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Information Flow Analysis of the Container 
Discharging Process 

Susanne Kellberger 

Abstract 

Information technology is no longer the limiting factor but rather the enabler for 
the analysis of enormous amounts of data and the transformation of data into 
information. However, there is a lack of information quality due to wrong, late or 
imprecise information. The adequate quality of information is crucial for logistics 
processes due to accompanying information flows in order to properly handle the 
flow of goods. 
This paper will takes a closer look at the discharging processes of import and 
transshipment containers and the information which is transferred 
simultaneously between the involved stakeholders. An information flow analysis 
is conducted including a description of the single steps of the discharging 
process. Special attention is paid to step three: the selection of the appropriate 
yard block. In regard of process efficiency this step forms the most critical one. 
A decision tree reveals the necessity of high information quality. An analysis of 
the relevant UN/EDIFACT messages enables a combination of the information 
with the four process steps in a process information flow matrix. 
Due to a research gap regarding the connection of information flows and process 
efficiency within that maritime context, the aim of the paper is to contribute to fill 
that gap by increasing the transparency of the discharging process at container 
terminals. This research is important to identify the state of the art regarding 
current EDI communication between terminal operators and shipping lines from 
the terminal point of view before and during the container discharging process. 
This paper forms the basis for the subsequently following research which will 

141 



Susanne Kellberger 

further model and simulate these processes in order to quantify the impact on 
process efficiency by improving the information quality. 
 
Keywords: container discharging process, information flow analysis, 
information quality, process efficiency 

1. Introduction 

A vessel on the Asia-North Europe route loads containers at terminals in Asia for 
discharge at terminals in Europe. Further containers are discharged and loaded 
at terminals on the way. Due to the number of terminals involved it is very 
complex to have an always updated version of the stowage plan. With such a 
complete plan all terminals involved could stow their containers to the vessel with 
as few shifts as possible. In addition they could discharge their containers directly 
or only with minimal movements of other containers. The manual stowage plan 
(or bayplan for container vessels) is a series of diagrams consisting of each 
cross-section of the vessel and a list of possible locations on the ship and its 
contents. Traditionally the bayplan was transmitted between container terminals 
and ship planners by fax which often was a 60 pages long document. When 
container ports received such a bayplan for a vessel, all the information had to 
be inserted manually into the terminal’s ship planning tool for further processing. 
This operation could take an experienced operator several hours, was prone to 
errors and the information passed was not always up-to-date (Garstone, 1995). 
Nowadays terminal operators do not have to rely on telephone, fax or email 
communication when they share information with their clients, the shipping lines. 
A high number of different terminal operating systems (TOS) is available that 
support the terminal in all processes by connecting all departments and systems 
involved, electronically sharing information with them and supporting decision 
finding by proposing solutions based on internal rules. These TOS receive 
information via different interfaces like electronic data interchange (EDI) or more 
specific via UN/EDIFACT messages in a raw form that is not yet readable and 
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translate the data into information for the benefit of the terminal operator. The 
seamless information flow is essential in order to assure efficient processes. 
Highly flexible logistics chains, with fast response to customer demands, require 
a precise information flow for tracking, planning and control. Information logistics 
require the right information to be in the right place at the right time in the right 
quality. 
In daily terminal operation not all necessary information is available at the 
moment when it is requested. Especially the means and modes of the on-
carriage transport are relevant for the decision where to store the container in the 
yard before it is picked up again. However they are not provided regularly 
(Jürgens et al. 2011). This lack of information often leads to unproductive 
restowing and therefore inefficient processes (Hildebrand 2011). Unproductive 
moves like reshuffles occur when access to a container is only possible after 
others on top of it have been removed. According to Steenken et al. (2004) the 
most important reason for reshuffles is wrong or incomplete information about 
containers to be stacked. 
In accordance with the structure of messages and possible segments of 
information that are transferred between the shipping lines and the terminal 
operators all requirements could be fulfilled if all information would be provided. 
It has been demonstrated by Svilen (2013), that misdeclared information can lead 
to severe incidents when the weight of a container is e. g. actually 5 times as 
high as the declared weight. 
However there is little scientific literature about these information flows, their 
content and when they are sent and requested. In order to demonstrate the 
potential of different levels of information quality, the information flow of the 
storage process needs to be analyzed. An overview of decision problems at 
container terminals and various approaches to solve them is given in Vis and de 
Koster (2003). Their findings from the literature include many sub processes and 
their specific decision problems from berth allocation, via stowage planning on 
the vessel, routing and scheduling of vehicles for horizontal container yard 
transport, distribution of empty containers to ports, up to crane scheduling. 
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Storage strategies are though well described by Chen (1999) for export 
containers. By focusing on export containers, the demand for information was 
rather neglected by him for import containers. The research gap of inbound 
containers has not been filled since then. In addition to that, the connections 
between the physical container discharging processes on the one hand and the 
information flow between the two most involved stakeholders on the other hand 
have not yet been considered in the literature as well. 
The aim of this paper is to increase the transparency of the container discharging 
process at container terminals from the terminals point of view in terms of 
information flows. This work helps to understand which information is relevant for 
which physical process and when and where it is exchanged. 
Section 2 describes the applied method and section 3 presents the findings about 
the process steps and the respective information flow. Section 4 puts the results 
in context and discusses them while section 5 provides suggestions for further 
research. 

