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This paper presents a comprehensive review of electronic Transportation 

Management Systems (eTMS) in seaports. The theoretical framework of 

transportation, seaports, transportation management systems, National 

Single Windows and Port Community Systems is provided. The importance 

of electronic platforms that allow electronic data exchange in seaports is 

demonstrated, as well as the impacts of eTMS usage, with the emphasis on 

economic and ecological aspects. The economic aspects of e-TMS in 

seaports mainly refer to the costs related to administrative and commercial 

procedures, while the ecological aspects mainly refer to through CO2 

reduction, mostly during loading and unloading processes. 
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1. INTRODUCTION  

 

Mobility and transport have always played an 

important role in economic, ecological and social 

development [1]. On the one hand, transport is one of 

the main factors of economic growth and quality of life; 
on the other hand, it is one of the main causes of 

environmental pollution [2]. 

The effective transportation systems should provide 

an optimal route with recommended optimized non - 

work stops [3]. However, not all participants are taking 

advantage of the vast benefits a transportation 

management system provides [4]. According to Dreßler 

et al. [5], each participant organizes his own transport 

processes without informing other participants, although 

the smooth flow depends on communication.  

Seaports are important nodes in the intermodal 
transport; their earlier narrow focus on cargo handling 

has been replaced with a wide range of logistic activities 

giving the seaports a more active role in the transport 

chain [6]. However, a lack of awareness of the 

importance of the transportation management system is 

still present in certain less developed seaports [7]. 

Because of significant increase in international trade, 

port facilities are more congested and more errors and 

data duplication occurs because of paper-based 

documents [8]. Seaports should focus to the 

development of platforms that allow electronic data 

exchange such as electronic Transportation 
Management Systems (eTMS).  

Sustainability of transportation systems could be 

evaluated by a set of indicators, among which the most 

common indicators include transport cost, transport 

time, emissions, noise, traffic congestion, and safety [9]. 

This article focuses on the unnecessary costs incurred at 

seaports, as well as on the harmful emissions that are to, 

some extent, the result of inefficient transportation 

management systems and inefficient or even non-

existing seaport IT systems.  
The goal of the article is to research the electronic 

Transportation Management Systems in seaports from 

both economic and ecological aspects. According to 

Gruyter at al. [10], in the transport context, there has 

often been a strong focus on economic outcomes, with 

less consideration given to environmental aspects. 

Although transparency and easy access to data are 

an important part of successful seaport business, the 

ecological aspect is important as well. The research 

problems of this paper are unnecessary costs as well as 

increased harmful emissions due to the archaic or 

inadequate execution and monitoring of business 
processes in seaports. This paper presents a review of 

research papers dealing with this topic, providing a 

better understanding of eTMS implementation in 

seaports. 

 
2. THEORETICAL FRAMEWORK 

 

Transportation is a multimodal, multi-problem and 

multi-spectral system, as it involves different categories 

and activities, such as policy-making, planning, 

designing, infrastructure construction and development 

[11]. Transportation involves interconnected 

stakeholders who have to exchange documents in order 

to execute and complete transport services [12].  
Seaport, as a part of transport chain, is a nodal point 

between land and sea, or a modal interface between 

shipping or sea transportation system on the one side, 

and the land transport network on the other side [13]. 

Efficiency of a seaport is important in international 

trade since a seaport is the nerve of foreign trade of a 

country [14]. Numerous stakeholders operate in the 

complex seaport environment, (shipping companies, 

port authorities, terminal operators, freight brokers etc.), 

and the quality of interaction among the seaport 

stakeholders determines the success of the seaports [12], 
[15].  
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A Transportation Management System is a platform 

that’s designed to streamline the shipping process [16]. 

Transportation Management Systems assist in managing 

certain aspects of the transportation process [17]: 

1. Planning and decision making – TMS will define 

the most efficient transport schemes according to 

given parameters 

2. Transportation Execution – TMS will allow for the 
execution of the transportation plan such as carrier 

rate acceptance, carrier dispatching, electronic data 

interchange (EDI) etc. 

