. With regard to carbon emission management in shipping, the IMO’s GHG strategy is described and four categories of mitigation measures (operational, technical, market-based, and alternative fuels) are discussed. The pathways toward shipping decarbonisation are explained. To estimate the emissions from ships, activity-based approach has been commonly used. We present an aggregated activity-based method and an operational activity-based method to estimate emissions for the container shipping sector. Noting that operational measure category is more readily available for emission reduction. Two specific operational measures: ship routing with alternative choices, and ship scheduling with planned speed optimisation, are modelled to reduce emissions from shipping. Multiple objectives are considered in order to achieve economic, environmental, and operational efficiency simultaneously. In addition, emission assessment and emission reduction strategies from port-related sources are addressed. Finally, relevant literature and further reading are briefly discussed.

We conclude this chapter with a flowchart to illustrate the relationships of different chapters in Figure 1.1.















Figure 1.1 Flowchart of chapter relationships
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