2. Method 

In order to narrow the scope an appropriate process is selected. The maritime 
container logistics comprises of many potential processes that could be 
analyzed. The part on which this paper is focusing on is the container discharging 
process from the terminal operator’s point of view. This includes import as well 
as transshipment containers. After specification of the selected process, the most 
relevant process steps are identified. These are further described in section 3.1. 
The process chart does not include all stakeholders in every detail but is rather 
limited to the two most important parties: The terminal operator as well as the 
shipping line and accordingly its liner agent. In the next step it is analyzed how 
these stakeholders communicate with each other in order to transmit the 
respective information. Certain EDI messages are used for that purpose. A closer 
look at these messages identifies those that are relevant for the container 
discharging process. In the next step the content of these messages, the 
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segments of their structure and the order and timing of their transmission are 
analyzed. Finally a process-information-flow matrix is developed that brings 
together the information used and the steps of the analyzed process where the 
information is used. Within that matrix the reading or writing operations are 
indicated. This method is based on the process-information-flow analysis from 
O'Shea, Pawellek and Schramm (2013) with an adoption to the application of the 
specific container discharging process. These results form the basis for further 
research like the simulation of the ideal and the as-is situation which will 
demonstrate the potential that lies in the provision of information in the best 
possible quality. 

3. Results 

3.1 Process 
The object and area of investigation is the process of discharging containers from 
a vessel and storing them in the yard area of the terminal at the exact position 
where they stay for the next 1-10 days. This includes import containers that are 
predetermined to be further transported to the hinterland as well as 
transshipment containers because both are stored in the stock. Hinterland 
processes are not considered neither is the main haulage by vessel. Export 
containers are collected from the hinterland of a port, stacked in the yard and 
transported to the apron before they are loaded onto the vessel. These loading 
processes include other stakeholders, request other information and are different 
from the unloading processes to a large extent. They are not covered by the 
following analysis. 
The examined process starts with a vessel announcement and ends, with the 
storage of the container in the respective yard block. The block is not to be 
confused with “blocks” in automated container terminals with chaotic storage 
strategies. Here “block” refers to an area in the yard dedicated to containers with 
same or similar characteristics. 
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Shipping lines, their liner agents and terminal operators are the only stakeholders 
that are considered here, because they are in the focus of this process. The 
stakeholders are not further subdivided into roles or systems. Other stakeholders 
like customs, shipper, road or rail land transport operators are masked out. 
Process step 1: Vessel announcement 
The process starts with a vessel announcement by the shipping line. This 
announcement is given the first time when the vessel is leaving the first port on 
the route and is renewed every time when changes occur in the time schedule. 
Reasons can be bad weather conditions or delays at other ports caused by strike, 
technical problems or organizational problems. The terminal indicates the receipt 
of the announcement afterwards and confirms the possibility to call the terminal. 
With regard to the container discharging process, this step assures that the 
containers are discharged from the right vessel. 
Process step 2: Container discharge 
In order to assure that the containers are discharged in the right port, the terminal 
needs to get information in advance that contains a list of containers that are to 
be unloaded and their position on the vessel. With this information it is able to 
plan the staff and equipment allocation to the vessel. Further, the TOS can 
calculate the best discharging strategy. With regard to the container discharging 
process, this step assures that the right containers are discharged from the 
vessel. 
Process step 3: Transport to yard block storage  
The storage yard has the function of a temporary buffer area for containers. It is 
organized in block sections in order to consider all specific requirements of 
different containers. Specific areas in the yard are reserved for containers with 
different characteristics, like e. g. the content and the hinterland transport mode. 
Often the yard is also separated into export and import containers. However, 
