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Executive Summary 

STM solutions are meant to increase the safety and efficiency of marine traffic by 
providing clear and straightforward communication. To evaluate and validate the STM 
on-board solutions, Work Package 3 defined three use-cases: Ship-to-ship route 
exchange via AIS (S2SREX), BIMCO STM clause for voyage charter parties (STM 
clause), and the Estonian Icebreaker Service (EIS). 

Unfortunately, the validation of the STM on-board solutions through the use-cases was 
not fully possible. The three use-cases suffered of drastic disturbances that impacted 
their deployment or operational use. During the STM BALT SAFE project the STM 
clause was not used, the EIS was deployed only in the icebreaker Botnica, and the 
S2SREX was used to an extent much smaller than the planned one.  

To address the changes on the use-cases, the originally planned evaluation and 
validation work was modified. Where possible, earlier studies, interviews, and similar 
solutions were used for the evaluation of the use-cases. Then, depending on how well 
the modified evaluations covered the different aspects of a given use-case, the results 
of the evaluations were deemed either “sufficient” or “insufficient” for validating the use-
case. 

Of the three use-cases, only the evaluation results of the S2SREX use-case were 
deemed sufficient for validation. The S2SREX use-case was found unlikely to improve 
marine traffic safety and therefore, not to provide its envisioned effect.    
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1 Introduction 

Work Package 3 defined three use-cases for evaluating and validating the STM on-
board solutions: Ship-to-ship route exchange via AIS (S2SREX), BIMCO STM clause 
for voyage charter parties (STM clause), and the Estonian Icebreaker Service (EIS). 
These use-cases are meant to demonstrate how STM on-board solutions increase the 
safety and efficiency of marine traffic, especially tanker traffic in the Baltic, by providing 
clear and straightforward digital communication.    

This document describes in detail the evaluation and validation work carried out on each 
of the STM use-cases defined by Work Package 3. The descriptions include the 
methodologies used to evaluate the use-cases, changes in the use-cases and their 
evaluation methods, and the results of the evaluations. The changes include, but are 
not limited, to the ones caused by the COVID19 global pandemic.  

Overall, the purpose of this document is to present all the details that are omitted in the 
document D6.2.0 Analysis and evaluation of the STM use case for tanker traffic, where 
only succinct summaries of the validation results are presented.   

Sections 2, 3, and 4 describe the validation work for the S2SREX, STM clause, an EIS 
use-cases. Final remarks regarding the work can be found in D6.2.0 [1]. 

1.1 Terminology 

Verification, validation, and evaluation are terms commonly understood differently by 
different actors. In the context of the STM use-cases, the following definitions are used: 

• Verification – determine whether the STM solutions used in a use-case meets the 
specified requirements. Simply expressed: determine if the STM solutions in 
question are built right according to pre-defined specifications (e.g. functional 
requirement specifications or standards). 

• Evaluation – assess the general characteristics of a use-case with respect to its 
intended purpose or effect. 

• Validation – determine whether a use-case provides the envisioned effects. Simply 
expressed: determine if the use-case was the right one to implement. 

These definitions are somewhat different from the ones presented in D6.1 [2], where 
no distinction between validation and evaluation was made. 

1.2 Limitations 

The goal of Work Package 6 is to develop a verification approach for the STM solutions 
and to validate use-cases for the STM solutions. This document presents only the 
validation work for the use-cases of STM on-board solutions. The validation work 
consists of evaluations that may or may not be deemed sufficient to validate a use-
cases. The verification work is presented in D6.3 [3]. 
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2 Ship-to-Ship Route Exchange 

2.1 Background 

Ship-to-ship collisions are unacceptable events that threaten life, property, and the 
environment. Since all ship-to-ship collisions start as Close Quarter Situations (CQS), 
bridge teams use a wide range of information from several sources to timely predict and 
avoid a CQS. Ideally, the information used for predicting a CQS should be easily 
accessible, up-to-date, clear, sufficiently detailed, and accurate. Under the past couple 
of decades, the overall quality, and the number of information sources available to 
bridge teams, has improved dramatically. Electronic navigational charts and satellite 
positioning (e.g. GPS) have improved the determination of the current position of ships, 
while AIS has improved the awareness of the presence of other ships. However, 
information sources for the planned movements of a target ship are still limited. VHF 
radio and AIS are possible sources of information for the planned movements. While 
these sources should not be used for resolving CQS (i.e. anticollision), they can be used 
for predicting and avoiding a possible CQS in a timely manner. For example, by 
communicating the destination of a ship and therefore, an understanding of the route a 
ship will take. Unfortunately, communication through VHF radio is not necessarily clear, 
easy, or detailed; and it is not uncommon for AIS data to contain old information. 

