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Abstract

:

Transshipment is the process of off-loading an intermodal loading unit (for example, different types of containers, semitrailers, swap-bodies, and so on) from one means of transport (for example, a vessel, a freight railcar, etc.) and loading it onto another. Such a process, as well as other logistics services related to loading units, may take place at a transshipment terminal, which is the intermediate node added to an intermodal transport network when combining two or more liner services that facilitate freight transport. Growing customer requirements affect transshipment terminal operations and contribute to the development of comprehensive logistics services. Terminal clients expect the delivery of complex services that often pose serious challenges to terminals providing these services. The specific decision-making tools are essential for facilitating the shaping of terminals’ complex service offerings. In this study, we investigated the issues connected to the complexity of logistics services offered by transshipment terminals. The aim was to develop a decision-making approach to assess the complexity of logistics services offered by these terminals. A procedure for the formulation of complex and comprehensive service sets at transshipment terminals, which includes sustainable energy and energy efficiency issues, was proposed. The approach for assessing the complexity of services at terminals handling intermodal loading units was developed, and an appropriate mathematical model was applied. Consequently, indexes of the efficiency and comprehensiveness levels of ordered services in a terminal were proposed. The ranking of decision-making criteria influencing the shaping of complex service offerings was created based on the results of a questionnaire survey distributed among the managerial representatives of terminals located in Poland. The data obtained with the use of a questionnaire survey allowed us to verify the proposed approach. The research results may be useful for the management of transshipment terminals while making decisions on the creation of comprehensive services offered to their clientele.
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1. Introduction


Transshipment is the process of off-loading an intermodal loading unit (ILU) from one means of transport (for example, a vessel, a freight railcar, etc.) and loading it onto another. A transshipment terminal is the intermediate node added to an intermodal transport network when combining/linking two or more liner services [1]. Transshipment terminals play a significant role in efficient freight delivery as an important link of intermodal transport chains, as has been mentioned by Zhang et al. [2] and other researchers. As a part of transport and logistics systems, the terminals provide material handling and allow for transshipment between various transport modes. The infrastructure and equipment of transshipment terminals provide handling of ILUs (including different types of containers, semitrailers, swap-bodies, and so on) [3,4]. This term has been approved by the directive on intermodal loading units of the European Parliament and Council [5].



Changes in the role of transshipment terminals, designated to serve ILUs, have been observed during the last decade. Such terminals do not serve solely as handling points anymore. On the contrary, they are treated as spaces where various services for the terminals’ clientele are performed [6,7]. These services include ILU weighing, cleaning, formation, quality control, and so forth. Customers expect to receive comprehensive cargo service at one designated location, where a set of individual services performed by one company (also referred to as “entity” herein) is offered. This is also a significant aspect in the case of energy saving and environmental protection; the fewer the number of responsible service providers per order, the less energy is consumed, which in turn can lead to a reduction in negative environmental impacts. Shifting from fossil fuels to electricity and energy efficiency is a matter of terminal operations, as was mentioned by Wilmsmeier et al. [8,9]. Traditionally, the following means of transport have been powered by diesel: ship-to-shore cranes, mobile cranes, rail-mounted gantry cranes, rubber-tired gantry cranes, reach stackers, straddle carriers, tractor-trailer units, and lorries. Currently, all of them can be powered by electricity [8,10]. Various researchers have investigated sustainable energy issues and have discovered methods for reducing energy consumption. For example, Ye et al. [11] suggested that liquefied natural gas import terminals can reduce energy consumption by cold energy recovery of the gas or a boil-off gas handling process. Energy reduction led Alzahrani et al. [12] to review methods for the decarbonization of seaports (seaports are infrastructure facilities that conduct transshipment processes as well), which also can lead to a reduction in energy waste. Moreover, energy consumption can be reduced by proper service operations that are adequately designed and developed.



Management representatives and employees of transshipment terminals make an effort to anticipate and shape their service offerings in order to meet customers’ expectations. On the one hand, such an approach may trigger problems and challenges related to the selection of services shaping a particular offer of a transshipment terminal. On the other hand, it may also lead to meeting customer satisfaction and, consequently, influencing the profitability of a terminal itself. Moreover, the management representatives of such terminals have to assess the convergence of the suggested offer with customers’ expectations in terms of its complexity. The managers require specific tools in order to facilitate an offer while making rational decisions on shaping the terminal’s services. According to a conducted review of the available literature, the issues related to the problems of comprehensive ILU services at transshipment terminals have not been widely discussed so far. Merely selected challenges of terminal services have been analyzed in detail. A research gap was identified in the field of shaping comprehensive service offers for ILUs in transshipment terminals. This finding is supported by the panoramic literature analysis presented in Section 2 of this article. The research gap was outlined, preceded by a comprehensive literature revision, and the components of this gap are presented. The available publications do not contain detailed descriptions of comprehensive service sets in transshipment terminals in terms of service assessment; nevertheless, individual literature items regarding the inclusion of selected services in a comprehensive evaluation have been considered, for example [6,13,14,15] (the details are given in Section 2 of this paper). A lack of a comprehensive and straightforward decision-making approach of multiple factors (decision-making criteria) that support the shaping of transshipment terminal service offers and the assessment of their complexity considering the wide range of performed logistics services was observed.



Therefore, the aim of the paper was to develop a fundamental decision-making approach to assess the complexity of ILU logistics services at transshipment terminals. The goal of this instrument is to assist in the multi-factor decision-making process during the shaping of service offers in a particular transshipment terminal.



The following research questions were formulated:




	(1)

	
How can the complexity of services be assessed?




	(2)

	
What criteria are the most important from the perspective of a particular transshipment terminal’s representatives in the shaping, development, and extension of a transshipment terminal’s comprehensive service offers?









The article describes the issue of ILU comprehensive services in more detail. A procedure for the formulation of a set of comprehensive services at transshipment terminals is proposed, and a method of assessing the complexity of ILU services at transshipment terminals is elaborated. For this purpose, a certain set of decision-making criteria was formulated. A binary system was used to determine the fulfillment or lack of particular criteria. In addition, a method of calculating the level of comprehensiveness (complexity) of a service offering is proposed, and examples of acceptance ranges of the level of complexity of ILU services at transshipment terminals are suggested. An index of ordered service efficiency in a terminal is proposed as well.



The article focuses on transshipment terminals as entities that are primarily related to the profitability of their operations. A case study of transshipment terminals located at container and ferry terminals, as well as road–rail terminals in Poland, was analyzed. A questionnaire was developed, and the survey was carried out in June–July 2020 among the terminal managers. The viewpoints of the terminal representatives who were willing to express their insights, and who are directly responsible for the shaping of the comprehensive services/offers, were taken into consideration. The questionnaire survey was used to collect necessary data to verify the proposed approach. Based on the survey results, the ranking of the decision-making criteria influencing the shaping of the comprehensive service offerings was achieved, and the proposed approach was validated.



Section 2 of the paper presents a detailed literature review that proves that comprehensive and clear decision-making tools employed in shaping sets of complex/comprehensive services have not been developed yet. The methodological part of the paper, the accurate results, and a meticulous discussion are presented in the following consecutive sections. The paper is summarized with a discussion, conclusions, and future potential research interests.




2. Literature Review


The issues of shaping a transshipment terminal’s comprehensive service offerings led the authors to develop a panoramic review as a comprehensive and thematically extensive presentation of the issue.



The available literature widely describes the issues of transport and logistics system functioning, including problems of the intermodal transport processes within these system structures [16,17,18,19,20,21,22,23]. Different approaches related to providing transport services were distinguished, including those based on the conventional conceptualization, the idea of comprehensive transport service, and the concept of comprehensive logistics services [13,24,25,26]. The last concept includes a set of coordinated activities related to the transport of cargo from the dispatch location to the destination of the goods. The process is organized by a transport process operator (or a logistics operator) who undertakes the implementation of all actions and activities related to the handling of the goods and their shipment, including the transport process as well as transport operations [6]. This concept assumes that the scope of the transport services within the transport chain includes the logistics services that may be undertaken at different nodes of this chain, such as transshipment terminals [24].