export containers are not discussed here. A symbolic layout of a general 
container terminal is drawn in Figure 1. This layout is to be used only as a rule of 
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Full containers in merchant’s haulage are stored separately when their content 
are hazardous materials or dangerous goods (DGS). They need to be stored in 
special areas to prevent accidents. These areas have a basin underneath in 
order to hamper hazardous materials to get into the groundwater. Some of them 
need to be kept at a certain temperature. Otherwise the quality of the product 
cannot be ensured any more or they could even damage the container by an 
explosion or at least by an expansion. Such containers are plugged to the 
electrical generator for temperature-controlling in Y 3a. All other dangerous cargo 
is stored in Y 3b, according to their specific requirements that are expressed by 
the hazard code identification IMDG (International Maritime Code for Dangerous 
Goods). 
Containers without a special declaration often also carry temperature-sensitive 
goods like food or pharmaceuticals. These refrigerated containers (or reefer 
containers) therefore need electricity in order to regulate the inside temperature 
as requested. Thus, they are transported to and plugged in at the electrical 
generator of Y 4. 
Following the decision tree in figure 2 all containers with dangerous or 
refrigerated goods, LCL and empty containers have been sorted and assigned 
to their specific areas. The next distinguishing feature is the hinterland transport 
mode. Unloaded containers are usually transported to yard blocks near to their 
on-carriage transport. However, in many cases (20-85 %, depending on the 
terminal and person interviewed) the next transport mode is not known. 
According to Steenken, Voß and Stahlbock (2004) for example the hinterland 
transport mode is not known by the terminal operator at 85 % of the containers 
in the moment of discharge. In these cases it can be checked whether at least 
the final destination is known and the transport mode can be derived from that 
information. If the final destination is not known or the transport mode cannot be 
derived from a given final destination, the container is brought to the parking zone 
Y 5 which is placed in the middle of the terminal. 
If the transport mode is known or can be derived from the final destination, 
another question is to be checked: Will the next transport mode be via land or via 
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sea? In case of transshipment containers or containers that will be transported 
by the mode inland waterway, the container is transported to Y 6, which is closer 
to the water side. 
If the on-carriage transport is done via land transport modes, the last 
differentiation is done between road and rail. Y 7 groups all containers that are 
meant to be transported to the hinterland by trucks. This block is as close as 
possible to the interchange where all paperwork is carried out. Containers that 
use trains as on-carriage transport means are stowed in Y 8 which is located 
closer to the rail tracks. 
Process step 4: Stacking within the selected yard block 
As soon as the system decided in which area of the terminal the container should 
be stored the exact position of the container in the stacks needs to be found. 
However, there are some constraints for this decision. The containers volume 
gives a first indication: It is rarely possible to stack different types of containers 
on top of each other, because of the resulting instability of the stack. There is just 
one exception: A 40’ container can be stacked on top of two 20’ containers. The 
gross weight is another restriction that follows the rule that heavy containers 
should not be put on top of light containers. Thus, the containers have less weight 
the higher their position in the stack. Within the parking zone Y 5 there is flexibility 
which means that containers that most probably are carried by land transport will 
be put nearer to the land side than to the water side and vice versa. 
The time when the on-carriage transport is expected plays another important 
role. If the container’s estimated dwell time is very short, a top position in the 
stack is preferred for that container. In case that a longer dwell time is expected, 
the container is most probably put in a lower position of the stack so that other 
containers can be stacked on top of it. The lack of information about the time 
when the container is transshipped to the next transport mode often causes bottle 
neck situations according to Ilmer (2005). So he proposes a better coordination 
and communication between the shipping line and the terminal operators. 
With regard to the container discharging process, this step ensures that the 
container is stored in the right position of the stack in the yard block. 
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3.2 Information 