Ship to Ship Route Exchange (S2SREX) is a technical solution for broadcasting the 
monitored route of an STM ship (i.e. ships with an STM compatible ECDIS software) to 
other STM ships in its vicinity through an AIS message. Then, if an STM ship follows 
and broadcasts its monitored route, it will effectively communicate its planned 
movements, complementing VHF radio and AIS as an additional source of this kind of 
information that is easily accessible, up-to-date, clear, sufficiently detailed, and 
accurate.  

S2SREX was initially developed during the STM validation project.  During this project, 
several ships were installed with STM compatible ECDIS software that included 
S2SREX. However, the validation of the S2SREX solution was only based on full bridge 
simulations, and no analysis regarding the actual use of S2SREX in day-to-day 
operation was carried out.  

The STM BALT SAFE project continues the validation of the S2SREX solution. 
Originally, the project’s testbed should span the entire Baltic Sea region (i.e. from the 
waters east of Denmark to the Gulf of Finland and the bay of Bothnia) and increase the 
size of the STM fleet (i.e. the number of ships with an STM compatible ECDIS software). 
Furthermore, the STM BALT SAFE project should focus specially on tankers and their 
traffic between Finland and Estonia. 
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2.2 Possible effects of the use-case 

Considering only the description of the use-case and the problem it addresses, these 
are the envisioned possible effects of the use-case.  

Safety 

• Reduced number of CQS avoidance manoeuvres between STM ships using 
S2SREX – due to accessible, clear, and detailed information of the ships’ future 
movements.  

• Increased or decreased distance between STM ships when sailing – due to 
accessible, clear, and detailed information of the ships’ future movements.  

• Increased or decreased traffic misinformation – depending on the percentage of STM 
ships that share their routes and how well they follow them.  

• Decreased VHF radio communication between STM ships using S2SREX – due to 
access to each other’s route.  

 

2.3 Changes  

2.3.1 Changes to the development 

The S2SREX solution was already developed in the previous project, STM Validation.  

2.3.2 Changes to the deployment 

As part of STM BALT SAFE, STM compatible ECDIS software were to be upgraded in 
50 ships that were not part of the STM fleet. COVID19 restricted the access to ships by 
non-essential personnel, limiting dramatically the upgrading of the ECDIS software with 
of STM functionality. At the time of writing, only 6 out of the 50 ships have had their 
ECDIS software upgraded with STM functionality, meaning that the total number of ships 
capable of using S2SREX increased by 6 instead of 50. 

2.3.3 Changes to the validation 

Originally, the adoption and usage analysis would analyse the tracks and broadcasted 
routes of a random sample of STM ships within a period of 3 months. To account for the 
reduced number of active STM ships due to COVID19, the adoption and usage analysis 
was modified to cover the all the STM ships within the entire spatial and temporal 
coverage of AIS data available to RISE. This modification was chosen to provide the 
fullest picture of the adoption and usage of the S2SREX solution. Additionally, the 
adoption and usage analysis was renamed to usage and congruence analysis to better 
reflect its content.  

The HAZID analysis and questionnaires on human performance were substituted by a 
literature survey and stakeholder interviews, as similar work had already been carried 
in the previous projects. 

 

2.4 valuation methods 

The following subsections present the methodologies used to evaluate the S2SREX 
solution. These methodologies are based on the ones presented in the delivery D6.1 [2] 
and include the changes mentioned in previous section 2.3 Changes. For simplicity, a 
ship that has an ECDIS capable of broadcasting its monitored route through a S2SREX 
will be referred to as an “STM ship” regardless of whether they are registered in a 
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platform or not (e.g. Maritime Connectivity Platform or Navelink). If an “STM ship” is not 
registered in a platform, it is not able to share their routes or voyage plans with shore 
(e.g Vessel Traffic Service or Shore Centre). Despite this limitation, using the term “STM 
ship” is here considered appropriate as S2SREX is an STM solution. Additionally, “STM 
fleet” refers to all the ships that have an ECDIS capable of broadcasting its monitored 
route through S2SREX.  