The analyses of world-renowned scientific databases proved that comprehensive services in connection to intermodal transport are a rare subject of interest. For example, the search of the Web of Science database with the keywords “comprehensive service*” AND “intermodal transport” at the time returned only 10 records—one publication from 2020, two from 2019, four from 2017, one from 2016, and two from 2015 (date of analysis—29 April 2020). Meanwhile, searching the Scopus database with the same set of keywords, eight records were found—two publications from 2020, two from 2019, two from 2017, one from 2016, and two from 2006 (date of analysis—29 April 2020). Five publications are indexed in both databases; therefore, it can be assumed that only thirteen papers and proceeding materials related to the keyword set have been published so far. Nevertheless, after detailed analyses, it was assumed that most of the mentioned papers do not concern “comprehensive services” in the way the authors of this contribution approached the topic. Among the rare cases that correspond to “comprehensive services”, the paper of Beškovnik and Stojaković [14] can be mentioned, in which the authors described stakeholders providing a comprehensive overview of the possibility of introducing new kinds of small consignment services. From the perspective of the current research, another paper of interest is that of Antonowicz [27], whose research revealed that the services offered by an intermodal transport operator can be considered a complex systemic intermodal service.



As it has been mentioned in a broad range of scientific publications related to transport and logistics, services can be carried out for ILUs (e.g., containers, semitrailers, swap-bodies, intermodal wagons, etc.) at transshipment terminals that are allocated in sea- or inland ports on the premises of intermodal terminals, logistics centers, and so on. In the premises of these terminals, various operations and services are carried out to allow for the continuation of ILU transport processes [28]. An extensive review of transport operations in container terminals was conducted by Héctor et al. [29,30]. Steenken et al. [31] classified the main logistics processes and operations performed at these terminals. Transshipment operations of ILUs may be carried out in rail–rail, rail–road, sea–rail, sea–road, and other relations with the use of custom facilities and equipment [32,33]. Attention was drawn to the fact that currently, operations at transshipment terminals are not possible without effective and efficient information flow, the use of information technology, and appropriate optimization methods [31,34,35]. All these aspects, in the opinion of the authors of this paper, may significantly contribute to the development of the subject of comprehensive service offerings.



It should be emphasized that both internal and external factors influence the functioning of such terminals [36,37,38]. Intense competition between intermodal cargo transport networks was observed [39,40,41,42]. Moreover, the majority of transshipment markets, similarly to main-haulage markets, were characterized as highly concentrated [5]. These factors affect the necessity of developing terminal individual business strategies, including the service shaping of competitive and comprehensive offerings. However, the available studies do not contain detailed descriptions of sets of comprehensive services in transshipment terminals.



The main purpose of a comprehensive service is to provide comprehensive logistics services for cargo, which is linked to the need to shape an appropriate service offering and rationalize all the processes and procedures that occur during this offer implementation, The operational costs, delivery time, and safety of the cargo are also affected. Such service offers should be open-ended, allowing for the inclusion of new individual services and the addition of new subcontractors, as well as enabling the potential implementation of innovations and new knowledge. For example, the implementation of smartphone applications ensures the convenient ordering and monitoring of the execution of a particular service [13]. It should be noted that an attempt was made to describe these service implementations for refrigerated container transportation [6]; however, the study did not refer to transshipment terminals operating other types of ILUs.



A comprehensive logistics service should meet the customer’s requirements and expectations in terms of punctuality, compatibility, and flexibility [43,44,45,46]. These requirements must be considered by terminal operators during the shaping of an offer of proposed services [47]. Such an offer must be examined in a continuous manner. As an example, a survey tool has often been used to examine user satisfaction regarding the quality of the terminal facility and service level [48,49]. An evaluation of customer satisfaction in container ports was carried out by Jafari et al. [50]. Gajewska and Grigoroudis [51] focused on the importance of logistics service attributes influencing customer satisfaction. Kilibarda et al. [52] presented a literature review on logistics service quality. These authors mentioned that there were not enough approaches or models that deal comprehensively with the issue of logistics services and their systematization. It should be highlighted that Kilibarda et al. [52] developed a comprehensive review of logistics services; nevertheless, they did not define any model (as it was not the aim of their review). They highlighted time delays as a cause of low-quality service and dissatisfaction among customers. Kilibarda et al. [52] also reported selected indicators for analyses of the quality of logistics services. These indicators are mentioned in a number of research papers, as follows:




	
Gil Saura et al. [53]—these researchers analyzed the influence of the quality and timeliness of logistics services on satisfaction, which, according to the authors, can result in customer loyalty;



	
Feng et al. [54]—timeliness was mentioned by these authors together with other qualitative variables and factors, such as personal contact quality, order quality, order discrepancy handling, order condition, and convenience;



	
Tian et al. [55], Millen et al. [56]—these researchers also considered timeliness, defining it as deliveries provided on time;



	
Gotzamani et al. [57]—the following indicators in the order of appearance were mentioned: on-time delivery, error-free transactions, consistency of order cycle, no goods damaged in handling or delivery, no stock-outs defined in the procedures or logistics services instructions, accurate inventory, information-reliable suppliers; a general remark of the authors was that third-party logistics (3PL) companies provide higher quality logistics services;



	
Kilibarda et al. [58]—the authors highlighted that the delivery of goods significantly influences the quality of logistics services;



	
Sohn et al. [59]—the ability to provide IT-based solutions was analyzed; additionally, the authors observed some applications of “must-be” quality that do not contribute to customer satisfaction;



	
Murfield et al. [60]—these researchers considered delivery on time; in their opinion, timeliness is the driver of consumer satisfaction and loyalty in omni-channel environments;



	
Mentzer et al. [61]—order processing, order assembly, and delivery were mentioned by the authors as activities of no consequence to a customer in physical distribution service, contrary to the quality and timeliness of their performance;



	
Rafele [62]—the author considered the level of service in relation to the overall service as an indicator, that is, the effect of activities on customers, which was assessed as the number of deliveries per number of orders;



	
Kisperska-Moroń [63]—the author selected indicators and factors such as lead time, promptness of deliveries, precision of delivered assortment, flexibility of deliveries, availability of additional services, quality of delivered products;



	
Mentzer et al. [64]—these authors’ choices of indicators and factors were as follows: quality of contact with personnel, order release quantities, information quality, ordering procedures, order accuracy, order condition, order quality, order discrepancy handling, and timeliness;



	
Juga et al. [65]—the groups of indicators that were considered were focused on operational service quality, personal service quality, and technical service quality;



	
Rafiq and Jaafar [66]—functional measures were regarded as excellent quality indicators in the sector, whereas technical measures, such as order quality, order release quantities, and order accuracy, were considered less appropriate;



	
Sohal et al. [67]—failures in logistics processes were investigated; in turn, Gotzamani et al. [57] reported an observed lack of interest in the case of service quality implementation;



	
Refs. [68,69,70,71]—in the case of these papers, flexibility, elasticity, and reliability were of interest to the author; according to Hartmann and De Grahl [70], flexibility is a valuable and distinctive ability of a logistics service provider, as well as a key driver of successful relationships with customers; it is also worth mentioning that Liu and Xie [72] developed an expected revenue model with consideration for the quality decision making of logistics services supply chains with predefined game models (nevertheless, it should be highlighted that an indicator itself may not take into consideration the significant aspects of the services).








Following the review conducted by Kilibarda et al. [52], an empirical study of service attributes at container terminals was done by Lu et al. [71]. The motivation of terminal operators behind a competitive service offering was analyzed by Protic et al. in order to identify value-added services [7].



Among the wide range of issues, the complexity of services was often mentioned, as it can be observed in the above-referenced research; however, a method for its unambiguous assessment has not been described in a clear manner in relation to ILU services at transshipment terminals. Such a method should include the consideration of formal modeling. Formal modeling can be found in selected research contributions, such as that of Liu and Xie [72]; however, firstly, it is a very rare approach, and secondly, it only considers selected factors and ratios. Therefore, a complex solution is still of utmost necessity.