3.2.1 Communication between stakeholders 
Before EDI was established as the standard for sharing information between all 
actors of a supply chain, it was daily business to use telephone, fax or letters for 
this purpose. Later emails have replaced the slower postal letters where possible 
but still a manual action was necessary to trigger information exchange. This 
form of communication with the terminals’ clients, the shipping lines, facilitated 
the appearance of errors due to the media breaks. Today many IT systems help 
to keep track of all relevant processes, share necessary information with other 
stakeholders in advance and minimize transmission errors due to less media 
breaks. 
TOS support those terminal processes by connecting all involved departments 
and systems and electronically share information with them. These TOS receive 
information via different interfaces like EDI or more specific via UN/EDIFACT 
messages. UN/EDIFACT (the United Nations rules for Electronic Data 
Interchange for Administration, Commerce and Transport) comprise a set of 
internationally agreed standards, structures and guidelines for the electronic 
interchange of structured data, between information systems since the late 
1980s. 
The development of those EDI standards was closely monitored by the industry. 
Different interpretations of these standard messages in various implementations 
resulted in a lack of interoperability. The growth of international e-commerce 
requested a solution for this problem and for that purpose members of the 
Transport Group harmonized the message implementation guides and improved 
user manuals in 1995. This International Transport Implementation Guidelines 
Group (ITIGG) produced guidelines for all modes of transport and developed 
recommendations which provided software developers with a series of tools to 
assist in designing applications which can be used for worldwide electronic 
trading. The Shiplanning Message Development Group (SMDG) is an official 
pan-European user group with stakeholders from the maritime industry, like 
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container terminals, shipping lines and related companies that develop 
UN/EDIFACT messages as international standards for the maritime industry. Its 
focus is on container-related messages, i.e. stowage plan, load, discharge and 
inland transport. 
All previous mentioned organizations aim to harmonize messages used in the 
transport sector, so that the same message specifications can be used and 
interpreted anywhere in the world in the same way. 