3. Transport follow-up – TMS will allow following 

any physical or administrative operation regarding 

transportation: custom clearance, invoicing and 

booking documents, sending of transport alerts 

(delay, accident, non-forecast stops…) etc. 

Transportation Management Systems still have some 

shortcomings such as [18]: 

1. The monitoring information is confined to the 

positioning and geographical information of the 
goods or vehicles without the physical status 

sensing during the transport procedure 

2. Numerous Transportation Management Systems 

lack a uniform data transferring capability and 

storage format to achieve data sharing and 

integration functionalities. 

Electronic data exchange facilitates data exchange 

between seaport stakeholders, as it represents a 

powerful application of computer communications 

technology [12]. Its value includes such benefits as 

reduced paperwork, elimination of data entry overheads, 
improved accuracy, timely information receipt, 

accelerated cash flow, and reduced inventories [19].  

Two solutions used for communication between 

transport organizers and shipping companies are [20]: 

1. Mediation Service Software (MSS): The 

mediation services include sending the compulsory data 

regarding the weight of goods, transport booking, 

sending shipping instructions, tracking the movement of 

containers, the exchange of bill of lading data, etc. 

2. Electronic Transaction Platform (ETP): Users of 

electronic transaction platforms are able to 
communicate with a large number of global shipping 

companies in a standardized way. It is possible to use a 

software package (dedicated web portal or an 

application) or to integrate own applications with the 

electronic transaction platform. 

Seaports have to continuously improve their 

operations, both commercial and administrative, in 

order not only to optimize their business but also to 

achieve sustainable growth in cargo volumes [21]. The 

usage of information technology as a tool for 

conducting electronic business (with special emphasis 

on the electronic exchange of data and messages within 
the seaport systems) will ensure the efficient connection 

of different segments of business processes that take 

place among the various stakeholders of seaport 

operations [21]. Modern transport and logistics 

environment therefore calls for investments in an 

integral IT solution implementation which will connect 

the (primariliy commercial) seaport stakeholders – a 

Port Community System (PCS). A PCS is a neutral and 

open electronic platform enabling: intelligent and secure 

exchange of information between public and private 

stakeholders in order to improve the competitive 

position of the sea and air ports’ communities. PCS 

optimises, manages and automates port and logistics 

processes through a single submission of data and 

connecting transport and logistics chains [22]. PCS 

helps stakeholders of the port processes to reduce 

logistics costs through faster information flow, to 
deliver the cargo faster, to enable the flow of goods, and 

finally, to boost economic growth [23]. As a secondary 

result it helps to reduce the externalities such as 

pollution and harmful emissions [24].  

Apart from commercial stakeholders and procedures 

which fall under the scope of PCS, the administrative 

procedures (both ship and cargo related) also need to be 

performed in an efficient manner. In order to simplify 

the administrative procedures, a concept of a National 

Single Window (NSW) was introduced. The NSW is a 

facility that allows parties involved in trade and 

transport to lodge standardized information and 
documents with a single-entry point to fulfil all import, 

export, and transit-related regulatory requirements [25]. 

The NSW refers to the implementation of a national 

system that will act as a single point of contact for the 

electronic submission and exchange of information 

between public and private stakeholders from different 

transport modes [26]. 

For the past several years, the EU has been working 

on the development of the European Maritime Single 

Window (EMSW) with the aim to fully harmonize 

interfaces available to operators of ships in order to 
provide required information all across the EU [23]. The 

purpose of EMSW is to standardize information needed 

for port management so that the submitted data can be 

publicly available to all relevant stakeholders [27]. 

 
3. ECONOMIC IMPACTS OF eTMS USAGE IN 
SEAPORTS 
 

Transportation costs are a significant portion of total 

logistics costs for many organizations. To help reduce 

these costs while optimizing service levels, 

transportation management system applications allow 

companies to find carriers, select the best mix of 

transportation services and pricing to determine the best 

of use of containers, rank transportation options, clear 

customs, track fuel usage and product movements, and 

truck carrier performance [28]. 