The necessity of high-quality service performance for ILUs was highlighted in the literature as well. Pham and Yeo [73] investigated the service quality of transshipment container terminals in Vietnam from the perspective of shipping companies. The consistent fuzzy preference relation method has been introduced to solve multicriteria service quality problems with the use of both empirical data and expert knowledge. The quality of services for refrigerated containers in Poland from the perspective of container terminals was investigated by Filina-Dawidowicz and Gajewska [43]. Ma et al. [74] analyzed the performance of the two resource-sharing strategies in a container terminal in Hong Kong with respect to operating costs, service quality level, and operations efficiency. In the study by Wei et al. [75], the efficiency of load transshipment at a port railway container intermodal terminal mainly depended on factors such as the arrival time, loading rate, and cargo volume. The authors also brought to attention the implementation of quality management systems that influence the quality of performed operations [76]. According to Pujats et al. [40], operators of container terminals are always seeking better policy and operational plan developments. The authors of the mentioned paper reviewed and investigated seaport and container terminal competition and cooperation involving various stakeholders.



Different approaches for the assessment of terminal operations have been developed. Castilla-Rodríguez et al. [77] stated that terminal managers deal with an extensive variety of interrelated logistics problems, and the effectiveness and productivity of the terminal greatly depend on their solution. Pokrovskaya and Fedorenko [78] developed methods for the integrated assessment of the parameters of terminals and other logistics facilities based on the total rating and applied assessment tools used for carrying out an analysis of the activities carried out these locations on several key parameters. The potential implications of the identified core characteristics of service in three areas of transport practices, as examined by Jittrapirom et al. [79], are as follows: travel demand modeling, a supply-side analysis, and business model design. Chao and Chen [80] formulated a general time-space model to reposition reefer containers among selected Asian seaports. Costea et al. [81] defined a model for the assessment of the quality of time in terms of waiting time, taking into consideration a terminal’s activity based on the ships’ traffic coefficient in the seaport. It was also highlighted that transshipment terminals should be designed to allow for the implementation of potential innovations [44]. The innovations are then evaluated by the increase in performance for the total intermodal transport solution. For example, Jiang et al. [82] observed that in order to meet the growing customer demands, port operators are in need of sustainable solutions and have to adopt automated container terminals (ACTs) while considering aspects of ecology.



The problems of shaping services were also described in the literature. According to Solak Fişkin et al. [15], the increasing interest in intermodal transport expressed by stakeholders, such as shippers and carriers, has led logistics service providers and transport operators to expand their offerings with the latest intermodal transport services. The authors also identified the common stages of newly developed services in the processes of intermodal transport. Alam and Perry [83] introduced a customer-oriented service development process that was new at the time, but is still worth mentioning. They suggested the following methodology for the process: firstly, obtain customer input through meetings between customers and a stakeholder development team, then observe customers and occasionally carry out detailed questionnaires at selected stages in the development process in order to generate innovative insight. Likewise, Shekar [84] elaborated an innovative model of service development that incorporates the participation of users and service staff (which might be also understood as a stakeholder development team). This kind of cooperation is related to the awareness that the development of products and services is a result of business activity that is based on the knowledge of employees—understood here as service staff [85]. The high importance of analyzing applied and newly designed workflows to find the optimal method of operations and achieving the best possible performance while taking into consideration the significant role of engineers, who have the appropriate knowledge and abilities, was also highlighted [86]. Furthermore, Calderón and Miller [87] conducted a comprehensive literature review focused on the supply aspect of mobility services, providing relevant insights at three different levels of services development: conceptual, operational, and modeling. Kamargianni et al. [88] reviewed up-to-date mobility services and suggested the application of an index to evaluate the level of mobility integration for each service. The index assumes that a higher level of integration is more appealing to customers. Macharis et al. [89] proposed the setup of a web-based tool designed to support customers, enabling them to check if intermodal transport is appropriate for them. The analyzed literature references revealed only selected problems of service shaping in the sphere of transport, and do not present the complex view of comprehensive services of ILUs at transshipment terminals.



It should be highlighted that terminal management representatives have their own viewpoints on shaping services. Terminal customers usually determine the demand for services; however, the final decision for launching the services is made by the terminal managerial offices. These decisions may be influenced by the ability to finance an investment on their own or with a loan, legal restrictions, available employees, technical equipment, and so on. Therefore, the insight of terminal representatives and their customers should be investigated to determine what their viewpoints are on the aspects considered while shaping the service offerings.



Transport and logistics markets put high demands on swift decision-making and economic feasibility [78]. Therefore, decision-making models should be improved in order to support the safe and efficient performance of transport tasks. In their research, Legato and Mazza [38] discussed certain open modeling issues and encouraging results. As a result, they provided selected guidelines for future research associated with the adaption of container terminal logistics under the large range of techniques and algorithms that are available nowadays for supporting long-term decision making. Tong and Xu [90] investigated the problems of making the optimal decisions for deliveries to transshipment terminals with multi-location inventory (this topic was also considered by Ližbetin [91]). According to decision models, the optimal mode of transshipment distribution was obtained based on a set of parameters that ensure the same spatial displacement, fewer expenditures, reduction in the transportation time of goods in transit, and warranty of cargo safety. Zhang et al. [2] demonstrated a solution in a cost–benefit analysis context with user valuations of intermodal freight transport reliabilities. The authors proved as well that projects for the renovation and expansion of a transshipment terminal were found to be more effective compared to a project that improves the rail haulage speed. It is worth noting that nowadays, many services are performed under outsourcing agreements, and the appropriate decisions in this context should be taken into consideration [92]. Multicriteria analyses were also applied to solve transport and logistics issues [89,93,94]. The models presented in the previously mentioned publications are not applied to assess the service complexity of a transshipment terminal; however, they can become significant supports in terms of achieving such an objective. Nevertheless, this does not mean that multicriteria analyses do not apply to the assessment of service complexity.



Many reference items in the available literature describe the issues of services offered in public transport and the approaches for their shaping, which might be implemented into an ILU comprehensive service set. In their research, Guidon et al. [95] discussed approaches to service merging in the passenger transportation market known as mobility as a service (MaaS) [96]. They stated that in a competitive market, the potential success of MaaS fusion follows consumer valuation of the service fusion as compared to the valuation of stand-alone services. Such a statement emphasized that customers are willing to purchase fusion services depending on the service structure. Yang et al. [97] introduced a new approach based on degree centrality (the primary measure for evaluating the importance of nodes in a network) and a gravity model to assess the comprehensive public transport service accessibility. The gravity model is understood as a measure for the relationship between two nodes in a network, which is positively correlated with connections of two nodes, and inversely correlated with impedances such as time, distance, and costs. A comprehensive public transport service accessibility index was formulated for modeling a public transport network configuration by Yang et al. [97] to quantify accessibility at the community level. In turn, Moskolai et al. [98] proposed an ontology-based approach for complexity management in the design of a sustainable urban mobility system. The suggested method combines approaches of engineering systems and knowledge engineering to manage the complexity of assessing the sustainability of an urban mobility system.



Protic et al. [7] revealed a terminal operator’s motives behind a competitive service offering to identify promising new value-added services and investigated the impact of the implementation of a new service on a terminal’s performance. The analysis showed various impacts of new services on a terminal’s performance and highlighted the importance of understanding the cascade effects of management decisions in intermodal inland terminals.



The authors of the current paper briefly reviewed significant aspects, research approaches, and contributions related to the matter of services at transshipment terminals, which are important from the viewpoint of the development and assessment of comprehensive service offerings. As was mentioned above, the comprehensiveness of services is an identified approach; nevertheless, there is a lack of research in relation to ILU services at transshipment terminals. The analyzed publications of the scientific community of transport revealed only selected problems and challenges of service shaping in the sphere of transshipment terminals, and the shaping of neither complex nor comprehensive service offerings of ILUs was noticed or confirmed. The authors distinguished various approaches and methods for service quality assessment, as follows:




	
SERVQUAL—this model analyzes the difference between the user’s perception and expectations [99,100,101,102]; the model was mentioned in Kilibarda et al. [52] as not very universal across the business, that is, in the logistics sector;



	
SERVPERF—this model was presented by, for example, Cronin and Taylor [103]; however, this logistics service quality model, which focuses on processes and uses a Likert scale, is believed to be seldom operated in markets other than the United States (according to [52]);



	
Kano model—this model considers attractive attributes, one-dimensional attributes, and must-be attributes for a service quality assessment [54],



	
Statistical approaches, standards (e.g., ISO standards), and other approaches, such as regression analysis, that identify the relationships between a perfect company’s internal and external operational quality practices [104];



	
Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) [105];



	
ANOVA and linear regression [56,68].