2.4.1 Usage and congruence analysis 

The purpose of this analysis is to determine the effect of the S2SREX solution on traffic 
misinformation. Ideally, the S2SREX solution should decrease traffic misinformation 
since it communicates the planned route of a STM ship in an easily accessible, up-to-
date, clear, sufficiently detailed, and accurate manner. However, if the S2SREX solution 
is not used, or not used correctly, the positive effect on traffic misinformation could be 
negligible or the opposite one. Table 1 presents a table that summarizes this idea. The 
table uses two statistics to determine the effect of the S2SREX solution: usage and 
congruence. Simply stated, “usage” is the percentage of the sailing time that an STM 
ship uses S2SREX (i.e. broadcasts its planned route through S2SREX AIS messages), 
and “congruence” is the percentage of its track that can be said to follow the broadcasted 
planned route.  

Table 1. Interpretation of the effect of usage and congruence on traffic misinformation. 

 

C
o

n
gr

u
e

n
ce

 Above 
75% 

Neutral Decreased traffic misinformation 

Below 
75% 

Increased traffic misinformation Increased traffic misinformation 

  Below 25% Above 25% 

  Usage 

 

For example, an STM ship that has a usage below 25% can either increase traffic 
misinformation or have a neutral effect on it, depending on its congruence. If the 
congruence value is below 75%, then the STM ship would be considered to increase 
traffic misinformation; a highly undesirable effect for the S2SREX solution. The 
percentages, shown in Table 1, defining the boundaries between the different types of 
effects were chosen by the authors as suitable values.  

Detailed explanations on the calculation of usage and congruence are presented in the 
following subsections. 

 

2.4.1.1 AIS coverage 

Since 2017, RISE has received and recorded AIS data streams from several sources. 
The sources consist of governmental organizations, such as Sweden’s Maritime Agency 
(aka. Sjöfartsverket) and the Norwegian Coastal Administration (aka. Kystverket), and 
AISHub, a hub for crowdsourced AIS data.  Figure 1 illustrates RISE’s spatial coverage 
of AIS data in the Baltic region through a heatmap summarizing one year of AIS position 
report messages. The intensity of a pixel’s colour is proportional to the number of AIS 
position reports messages within that pixel.  
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Figure 1 RISE’s spatial coverage of AIS data as a heatmap of recorded AIS position 
report messages. 

While Figure 1 presents a satisfactory AIS coverage in the Baltic region, it does not 
illustrate the temporal changes on said coverage. Unfortunately, the AIS data streams 
available to RISE have not been constant since 2017. Technical disturbances and the 
conclusion the STM Validation project affected the availability of the different AIS data 
streams. Figure 2 presents RISE temporal coverage as a timeline of the availability of 
the different AIS streams. 

 

Figure 2 RISE’s temporal coverage of AIS data as a timeline of the availability of the 
different AIS data streams. 
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While Figure 2 clearly shows that not all sources have been constantly available since 
2017, some of the disturbances and lack of availability are worth explaining. The largest 
disturbance occurred in August 2019 when RISE’s recording software failed and went 
unnoticed for two months. The large disturbances in the AIS data stream from AISHub, 
and its end in December 2020, were due to technical problems on RISE side. Lastly, 
while the Swedish Maritime Agency has shared their AIS data stream with RISE since 
2017, Figure 2 shows that it was not available until November 2020. The reason for this 
unavailability is due to a technical error. S2SREX AIS messages (a subset of AIS binary 
messages) were excluded from the AIS data stream shared with RISE, making it 
unusable for the validation of the S2SREX solution until the issue was resolved.  