3.2.2 Relevant UN/EDIFACT messages 
An EDI message is a set of structured data for transmission by electronic means, 
prepared in a computer readable format and capable of being automatically and 
unambiguously processed. 
For the maritime container transport a multitude of UN/EDIFACT messages can 
be and are used to communicate and share information. From over 180 possible 
messages the six most relevant ones are chosen for the analysis of the container 
discharging process: CALINF, BAPLIE, COPRAR, MOVINS, COARRI and 
VESDEP. The following figure 3 gives an overview of those messages, in which 
order they are exchanged and who the respective sender and receiver are. The 
BAPLIE is actually sent twice during that process. The first time is indicated in 
figure 3 and the second time an updated version of BAPLIE is sent from the 
terminal to the shipping line and other following terminals right after the 
discharging process. This repetition is not part of this analysis. 
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cases similar. The terminal operator rather confirms or corrects the given 
information in the COARRI report. This is especially necessary in the case of 
divergent information like in 0210 EQD (overlanded or shortlanded containers). 
Process step 1 (right vessel) draws most information from CALINF, BAPLIE and 
COPRAR. Process step 2 (right container) needs the fewest reading operations 
while two come from BAPLIE and one each from COPRAR and MOVINS. The 
question of the third process step (right block) requests the most information. 15 
reading operations are quite equally distributed between COPRAR and MOVINS 
with a little support from BAPLIE. The fourth process step (right position) mainly 
uses information from BAPLIE and COPRAR while two reading operations from 
MOVINS bring further specification regarding off standard measurements and 
more information concerning dangerous goods. 
All writing operations occur only at the COARRI message. 
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4. Discussion and conclusion 

In a vision of optimistic experts and stakeholders of the process, supply chain 
visibility, just-in-time logistics and real-time information sharing is key for future 
freight transport. However, there are two prerequisites to be considered: The 
availability of stable and proven technological solutions on the one side and the 
willingness of stakeholders to share information on the other. 
The first is constantly under development for all logistics processes and already 
applicable for the analyzed process in this paper by the availability of efficient 
telecommunication infrastructure like TOS and reliable standards by the 
agreement on certain UN/EDIFACT messages. 
The second is rather a matter of political and company cultural issues and cannot 
be solved by plain technological solutions. It is one thing to have access to all 
information within one single company, but the true benefit from the latest 
technology will be experienced only when all strive to a global optimum. This 
would include the provision of information in the highest possible quality to supply 
chain partners whenever it is needed. 
The consequences of the sharing or not sharing of information, reflected by 
different degrees of information quality can however be measured when the 
processes are thoroughly analyzed, modeled and simulated. This work has 
contributed to the first part by analyzing not only the process steps but 
additionally the information flows. 
The process information flow matrix reveals that the terminal operator not at all 
is interested into the concrete content of the containers as long as it is not 
relevant for the transport or storage. That information, that is in contrast 
necessary to support the decisions in the process steps 1 to 4 have to be 
available in order to ensure a smooth and seamless discharging process. If 
certain information like the next mode and means of transport or the expected 
time of the on-carriage transport is missing, then the container will most probably 
not be at the optimum position. Unproductive moves will then result from that. As 
Steenken, Voß and Stahlbock (2004) stated the sort and store strategy is hardly 
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done for import containers in container terminals because lot of information is 
missing at the moment of discharge. There are strong indications that there is 
room for improvement of process efficiency when the information quality would 
rise. Enhancing yard management for unloaded containers and minimizing the 
number of reshuffling operations is only possible if the right information is 
available in the right moment with the expected quality. 
This segment of terminal processes has been chosen, because the terminal 
operator is directly benefitting from a higher information quality in that process 
but it is the shipping line that owns the data and decides when is what information 
shared with whom. Indirectly the shipping line also benefits from a higher terminal 
productivity of the terminal operator. 

5. Further research 

The next topic for investigation is the actual real information demand from each 
stakeholder involved at each process step. This could be done by modeling, 
workshops or interviews. In the matrix most of the information has already been 
written when the message reaches the terminal. It is interesting to know at which 
previous step of the process this information is added first into the system. 
The reading and writing operations are not distributed equally which means that 
much more information is needed by the terminal operator who requests this 
information from the shipping line. 
For the container discharging case further research should examine to which 
degree the information available theoretically is really available at the moment of 
discharge. Furthermore it is necessary to know the probability distribution of the 
identified scenarios. This includes the frequency distribution of occurrences of 
the different ‘statuses’ of containers like e. g. FCL, empty, dangerous cargo or 
refrigerated containers. With that input the impact of different degrees of 
information quality on process efficiency should be simulated. 
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