In rare cases, these models are combined into a hybrid one, such as the model applied by Baki et al. [106].



This paper’s research gap was identified to cover the lack of the following aspects:




	
A comprehensive and clear decision-making approach that supports management representatives of transshipment terminals in shaping comprehensive service offers,



	
Criteria set for decision-making regarding a comprehensive service at transshipment terminals that may be used by management representatives of transshipment terminals;



	
Decision-making models that allow for assessing the complexity of services offered by transshipment terminals to their clientele considering the wide range of performed logistics services.








All of the above-mentioned aspects justify the need to research the assessment of the complexity of services offered by transshipment terminals.




3. Materials and Methods


To execute the presented research, the authors developed and applied a methodology covering several steps, which are presented in Figure 1.



As a result of the literature review and actual research analysis, the issues with sets of comprehensive services at transshipment terminals are described in more detail. Attention was paid to various services that may shape the service offers of transshipment terminals. Firstly, it was assumed that the aspect of terminal profitability would be analyzed in detail, without direct consideration of the social and environmental aspects influencing terminal operations. Based on such an assumption, certain assessment criteria enabling the service evaluation rules were selected. These criteria are intended for decision-makers who may consider them to assess the possibility of adding a potential new service to the whole service offering.



The method of selecting services and appending them to the comprehensive service offering of a transshipment terminal was identified and the procedure for the formulation of a set of comprehensive services at a transshipment terminal was proposed. The objective function optimization in this research is the maximization of the level of the comprehensiveness of services at a particular transshipment terminal.



A method of decision-making was developed as well. A procedure for assessing the complexity of a logistics service at a particular transshipment terminal was elaborated, and a mathematical model that enables the calculation of the level of service complexity was proposed. A binary system was used to examine the criteria fulfillment. An index of ordered service efficiency in a transshipment terminal was suggested as well. Examples of acceptance ranges for the level of ILU service complexity at a particular transshipment terminal were introduced to show the possibilities of applying the computation results.



The procedure and approach presented in this paper are enriched with a case study of transshipment terminals located in Poland. The case study was analyzed, and a marketing research tool was used in order to collect the information necessary to verify the developed approach and mathematical model. To enable such an effect, the survey questionnaire was developed and sent in an electronic format to representatives of 32 transshipment terminals. The target audience covered transshipment terminals of different kinds, including maritime container terminals, ferry terminals, and railroad intermodal terminals. Available terminals were qualified to take part in the research; the selection of terminals allowed us to investigate the services of different ILU types in terminals located both in seaports and the hinterlands. Additionally, phone calls were made to inform the terminal representatives about the conducted survey and to strengthen their interest in the conducted research. The survey was carried out from 12 June to 7 July 2020.



The authors obtained the insights of 10 terminal representatives who expressed their willingness to complete the questionnaire (the return rate was equal to 0.3125). The questionnaires were filled out by representatives of transshipment terminals responsible for decision-making processes related to the shaping of comprehensive service offerings. These terminals are located in the following voivodeships of Poland: Greater Poland (Wielkopolskie), Masovia (Mazowieckie), Lodz (Łódzkie), Pomerania (Pomorskie), Silesia (Śląskie), and West Pomerania (Zachodniopomorskie). Four of the mentioned terminals are situated within seaport premises (container and ferry terminals), and the other six terminals are considered rail–road terminals. The analyzed terminals provide mainly international operations; only one terminal’s representative declared that the terminal’s activity is related solely to domestic transport connections. It should be highlighted that it does not matter whether the considered terminals provide domestic or international operations from a practical point of view, as they engage in the same basic operations. The analysis of the achieved results allowed us to investigate transshipment terminal viewpoints on the importance of the criteria used for decision-making.



Based on the collected information, the ranking of the analyzed criteria was developed. This allowed us to determine the most important criteria used to make a decision regarding a particular service from a transshipment terminal perspective. The achieved results constituted the input data for the developed model and were also used to validate the developed approach.



Finally, the research results were discussed, and conclusions were drawn. Moreover, further research directions are suggested.




4. Results


4.1. Formulation of Comprehensive Services Set at Transshipment Terminal


As it was stated in Section 3, a comprehensive ILU service covers all the operations ensured by a single entity responsible for the implementation of operations. In the case of such an approach, a particular customer does not order various services from several suppliers but instead receives all necessary services from a single entity. Such an approach ensures proper, functional, and effective cargo handling. Such an entity can be a terminal operator, freight forwarder, logistics operator, or another participant in a particular transport chain. The execution of ILU services by a single operator is facilitated by a set of comprehensive services. The operator is responsible for ensuring the integrity of all processes implemented in a terminal for cargo service. The method for providing a comprehensive ILU service in a transshipment terminal is presented in Figure 2.



There are numerous services that are performed at transshipment terminals. These services may cover standard services, such as overloading operations, storage, and ILU movement on terminal territory, as well as additional services (tailored for the specific terminal’s needs), including ILU forming, weighing, cleaning, cargo quality control, and so forth (Table 1). Particular transshipment terminals develop their own offerings. It should be mentioned that a much broader range of services is performed for different container types in comparison to other kinds of ILUs. For example, refrigerated containers should be additionally plugged into an electricity supply system located at a terminal, and the temperature inside these load units should be monitored in a regular manner. Moreover, the usage of transshipment terminals extends the range of services with so-called logistics services, including the completion and unloading of ILUs, providing customers with information on cargo service status, cargo distribution, insurance and advertisement, organization of the intermodal transport chain, external expert opinions and consultancy, and more.



To shape a comprehensive service offering set for ILUs at a transshipment terminal, the aforementioned services may be divided into groups, as listed below:




	
Available services that are performed within a terminal at certain analyzed moments (these include decisions regarding services included or removed from the comprehensive service offering);



	
Planned services that are planned to be included in the service offering in the future and should be analyzed in detail regarding their possible attractiveness and profitability;



	
New services that are included in the evaluation process to be included in a terminal’s offering;



	
Obsolete services that are not profitable or cannot be performed anymore due to a particular set of reasons.








The formulation for a set of comprehensive services at a transshipment terminal is presented in Figure 3. Particular services may be regularly assessed according to a certain set of evaluation rules in order to make a decision regarding a particular service—whether it should be added, removed, or left in the comprehensive ILU service offering.



It should be noted that service evaluation rules may differ according to particular transshipment terminals and may include, among others, costs and profits, demands, reliability of services, risk of failure to perform services, operation duration, and other indexes. These terms may form a set of decision-making criteria for the selection of services to formulate a comprehensive service of ILUs at certain transshipment terminals—Equation (1).


  C R =  {  c  r i  :   i = 1 , 2 , … , I  }  ,   i ∈  ℵ +  ,  



(1)




where:




	
  C R  —a set of decision-making criteria;



	
  c  r i   —a sequenced number of a particular criterion,   i =  {  1 , 2 , … , I  }   ;



	
 I —the total number of criteria in a set of decision-making criteria (enumerated criteria).








The criteria may be considered collectively or separately. The descriptions of selected criteria, noted as   c  r i  ,   and the methods for their assessment are shown in Table 2. The presented criteria mainly cover the profitability of a particular terminal’s activity and may be supplemented by other criteria related to, for example, social, economic, and environmental aspects, considering the individual needs of the terminals. The criteria may be calculated independently. One should bear in mind that a company interested in service shaping can choose only selected criteria for evaluation; therefore, a subset of selected criteria must be defined.   C  R s    is the subset of selected criteria, whereas   C  R s  ⊂ C R  . In such a case, the evaluation is related to the subset only.



The fulfillment of a criterion or the lack of fulfilment can be examined by means of the assignment of a binary system value to a criterion parameter, as is suggested within Equation (2).    E  C R     is applied when the criteria are considered only for one customer, and   E  C R J    is applied in the case of considering the opinions of more than one customer and the assessment of enlarging the service offerings.