Transport documents lie at the heart of international 

trade transactions. To the shipping company, freight 
transport documents provide an accounting record of the 

transaction, instructions on where and how to ship the 

goods and a statement giving instructions for handling 

the shipment [29]. The official report of the United 

Nations Commission on International Trade Law 

(UNCITRAL) estimates the costs of the shipping 

documents at $ 420 billion per year at a global level 

[30]. 

According to Cerasis [31], harmonious systems 

should be implemented in order to achieve better 

visibility and a lower occurrence of errors of overall 
supply chain. In the end this will result in lower total 
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costs for the organization even beyond transportation 

costs. 

The importance of electronic exchange of maritime 

cargo documents, that are increasingly present in 

international trade, can be seen through the example of 

the "Bill of Lading" (BL). BL is one of the most 

important documents in the transportation sector. 

According to C. Dr Wu, L. Starr, and J. Tan [32], the 
costs represent one of the main problems associated 

with the paper BL. In this respect, the cost of issuing 

and managing paper BLs, Letters of Indemnity (LOI), 

and other paper documents are estimated to constitute 

upwards of 15% of the physical transportation costs. 

When electronic BLs are used, the requirement for LOIs 

is reduced by some 90% [32]. This means significant 

reduction in costs for the participants involved. 

An electronic Transportation Management System 

reduces shipping expenses by acting as a central hub, 

bringing all information related to costs, contracts, 

carrier options and other shipping information into a 
single, central repository. It also enables shippers to 

compare carrier rates, which improves the negotiation 

position [33]. 

Seaport is often seen as a determinant of the 

economic growth, it contributes to the development of 

economic sectors and to the generation of economic 

benefits [34]. Costs, time and predictability are decisive 

factors for seaport competitiveness [35].  

When transportation management systems are 

efficient, they provide economic opportunities and 

benefits that result in positive multipliers effects such as 
better accessibility to markets, employment and 

additional investments [36]. Proactive seaports draw 

attention to the priority development tasks, among 

which are electronic Transportation Management 

Systems. Such systems aim to facilitate proper planning 

and handling of freight, to aid in monitoring all 

inventory that comes in and leaves the port, and to 

allocate specific zones and manage all inventory within 

the yard. They also facilitate proper loading of the 

vessels, generate invoices for each booking etc. [37].  

Port of Rotterdam has developed and implemented 
an integrated information system “PortMaster” which 

offers various modules for planning, monitoring and 

port administration that will help increase port 

performance at all levels. It aims to efficiently manage 

port calls and to minimise delays, to keep track of all 

vessel movements and to optimise nautical service 

requests, to accurately calculate port dues with minimal 

administrative work load and easy integration into 

existing billing systems, to administrate, monitor and 

report all cargo in the port etc. [38]. 

Unfortunately, in certain less developed seaports, a 

lack of awareness of the importance of the 
transportation management system development is 

present [7]. Some seaports operate without integrated e-

business platforms covering all business processes, and 

that is why certain stakeholders are not sufficiently 

integrated into the transport chain [7].  

The paper documents which are exchanged between 

seaport stakeholders and the necessity of physical 

presence during the so-called “coordination meetings” 

slow down the business processes and produce higher 

costs. In order to maintain effective communication 

among the stakeholders in the seaport environment, a 

Port Community System should be implemented. 

Consequentially, by saving time necessary for the 

completion of business processes, substantial financial 

savings could be achieved by all stakeholders operating 

within the seaport [39]. For example, port of Rotterdam 

has implemented central community system for ports 
called “Portinsider”. It enables faster cargo processing 

time in and out of the port, briefer demurrage time for 

containers and faster turnaround time for ships and 

reduced costs due to delays (up to 20% efficiency gains) 

[40]. This creates more berth capacity. 