2.4.1.2 AIS message pre-processing 

The usage and congruence analysis of the S2SREX solution is based on the AIS 
position report messages for Class A transceivers (AIS Messages 1, 2, and 3) and the 
S2SREX AIS message, a subset of the AIS binary message (AIS message 8). When 
one of these AIS messages is received by RISE, they are given a timestamp and 
recorded on a file. The pre-processing of the AIS messages is as follows: 

1. Load and decode all the AIS messages 1, 2, 3 and 8 for given day. 
2. Identify the vessels sending S2SREX messages by their MMSI and, if missing, 

add them to the list of STM ships. 
3. Discard all the AIS binary messages that are not S2SREX messages. 
4. Discard all the AIS position reports messages from non STM ships.  
5. Discard all the AIS position reports where the Speed Over Ground (SOG) is less 

than 1 knot.  
6. Group the AIS position reports for each STM ship into “trajectories”, where each 

trajectory is a set of at least 5 AIS position reports for a given STM ship with a 
time gap of less than 3 minutes between consecutive messages. Figure 3 
presents an example of the grouping, or splitting, into trajectories.  

7. For each STM ship and S2SREX message, record the timestamp of preceding 
AIS position report. 

8. Filter the Course Over Ground (COG) in the trajectories with a rolling mean 
average filter. 
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Figure 3 Example of trajectories obtained from AIS position reports (green). The gaps 
(yellow circles) correspond to time gaps between consecutive AIS position reports 

larger than 3 minutes. 

The result of the pre-processing of the AIS messages are two datasets, one containing 
the trajectories of STM ships for that day, and one containing the broadcasted planned 
routes (i.e. the content of the S2SREX AIS messages) with some context information.  

2.4.1.3 Calculation of usage 

While deliverable D6.1 [2] contains a definition for usage, in this document, the definition 
has been redefined to be more specific. 

Ships are not always within RISE’s AIS coverage. For example, during a certain month, 
an STM ship may be within RISE’s AIS coverage for only a couple of hours one day.  In 
such a case, it is not possible for RISE to determine the percentage of the total sailing 
time in which that STM ship broadcasts its route. However, what it is possible for RISE 
to determine is the percentage of time that the STM ship broadcasts its route when it is 
within its AIS coverage. Stated more explicitly, for a given STM ship and time window 
(e.g. day, week, month): 

𝑢𝑠𝑎𝑔𝑒 =  
𝑡𝑖𝑚𝑒 𝑢𝑠𝑖𝑛𝑔 𝑆2𝑆𝑅𝐸𝑋

𝑡𝑜𝑡𝑎𝑙 𝑠𝑎𝑖𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
∗ 100  

In this equation, time using S2SREX and total sailing time correspond to the time when 
the given STM ship is within RISE’s AIS coverage and the given time window. The total 
sailing time is determined through the trajectories obtained from pre-processing the AIS 
data (see Section 2.4.1.2) by adding the time-length of all the trajectories of the given 
STM ship within the given time window.  

The time using S2SREX is determined by keeping track of the time between an AIS 
position report message and an S2SREX AIS message (i.e. step 7 in Section 2.4.1.2). 
Figure 4 exemplifies the procedure. While the broadcasting frequency of S2SREX 
messages is 6 minutes according to the specification [4], in this analysis, the ship is 
labelled “using S2SREX” if not more than 20 minutes have passed since the latest 
received S2SREX message. This tolerance of 14 minutes reduces the stringency of the 
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analysis to allow the cases where some of the broadcasted S2SREX messages are not 
received, for example, due to radio shadows or technical disturbances.  

 

Figure 4 Procedure for determining the time that a ship is using S2SREX. If not more 
than 20 minutes have passed since the latest S2SREX AIS message was received, 

the ship labelled as “using S2SREX”. 

 

2.4.1.4 Calculation of congruence 

While deliverable D6.1 [2] contains a definition for congruence, in this document, the 
definition has been redefined to be more specific.  

The S2SREX solution is based on the fundamental expectation that an STM ship will 
follow the route it broadcasts. Clearly, not following the route would lead to more traffic 
misinformation and consequently, have a negative effect on safety. In this document, 
congruence is a statistic that summarizes how much does a given STM ship follows its 
broadcasted route. Stated more explicitly, for a given STM ship and a time window (e.g. 
days, weeks, months): 

 

𝑐𝑜𝑛𝑔𝑟𝑢𝑒𝑛𝑐𝑒 =  
𝑠𝑎𝑖𝑙𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑤ℎ𝑖𝑙𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑜𝑢𝑡𝑒

𝑠𝑎𝑖𝑙𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑢𝑠𝑖𝑛𝑔 𝑆2𝑆𝑅𝐸𝑋 
∗ 100 

 

The variables, sailing distance using S2SREX and sailing distance while following the 
S2SREX route, are calculated from trajectories when the given STM ship is deemed to 
be using S2SREX. The sailing distance using S2SREX is determined by adding the 
length of all the trajectories. While the sailing distance while following the route is 
determined by adding the distances of all the trajectory segments where the STM ship 
is deemed to follow its route.  