       E  C R   =  {  e  (  c  r i   )  :   i = 1 , 2 , … , I  }  ,   i ∈  ℵ +    ,    e  c r i   ∈  E  C R   →  {  0 ,   1  }  ,          E  C R J   =  {  e  (  c  r i  ; j  )  :   i = 1 , 2 , … , I ;   j = 1 , 2 , … , J  }  ,   i ∈  ℵ +  ,   j ∈  ℵ +    , e  (  c  r i  ; j  )  ∈  E  C R J   →  {  0 ,   1  }  ,      



(2)




where:




	
   E  C R    —a set of binary evaluation of   c  r i    criteria;



	
   E  C R J    —a matrix of a binary evaluation of   c  r i    criteria, in the case of the opinions of J customers;



	
 j —a consecutive number of a customer who fills out a particular questionnaire (the questionnaire is discussed in further detail in the paper);



	
  e  (  c  r i   )   —a binary evaluation that is equal to one when the   c  r i    criterion is fulfilled; (  e  (  c  r i   )    = 1) and zero otherwise (  e  (  c  r i   )     = 0) if the criterion is not a part of a subset   C  R s  ,   then its evaluation value is equal to zero by default—  ∃   c  r i  ∈ C R \ C  R s  : e  (  c  r i   )  = 0  ; similar presumptions occur in the case of   e  (  c  r i  ; j  )   .








The criteria may be evaluated according to the binary rules mentioned in Table 2; nevertheless, if it is not possible to obtain quantitative data (evaluation data) directly from a customer’s company (for example, because of trade secrets or inadequate knowledge management), it can be analyzed based on the evaluation questionnaire by omitting Table 2 and using Equation (4) instead. Further in the paper, the authors do not differentiate between equations for a set and a matrix—a matrix is treated as a set when  j  is assigned to only one customer.



It is worth mentioning that if a new   c  r i    is needed (i > 14), Table 2 should be enriched by a new definition of this decision-making criterion and the additional consecutive note   c  r i   . In the current version of this model, a binary rating is proposed—either the inclusion of a service in a particular offer is related to the use of sustainable (for example, renewable, electrical) energy in its scope or it is not (it is included as one of the criteria in Table 2). It is a more complex challenge, as it is worth analyzing how energy is exploited in terminals in general and its sources [107]. It is worth mentioning here that in the context of Sustainable Development Goal 7 [108], transshipment terminals as well as other logistics facilities are obliged to increase their energy efficiency. A reduction in the environmental impact and the application of electric and autonomous vehicles in intermodal transport chains is expected [109]. Therefore, clean energy technologies (including sustainable energy and energy-efficient technologies) should also be delivered by a method for new service assessment (in Figure 4).



When individual criteria have been subjected to estimation, it is possible to assess them (as a group). This assessment may help in a making a decision on whether a given service should be included in the set of comprehensive services. It is suggested to also use a ratio of criteria fulfillment for such an evaluation    e  C R    , which is calculated as the quotient of the sum of    e  C R    ( i )    parameters and the criteria population. The value    e  C R     should be compared with the limit, keeping in mind that the limit is set by default (0.80 here), and a different value may be adopted depending on the experts’ opinion. When    e  C R   ≥ 0.80 ,   then a particular service can be included in the offering for customers (which means that it can be added to a set of available services carried out as part of a transshipment terminal that is,    S  a v    , which is discussed in Section 5 in detail.



Equation (3) is applied when evaluation data are obtained. Otherwise, Equation (4) should be used. The use of Equation (4) is connected to the application of an evaluation questionnaire (a sample questionnaire is given further in the paper) filled out by a particular number of customers. The customers assess certain criteria for including particular services in their portfolio. The assessments are given on a Likert scale [110] from 1 to 6, where 1 is understood as the least important criterion, and 6 is the most important one. According to Equation (4),   q  (  c  r  i ;   j  )    = 0 when the opinion of a customer divided by a higher number of points in the applied Likert scale is less than 0.5, and   q  (  c  r  i ;   j  )    = 1 when the opinion of a customer divided by a higher number of points in the Likert scale is equal to or greater than 0.5. If evaluation data are obtained, Equation (4) can be omitted, and the   q  (  c  r i  ; j  )    values correspond to the binary values attributed to   e  (  c  r i  ; j  )  ,   as indicated in Equation (5).


      Q  C R J   =  {  q  (  c  r  i ;   j  )  :   i = 1 , 2 , … , I ;   j = 1 , 2 , … , J  }  , i ∈  ℵ +    ,   j ∈  ℵ +  ,       q  (  c  r  i ;   j  )  ∈  Q  C R J   →  {  0 ,   1  }  ,     



(3)




where:




	
   Q  C R J    —a set (or a matrix) of binary evaluations of   c  r i    criterion (criteria) in the case of a questionnaire of J customers;



	
  q  (  c  r  i ;   j  )   —an element of the    Q  C R J     set of binary evaluations of   c  r i    criterion (criteria) in the case of questionnaire of jth customer.










       Q  C R J   =  {      ∃  (    o  (  c  r i  ; j  )   L   )  < 0.5 : q  (  c  r i  ; j  )  = 0 ;       ∃  (    o  (  c  r i  ; j  )   L   )  ≥ 0.5 : q  (  c  r i  ; j  )  = 1         :   i = 1 , 2 , … , I ;   j = 1 , 2 , … , J      }    ,   i ∈  ℵ +    ,   j ∈  ℵ +  ,        q  (  c  r  i ;   j  )   ∈   Q  C R J    → { 0 ,   1 } ,    



(4)




where:




	3.

	
  o  (  c  r i  ; j  )   —a customer’s opinion indicated in the Likert scale (its value is equal to a number of points indicated in the criterion   c  r i    by a jth customer);




	4.

	
L—a number of Likert scale points.









After the obtainment of the questionnaire, it can be proclaimed that two sets    E  C R J     and    Q  C R J     correspond with each other, as it is given in Equation (5).


    E  C R J   ≡  Q  C R J   ≡  {      q  (  c  r i  ; j  )  ≡ e  (  c  r i  ; j  )  :       i = 1 , 2 , … , I ;   j = 1 , 2 , … , J      }    ,   i ∈  ℵ +    ,   j ∈  ℵ +  ,   



(5)







In the case of each criterion, a ratio of criterion    e  C R    ( i )    fulfillment should be estimated based on Equation (6). Such an estimation consists of calculating the average value of the binary evaluation indicator   e  (  c  r i  ; j  )    for all the customer opinions meeting the criterion of the ith number. When all the ratio of criterion    e  C R    ( i )    values are calculated, that is, the values composed of the set    e  C R I     are known (Equation (7)), it is possible to compute the ratio of criteria fulfillment    e  C R     based on Equation (8).


   ∀   i ∈  ℵ +  :    e  C R    ( i )  =     ∑   j ∈  ℵ +    e  (  c  r i  ; j  )   J    ,   e  (  c  r i  ; j  )  ∈ 〈 0 ; 1 〉 ∧ J ≠ 0 ,   



(6)






   e  C R I   =  {   e  C R    ( i )  :   i = 1 , 2 , … , I  }  ,   i ∈  ℵ +  ,  



(7)






   e  C R   =     ∑   i ∈  ℵ +     e  C R    ( i )   I  ,   e  (  c  r i  ; j  )  ∈ 〈 0 ; 1 〉 ∧ J ≠ 0 ,  



(8)







The procedure for the formulation of a set of comprehensive services at a transshipment terminal, given in Figure 4, can be used.



Once the potential new service is assessed with the evaluation criteria, the service complexity at a transshipment terminal should be analyzed (including a new service added to a service offer). The proposed theory related to the service complexity is given in Section 4.2, whereas the application of the obtained research results is discussed in Section 4.3 as verification of the proposed approach.




4.2. Approach for the Assessment of the Service Complexity at a Transshipment Terminal


While considering the possibility of a transshipment terminal handling ILUs, it is important to assess whether a respective terminal meets the requirements in the scope of a comprehensive implementation of individual services for a certain loading unit. When it comes to the actual assessment, it is suggested to use a procedure (Figure 5), where four stages are distinguished as follows.