As stated above, the connectivity between 

commercial seaport stakeholders and government 

authorities is very important. Ship operators, masters, 

and agents are still burdened with having to fill in paper 

documents which include similar information and to 

distribute them to different government authorities, 

including port, maritime, safety, security, customs, 
border control, and health authorities [41]. This 

increases costs, reducing the competitiveness of 

seaports. The National Single Window aims to simplify 

this administrative burden by providing a place where 

all maritime information is reported once by ship data 

providers, at either national or port level, and made 

available to all relevant authorities [42]. According to 

Djanitey [43], the implementation of the National Single 

Window has reduced costs in Ghana’s ports due to 

reduced transaction time and automation of 

administrative procedures.  
 

4. ECOLOGICAL IMPACTS OF eTMS USAGE IN 
SEAPORTS 

 

Currently, the attention is being paid not only to the 

economic but also to the ecological issues of 

transportation, with the aim to lower the damaging 
impact on the environment [36].  

“Transporeon Group” (linking manufacturers, 

retailers and wholesalers with logistics service 

providers) has developed an electronic transportation 

management system called “Transporeon”, which can 

help shippers handle transport capacity fluctuation and 

eliminate empty runs, while lowering CO2 emissions by 

up to 10% [44].  The aforementioned system enables a 

digital connection between shippers and carriers, 

achieving smarter and transparent effective movement 

of goods around the world as well as real 

communication and collaboration across the worldwide 
shipper-carrier community. 

Business processes which take place in seaports 

cause significant pollution (noise, water, air, etc). 

Furthermore, according to Lei Yang et al. and their 

research “A Carbon Emission Evaluation for an 

Integrated Logistics System - A Case Study of the Port 

of Shenzhen” [45], the air pollution, of which the most 

far-reaching is carbon emission, is quite serious; carbon 

emission is a general name and is an abbreviation of 

greenhouse gas emissions (it not only refers to CO2 

emission but also that of other gases such as nitrous 
oxide, freon, methane, hydrofluorocarbons, and sulfur 

hexafluoride).  Organisation for Economic Co-

https://www.mdpi.com/search?authors=Lei%20Yang&orcid=
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operation and Development divided negative 

environmental impacts in seaports into the following 

categories [46]:  

1. Near-port shipping activities (e.g. limits on the 

sulphur content of the fuels that may be used, and 

requirements regarding the treatment of ballast water) 

2. The handling of the goods in the seaports (e.g. 

emission standards for the handling equipment, and 
limits on permitted noise levels) 

3. The transport of the goods to the hinterland (e.g. 

emission standards for vehicles used in the transport, 

and investments in better road and rail infrastructure). 

 According to T. Notteboom and J. S. L. Lam [47], 

terminal activities are the prime source of 

environmental impact of seaports, which can be 

summarized into the following categories: air emissions 

of ships at berth and terminal handling equipment (such 

as cranes and yard equipment); noise associated with 

cargo handling operations; and the environmental 

effects and potential congestion associated with landside 
operations of barges, rail, and trucks. 

Electronic Transportation Management Systems 

may lower the damaging impact on the environment in 

seaports. The difference between an effective and 

ineffective transportation management system is shown 

in the Figure 1 [7]. 

 

 
Figure 1. The difference between an effective and 

ineffective transportation management system 

 

Waiting for cargo for loading or unloading in 

seaports due to ineffective transportation management 

causes the increase of CO2 emissions. Development of 

electronic Transportation Management System could 

have positive effect on fuel consumption and the 
reduction of CO2 emissions and other harmful 

emissions [48]. According to Ascencio et al. [8], 

unnecessary long waiting time is the result of the 

existence of a large number of public and private 

stakeholders that interact in transport operations which 

causes significant coordination problems among the port 

terminals and their main users, in addition requiring 

very large number of transactions and documentation 

processes, most of them based on paper documents.  