4.2.1. Identification and Analysis of Conditions for the Provision of Services


During this stage, the necessary information and data on the type and conditions of the providing services at a transshipment terminal are gathered to form information databases. These databases should contain information about the available services and customer expectations, ILUs and cargo characteristics, infrastructure and the equipment required to perform the service at the terminal premises, the type of energy used and energy consumption, the possibility of using sustainable energy solutions, and so on. Moreover, the economic, market, legal, and environmental conditions must be examined. These pieces of information can be obtained from market analyses or collected from potential suppliers of services, and so forth.




4.2.2. Identification and Analysis of Services That Will Be Required


During this stage, customer requirements specified in the cargo service order are analyzed, and the ability to provide these services by the transshipment terminal is identified and investigated. In order to provide these services, the range of available services at the transshipment terminal is examined.




4.2.3. Calculation of the Level of Comprehensiveness of Service


The comprehensiveness level of services    C s    at the transshipment terminal is assessed by comparing a cardinality of a set of services ordered by a customer (Equation (9)) with a cardinality of a set of services available at a certain terminal (Equation (10))—this comparison is given here as Equation (11).


   S  a v   =  {   s  a v k   :   k = 1 , 2 , … , K  }  ,   k ∈  ℵ +  ,  



(9)




where:




	
   S  a v    —a set of available services carried out as part of a transshipment terminal;



	
   s  a v k    —an available service numbered as k.










   S  o r   =  {   s  o r l   :   l = 1 , 2 , … , L  }  ,   l ∈  ℵ +  ,  



(10)




where:




	3.

	
   S  o r    —a set of services ordered by a customer;




	4.

	
   s  o r l    —an ordered service numbered as l.











    C s  =    |   S  a v    |     |   S  o r    |    ,    |   S  a v    |  ≠ 0 ,    |   S  o r    |  ≠ 0 ,   



(11)




where:




	
   C s   —a comprehensiveness level of services at a transshipment terminal;



	
   |   S  a v    |   —a cardinality of a set of available services carried out as part of a transshipment terminal;



	
   |   S  o r    |   —a cardinality of a set of services ordered by a customer.








Individual services should be subjected to detailed analysis and the comparison should strive to achieve a situation where    S  o r   ⊂  S  a v    .



It is worth mentioning that the inversion of the comprehensiveness level of services might be treated as the index of the ordered service efficiency in a terminal. It may be determined by the use of Equation (12).


   e s  =  1   C s    ,  



(12)








4.2.4. Decision Making


The results of the calculations are compared with the level of service complexity accepted by the decision makers (   C  s a c c    , Equations (13) and (14)), based on a predefined set of possible decisions (Table 3).



Based on the previous calculation, a decision is made regarding the implementation or introduction of possible changes in the service offering at a selected transshipment terminal. A decision is made according to the conditions given here as Equations (13) and (14).


   C s  → m a x ,  



(13)






   C s  ≥  C  s a c c   ,  



(14)







It should be noted that the complexity of services largely depends on the requirements of transshipment terminal customers. Investigating the possibilities of improving the service offering at this point can take place in the following fields:




	
Investments in the development of a comprehensive service offering may require a high level of financial expenses for the operator;



	
Improving the cooperation between stakeholders of ILU services in a terminal that undertakes the introduction of new or modified solutions within the existing structure of the organization;



	
Searching and establishing cooperation with new subcontractors that may need to identify and agree to the terms of cooperation, and so forth, for individual services to be included in a set of comprehensive services.










4.3. Verification of the Proposed Approach


In order to verify the proposed approach, a case study on transshipment terminals located in Poland was considered. Representatives of the transshipment terminals were asked to rank the proposed criteria in the context of the importance of each criterion in their companies. They assessed the criteria taking into consideration the evaluation rules proposed by the authors in Section 4.1 of this paper for including the services in their portfolios. The assessments were given on a Likert scale [110] from 1 to 6, where 1 was understood as the least important criterion, and 6 was the most important one. The mean value of each criterion assessment indicated by the terminal representatives was calculated based on the obtained feedback. As a result, the ranking of the importance of the selected criteria was achieved (Figure 6).



The results of the feedback from the survey respondent analysis indicated that the demand for service and the compatibility of said service with other services are two the most important criteria among the set of decision-making criteria. The duration of the service launch and the possibility of undertaking the service by means of outsourcing were indicated as the least important criteria.



In order to verify the proposed approach, the obtained data (i.e., the insights of the transshipment terminal representatives) were analyzed, using the procedures presented in Section 4.1 and Section 4.2. At first, Section 4.2.1 and Section 4.2.2 (given in Section 4.2) were considered. Responses from 10 terminals (  o  (  c  r i  ; j  )   , namely the insights of the transshipment terminal representatives indicated on a Likert scale, were analyzed in detail (Table 4). The authors decided that this data may be used for the analysis of new, hypothetical services to be included in the service offering by treating the obtained data as the insights of ten independent customers who assisted in the assessment of this new service. By applying Equations (2)–(4), at first, the values of   o  (  c  r i  ; j  )  / L   were obtained; these were grouped into Table 5. Secondly, a matrix    Q  C R J     of the binary evaluation of the   c  r i    criteria in the case of the questionnaires filled out by J customers is given in Table 6 (excluding the last row of this table). Finally, the set    e  C R I     was generated based on Equations (6) and (7). The results of this set are given in the last row of Table 6. The parameter    e  C R     was calculated according to Equation (8) and is equal to    e  C R   ≥ 0.83  . As was mentioned above, when    e  C R   ≥ 0.80 ,   then a particular service can be included in the offering for customers (which means that it can be added to a set of available services carried out as part of a transshipment terminal i.e.,    S  a v    ).



Once Section 4.2.1 and Section 4.2.2 are realized, the requirements in terms of the comprehensive implementation of individual services for a certain loading unit should be analyzed (Section 4.2.3). To present the application of Section 4.2.3, it was assumed that before the discussed analyses, the transshipment terminal offered four various services. Currently, a set of available services carried out as part of a transshipment terminal    S  a v     increased by one; therefore, the cardinality of the set is equal to    |   S  a v    |    = 5. It was assumed as well that a set of services ordered by a particular customer consists of three elements; therefore, the cardinality of the set is equal to    |   S  o r    |     = 3. Consequently, a comprehensiveness level of services at the transshipment terminal is equal to 1.67, and the index of the ordered service efficiency in the terminal is 0.60. Since    C s    ≥ 1.1, then according to Table 3, the level of service complexity was assessed as high and, accordingly, the acceptance level of the service complexity was assessed as highly acceptable. As a result, it can be stated that this hypothetical transshipment terminal provides a wide range of services, and the recommended decision in the approach, finally, is to implement the set of comprehensive services at the transshipment terminal, unambiguously confirming that a new service can be included in the offering for customers.



It is worth noting an important aspect accompanying the described research. In the case of the survey questionnaire research, testing would require survey score reliability. However, the statistical analysis was not the concept of this research; yet, the authors intended to analyze a local (regional) situation related to the issue of the shaping of complex service offerings. The small sample of collected questionnaires does not allow for the computation of a reliable index of Crombach’s Alpha (in the sense that the result would not be reliable). However, as a substitute, the authors decided to provide the standard deviation and, consequently, the mean squared error of the mean value, both concerning the answers obtained as a result of filling in the questionnaire and related to particular assessment criteria. The values of the standard deviation and the mean squared error of the mean value are given in Figure 6. At the right side of each column in Figure 6 are the mean values for all the answers related to certain assessment criteria; meanwhile, the standard deviations and the mean squared error of the mean values are given in the parentheses, separated by a semicolon.





5. Discussion and Conclusions


The results of the theoretical (the proposed formal model) and empirical (criteria assessment based on data obtained from companies for the verification of the proposed approach) research presented in this paper fill the gap in the field of shaping comprehensive services of ILUs in transshipment terminals. A new approach for the assessment of the complexity of ILU services at certain transshipment terminals has been proposed. The procedure for the formulation of a set of comprehensive services at transshipment terminals and the procedure for assessing the complexity of ILU services at the transshipment terminal was developed. The article presents the instrument proposed by the authors to assess the complexity of ILU services at the transshipment terminals (index of ordered service efficiency evaluation) and acceptance ranges to evaluate their level. The conducted research results allowed us to answer the first research question, namely how can the complexity of services be assessed? The proposed formal model, which enables the calculation of the level of service complexity, constitutes the answer to this question. The coupled theoretical and empirical results show a proposed method of conducting such assessments.



The presented approach was verified based on a case study analysis. The questionnaire survey was carried out among the management representatives of transshipment terminals located in Poland. The received feedback provided the possibility of creating the ranking of the proposed criteria’s importance during the process of decision making related to the shaping of a transshipment terminal’s portfolio. This allowed us to answer the second research question related to the criteria’s importance from the point of view of the terminal representatives. Moreover, it was proved that the developed approach may be implemented in practice.



In analyzing the ranking of the proposed criteria’s importance, attention should be paid to the criterion of high rates of demand for service. It is commonly known that customers influence service demand. The research results prove that this issue is also significant in the case of transshipment terminals. Therefore, it may be stated that the volume of services needed by customers is the most significant aspect for terminals, providing them the basis for further decisions. Moreover, it should be mentioned that the criterion of the importance of services to the customers also ranked high, at fourth place, after the compatibility of services with other services and the flexibility of services. This also proves the significance of customer impact on services offerings. The last two mentioned criteria show that transshipment terminals perceive the need for adding services without making changes to the existing systems and using existing equipment. This is related to the volume of investments needed before the incorporation of a new solution. Moreover, they note that the services should be easily adjusted to the fluctuations in demand and market changes. However, the criteria related directly to the costs and profits of service provisions placed in the middle of the ranking.



The developed approach is applicable to various loading units, including different container types, swap-bodies, semitrailers, and different terminals and serviced transport modes. Furthermore, it is possible to implement the method to assess service complexity while shaping the offering of a set of comprehensive services not only for a transshipment terminal but for the entire integrated transport chain or various links in the transport chain (logistics facilities other than transshipment terminals), taking into account that individual services can be implemented in its nodes. The implementation of this approach by terminals can allow for facilitating the decision-making process and improving their pursuit of meeting customer expectations. Moreover, it could increase the terminal’s level of competitiveness. The presented approach may also become beneficial to other scholars in terms of investigating comprehensive service development. It is suggested that all the approaches developed within this study are referenced as the FiDaKo method.



It should be noted that the research results may be influenced by the relatively small number of terminal representatives who filled out the questionnaires, as well as the market environment relevant to the selected region (Poland, in the case of this research). These two limitations impact the answer to the second research question. Considering the abovementioned influences, in regard to the authors of this paper, it is beneficial for future research development to conduct a survey on a larger scale and in other regions, as well as develop an in-depth comparison of the results achieved in Poland with other countries. Nevertheless, on the basis of the achieved data, it was possible to create a ranking of the proposed criteria’s importance and validate the approach using actual data. The presented analytical model, corresponding to the presented method, was validated based on qualitative data obtained by the application of questionnaires conducted in Poland solely. Among the future research arrangements, the authors plan to research transshipment terminals in regions than other central Europe. The construction of the model enables us to develop it not only for transshipment terminals; therefore, the continuation of validation is also planned for companies in other sectors operating in logistics and transportation as well.



Moreover, for future reference, it would be interesting to consider the matters related to energy and its efficiency in transshipment terminals around the globe.



The set of criteria used to evaluate the services launched in a terminal’s portfolio is still disputable. It should be highlighted that a particular terminal is characterized by its own preferences and the possibilities to adjust its service portfolio to market needs. Moreover, terminals could be willing to use selected criteria from the developed set for further detailed analysis or consider other aspects, including social, legal, environmental, and so on. Therefore, it is important to create the possibility of adding new criteria to this set of open-ended criteria, as well as selecting specific criteria. This indicates the need to examine a broader number of criteria, taking into consideration the individual preferences of particular terminals.



The direction of the authors’ further research will cover the improvement of the decision-making model considering different groups of factors that influence the service offerings. Moreover, the authors plan to implement the model as software based on an analytical, simulation, or numerical model [111,112]. It would also be interesting to investigate the influence of market conditions on the perceptions of terminal representatives on the importance of the selected decision-making criteria, as well as broaden the set of the proposed criteria, considering social and environmental aspects. Furthermore, the insights of the terminal representatives and employees of cooperating institutions may be examined to analyze their viewpoints on the shaping of ILU services.
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Figure 1. Steps of the research methodology. 
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Figure 2. The method of providing comprehensive services in a transshipment terminal. Source: own elaboration, based on [26]. 
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Figure 3. The method of decision making during assessment related to compatibility of available and newly introduced services. 
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Figure 4. Procedure for formulation of a set of comprehensive services at transshipment terminal. 
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Figure 5. The procedure of assessing the complexity of ILU services at a transshipment terminal. 
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Figure 6. The ranking of importance of the criteria shaping the evaluation rules for including services in a transshipment terminal offering (the mean value for all the answers related to certain assessment criteria is given each time before parenthesis, the standard deviation and the mean squared error of the mean value are given each time in the parentheses, separated by a semicolon). 
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Table 1. Exemplification of selected services performed as part of ILU operations at transshipment terminals.
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	ILUs
	Standard Services
	Additional Services





	Container

Semitrailer

Swap-body, etc.
	Overloading

Storage

Movement on a terminal territory, etc.
	Cleaning

Weighing

Repair

Scanning

Cargo quality control

Customs procedures, etc.










[image: Table] 





Table 2. Selected assessment criteria forming the evaluation rules.
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	Criteria (   c  r i    )
	Method to Assess a Particular Criterion
	Comments





	A subset of decision-making criteria related to costs/profits,   c  r 1  , c  r 2   
	      c  r 1  :  {      ∃    K s  ≤  K  s a c c   →  e  c r 1   = 1       ∃    K s  >  K  s a c c   →  e  c r 1   = 0             c  r 2  :  {      ∃   P  r s  ≥ P  r  s a c c   →  e  c r 2   = 1       ∃   P  r s  < P  r  s a c c   →  e  c r 2   = 0            
	   K s   —service costs,    K  s a c c    —service costs accepted by a decision-maker

  P  r s   —profits from a service performance,   P  r  s a c c    —profits acceptable by a decision-maker



	A subset of decision-making criteria related to demands,   c  r 3   
	   c  r 3  :  {      ∃    D s  ≥  D  s a c c   →  e  c r 3   = 1       ∃    D s  <  D  s a c c   →  e  c r 3   = 0         
	   D s   —demand for a service,    D  s a c c    —demand for a service accepted by a decision-maker



	A subset of decision-making criteria related to reliability of a service/risk of failure to undertake a service,   c  r 4  ,   c  r 5   
	      c  r 4  :  {      ∃    N s  ≥  N  s a c c   →  e  c r 4   = 1       ∃    N s  <  N  s a c c   →  e  c r 4   = 0             c  r 5  :  {      ∃    R s  ≥  R  s a c c   →  e  c r 5   = 1       ∃    R s  <  R  s a c c   →  e  c r 5   = 0            
	   N s   —reliability of a service,    N  s a c c    —reliability of a service accepted a by decision-maker,    R s   —risk of failure to perform a service,    R  s a c c    —acceptable value of risk of failure to undertake a service



	A subset of decision-making criteria related to risk of cargo quality decrease,   c  r 6   
	   c  r 6  :  {      ∃    R  c s   ≤  R  c s a c c   →  e  c r 6   = 1       ∃    R  c s   >  R  c s a c c   →  e  c r 6   = 0         
	   R  c s    —risk of cargo quality decrease when undertaking a service,    R  c s a c c    —risk of cargo quality decrease when undertaking an accepted service



	A subset of decision-making criteria related to duration of a service launch, provision,   c  r 7  ,   c  r 8   
	      c  r 7  :  {      ∃    τ  i n s   ≤  τ  i n s a c c   →  e  c r 7   = 1       ∃    τ  i n s   >  τ  i n s a c c   →  e  c r 7   = 0             c  r 8  :  {      ∃    τ  p s   ≥  τ  p s a c c   →  e  c r 8   = 1       ∃    τ  p s   <  τ  p s a c c   →  e  c r 8   = 0            
	   τ  i n s    —duration of service launch,    τ  i n s a c c    —duration of service launch accepted by a decision-maker,    τ  p s    —duration of service provision,    τ  p s a c c    —duration of service provision accepted by a decision-maker