According to Shi, Y. et al. [48], “traffic jams 

become a common obstacle, so the companies have to 
move containers as early as possible in the morning and 

complete all tasks in the afternoon before the rush 

hours; the overall operational performance of drivers is 

not efficient since they waste more time on waiting for 

containers for loading on trucks”.  

Digitalization and connectivity among stakeholders 

will help reduce environmental footprints of the port 

industry along with intelligent transport systems, which 

possess a significant potential to reduce CO2 emissions 
[49]. For example, seaports in Hong Kong, Singapore 

and Taiwan can undertake 46 crane moves per hour, 

which is 43% more efficient than North American ports 

in unloading cargo [49]. As mentioned above, faster 

unloading operations reduce waiting time and lessen the 

harmful environmental impacts in seaports.  

 Port of Rotterdam has recognized the connection 

between transportation management systems and 

ecological issues, and is currently developing a series of 

models for the calculation, analysis and optimization of 

greenhouse emissions within the port authority, a 

number of which are linked to the software application 
“Pronto” [50]. The application reduces waiting times for 

ships calling on the port. “The system provides real-

time insight into the available berths and handling 

capacity. For example, if an incoming ship has to wait 

until a berth becomes available, it can reduce its 

navigation speed – effectively shortening its waiting 

time in the port. This cuts the volume of emissions 

generated during the voyage and at the berth.” [50]. 

 
5. CONCLUSION 
 

Transportation comprises of various activities 

(policy making, planning, designing, infrastructure 

construction and development) and includes 

interconnected stakeholders who have to exchange 

documents in order to execute transport services. In 
order to facilitate the data exchange, various 

technologies exist (depending on different priorities of 

key stakeholders).  

Seaport, as an important part of transportation, 

involves numerous stakeholders such as shipping 

companies, freight brokers, port authorities etc. The 

quality of interaction among the seaport stakeholders 

determines the success of the seaports. A Transportation 

Management System is a platform which enables 

planning and decision making (according to given 

parameters); the execution of the transportation plan 
(carrier dispatching, EDI etc.); transport follow-up; 

following any physical or administrative operation 

regarding transportation: custom clearance, invoicing 

and booking documents etc.  

Seaports have to continuously improve their 

operations, both commercial and administrative. 

Commercial stakeholders fall under the PCS scope. PCS 

enables intelligent and secure exchange of information 

between stakeholders and optimises processes through a 

single submission.  

In order to simplify the administrative procedures, 

the concept of a National Single Window was 
introduced The NSW allows stakeholders to lodge 

standardized administrative information and documents 

with a single-entry point to fulfil all regulatory 
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requirements related to transport (import, export, 

transit). 

Costs are one of the decisive factors for seaport 

competitiveness. Increased traffic, but also a poor 

acceptance of platforms for electronic data exchange, 

leads to increased administrative costs. When 

transportation systems are inadequate in terms of the 

capacity or reliability, they can cause increased costs or 
missed opportunities. In this respect, the most 

developed seaports aim to develop platforms that allow 

electronic data exchange such as electronic 

Transportation Management Systems. Port of Rotterdam 

is one of the examples which took into consideration the 

benefits of eTMS by implementing a central community 

system for ports called “Portinsider”. This digital 

solution enables numerous benefits, among which are 

reduced costs. Ghana’s ports are another example of 

National Single Window implementation that resulted in 

reduced costs due to automation of administrative 

procedures. 
From the ecological aspect, seaports cause, water, 

air and noise pollution. As loading and unloading are 

among the main activities in seaports, unnecessary 

waiting for cargo due to ineffective transportation 

management systems causes the increase of CO2 

emissions. Electronic Transportation Management 

Systems may have positive effect on fuel consumption 

and on the reduction of harmful emissions in seaports. 

Port of Rotterdam implemented a digital solution 

“Pronto” which reduces waiting times for ships calling 

on the port as well as harmful emissions generated 
during the voyage and at the berth. 

The research has shown that the eTMS may have 

positive impact in seaports from the economic and 

ecological points of view. The research results can also 

be used as a basis for future research and further 

development. 
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