	A subset of decision-making criteria related to importance of a service to a customer,   c  r 9   
	   c  r 9  :  {      ∃    W s  ≥  W  s a c c   →  e  c r 9   = 1       ∃    W s  <  W  s a c c   →  e  c r 9   = 0         
	   W s   —importance of service to a customer,    W  s a c c    —importance of service to a customer accepted by a decision-maker



	A subset of decision-making criteria related to feasibility of innovative solutions,   c  r  10    
	   c  r  10   :  {      ∃    F s  ≥  F  s a c c   →  e  c r 10   = 1       ∃    F s  <  F  s a c c   →  e  c r 10   = 0         
	   F s   —feasibility of innovative solutions within a service,    F  s a c c    —feasibility of innovative solutions within a service accepted by a decision-maker



	A subset of decision-making criteria related to compatibility of a service,   c  r  11    
	   c  r  11   :  {      ∃   C  m s  ≥ C  m  s a c c   →  e  c r 11   = 1       ∃   C  m s  < C  m  s a c c   →  e  c r 11   = 0         
	  C  m s   —compatibility of a service,   C  m  s a c c    —compatibility of a service accepted by a decision-maker



	A subset of decision-making criteria related to flexibility of a service,   c  r  12    
	   c  r  12   :  {      ∃   F  l s  ≥ F  l  s a c c   →  e  c r 12   = 1       ∃   F  l s  < F  l  s a c c   →  e  c r 12   = 0         
	  F  l s   —flexibility of a service,   F  l  s a c c    —flexibility of a service accepted by a decision-maker



	A subset of decision-making criteria related to possibility to undertake a service by means of outsourcing,   c  r  13    
	   c  r  13   :  {      ∃   P  o s  ≥ P  o  s a c c   →  e  c r 13   = 1       ∃   P  o s  < P  o  s a c c   →  e  c r 13   = 0         
	  P  o s   —number of companies that may undertake a service in outsourcing,   P  o  s a c c    —number of companies that may undertake a service in outsourcing accepted by a decision-maker



	A subset of energy efficiency and sustainable energy application,   c  r  14    
	   c  r  14   :  {      ∃    R e  = 1 →  e  c r 14   = 1       ∃    R e  = 0 →  e  c r 14   = 0         
	   R e   —indicator of energy efficiency and sustainable energy application (Boolean assessment)
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Table 3. Examples of acceptance ranges for the level of ILU service complexity at transshipment terminal.






Table 3. Examples of acceptance ranges for the level of ILU service complexity at transshipment terminal.





	Examples of Service Complexity Levels
	Level of Service Complexity
	Acceptance Level of Service Complexity
	Description of the Scope of ILU Services Rendered
	Decision and Further Steps





	   C s    ≥ 1.1
	High
	Highly acceptable
	Particular transshipment terminal provides a wide range of services
	It is recommended to implement the comprehensive service set at a transshipment terminal



	  1.0   ≤      C s    < 1.1
	Average
	Acceptable
	All required services are provided at the transshipment terminal
	It is possible to implement the comprehensive service set at a transshipment terminal



	  0.9   ≤    C s    < 1.0
	Low
	Conditionally acceptable
	Not all the required services are provided at a transshipment terminal; the arrangement of some of them requires the involvement of additional resources, including financial ones, or can be problematic
	Modification of service delivery methods is required to ensure delivery of ordered services



	   C s    < 0.9
	Low
	Unacceptable
	Not all the ordered services that are significant for a customer are available at certain transshipment terminals
	Service should not be executed at this point in time
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Table 4. The customer assessment of criteria shaping given in detail.
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	   j   
	    c  r 1     
	    c  r 2     
	    c  r 3     
	    c  r 4     
	    c  r 5     
	    c  r 6     
	    c  r 7     
	    c  r 8     
	    c  r 9     
	    c  r  10      
	    c  r  11      
	    c  r  12      
	    c  r  13      
	    c  r  14      





	1
	5
	6
	6
	5
	5
	6
	3
	3
	4
	4
	5
	5
	4
	1



	2
	3
	5
	4
	5
	2
	2
	4
	5
	5
	4
	6
	5
	5
	1



	3
	6
	6
	6
	6
	6
	6
	4
	4
	6
	4
	6
	6
	1
	1



	4
	5
	3
	5
	5
	5
	5
	5
	5
	5
	4
	5
	4
	2
	1



	5
	5
	5
	6
	3
	2
	4
	2
	4
	6
	6
	6
	4
	3
	1



	6
	4
	4
	3
	5
	5
	3
	4
	5
	5
	5
	3
	5
	4
	1



	7
	2
	2
	5
	5
	2
	2
	2
	2
	5
	6
	6
	6
	2
	1



	8
	6
	3
	6
	2
	2
	2
	4
	2
	1
	1
	3
	3
	1
	1



	9
	5
	5
	5
	5
	6
	6
	2
	5
	5
	4
	5
	5
	1
	2



	10
	5
	6
	6
	6
	6
	6
	6
	5
	5
	6
	6
	6
	6
	1
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Table 5. Recalculation of the customer assessment values into   o  (  c  r i  ; j  )  / L   values.
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	   j   
	    c  r 1     
	    c  r 2     
	    c  r 3     
	    c  r 4     
	    c  r 5     
	    c  r 6     
	    c  r 7     
	    c  r 8     
	    c  r 9     
	    c  r  10      
	    c  r  11      
	    c  r  12      
	    c  r  13      
	    c  r  14      





	1
	0.83
	1.00
	1.00
	0.83
	0.83
	1.00
	0.50
	0.50
	0.67
	0.67
	0.83
	0.83
	0.67
	0.17



	2
	0.50
	0.83
	0.67
	0.83
	0.33
	0.33
	0.67
	0.83
	0.83
	0.67
	1.00
	0.83
	0.83
	0.17



	3
	1
	1
	1
	1
	1
	1
	0.67
	0.67
	1
	0.67
	1
	1
	0.17
	0.17



	4
	0.83
	0.50
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	0.83
	0.67
	0.83
	0.67
	0.33
	0.17



	5
	0.83
	0.83
	1
	0.50
	0.33
	0.67
	0.33
	0.67
	1
	1
	1
	0.67
	0.50
	0.17



	6
	0.67
	0.67
	0.50
	0.83
	0.83
	0.50
	0.67
	0.83
	0.83
	0.83
	0.50
	0.83
	0.67
	0.17



	7
	0.33
	0.33
	0.83
	0.83
	0.33
	0.33
	0.33
	0.33
	0.83
	1
	1
	1
	0.33
	0.17



	8
	1
	0.50
	1
	0.33
	0.33
	0.33
	0.67
	0.33
	0.17
	0.17
	0.5
	0.50
	0.17
	0.17



	9
	0.83
	0.83
	0.83
	0.83
	1
	1
	0.33
	0.83
	0.83
	0.67
	0.83
	0.83
	0.17
	0.33



	10
	0.83
	1
	1
	1
	1
	1
	1
	0.83
	0.83
	1
	1
	1
	1
	0.17
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Table 6. A matrix of binary evaluation of   c  r i    criteria, in the case of questionnaires filled out by  J  customers.
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	   j   
	    c  r 1     
	    c  r 2     
	    c  r 3     
	    c  r 4     
	    c  r 5     
	    c  r 6     
	    c  r 7     
	    c  r 8     
	    c  r 9     
	    c  r  10      
	    c  r  11      
	    c  r  12      
	    c  r  13      
	    c  r  14      





	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0



	2
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0



	3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0



	4
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0



	5
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1
	0



	6
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0



	7
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0



	8
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0



	9
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0



	10
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0



	    e  C R    ( i )    
	0.9
	0.9
	1.0
	0.9
	0.6
	0.7
	0.7
	0.8
	0.9
	0.9
	1.0
	1.0
	0.5
	0.0
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