The identification of the trajectory segments where the STM ship follows its route is done 
by identifying the following scenarios for each of the AIS position reports in a trajectory: 

1. Following the route: 
a. The STM ship sails with a cross-track error of less than 1 nautical mile.   
b. The STM ship sails with a cross-track error between 1 and 20 nautical 

miles and the COG is within +/- 10 degrees of the present leg.  
2. Sailing to/from the route: 

a. The STM ship sails towards the first waypoint in the broadcasted route. 
b. The STM ship sails past the last waypoint in the broadcasted route.  

3. Broadcast error: The STM ship sails while broadcasting an empty route. 
4. Not following the route: Neither of the above scenarios (1 to 4).  
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The definitions of these 4 scenarios are the result of a number of discussions with 
domain experts (e.g. mariners, pilots, and VTS operators) to determine what “following 
a route” entails, as well as analysing the S2SREX messages. Figure 5 depicts the 
definition of cross-track error: the distance between an AIS position report at the closest 
point in the broadcasted route. Cross-track error calculations are used in the definitions 
of scenarios 1 and 4. For the scenarios 2 and 3, the S2SREX message does not include 
sufficient waypoints to calculate a cross-track error.  

 

 

Figure 5 Definition of cross-track error (XTE). 

Scenarios 1a and 1b correspond to an STM following its broadcasted route. In more 
detail, Scenario 1a corresponds to the case in which one can consider a ship to be 
following its route despite its heading or COG. For example, the ship may be travelling 
perpendicularly to the route leg, but due to its proximity, it is still considered to be 
following the route. Similarly, Scenario 1b corresponds to the case in which one can 
consider a ship to be following its route despite that the ship is far away from its route 
because it is still sailing parallel to it.  For example, a ship giving way to another ship 
may find itself off from its route in such a way. Figure 6 presents a real-world example 
illustrating Scenario 1a and Scenario 1b.  
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Figure 6 Example of a ship following its route (blue) according to Scenario 1a (green) 
and Scenario 2b (red). (Yellow circle added for emphasis.) 

Figures 7 to 11 present some real-world examples of STM ships using S2REX. In Figure 
7 one can see the trajectory of an STM ship sailing towards Trelleborg and its 
broadcasted route (blue). The first trajectory segment is identified as Scenario 4, not 
following the route, and is highlighted in red. The second trajectory segment is identified 
as Scenario 1, following the route, and is highlighted in green. Finally, the third and last 
trajectory segment is identified as Scenario 2, sailing to/from the route, and is highlighted 
in orange. In this example, the sailing distance using S2SREX corresponds the 
combined length of the red, green, and orange trajectory segments, while the sailing 
distance while following the route corresponds only to the length of the green trajectory 
segment. Therefore, for this example, the congruence is high, but not 100%.  

Figure 8 and 9 present examples of the differences between Scenario 1a and Scenario 
1b. In Figure 8 an STM ship is zigzag sailing over its route. Nearly all the green trajectory 
segments correspond to Scenario 1a where the cross-track error is below 1 nautical mile 
and there is no requirement on COG angle. The small green trajectory segment 
observed when the ship turns towards its route the second time corresponds to Scenario 
2a. Comparably, in Figure 9, the green trajectory segments in the lower left corner 
correspond to Scenario 2b. The green segments are separated by short red segments 
where the condition of COG angle is briefly not met. The congruence in both examples 
is around 70%.  

For all the real-world examples in Figures 7 to 9, the congruence is not 100% because 
the ships were deemed not to follow their route all the time. There are multiple possible 
reasons for the deviations. For example, the crew may be unaware of the S2SREX 
solution exists and that it is currently sharing the monitored route, or perhaps the crew 
is aware, but do not have procedures onboard stating when to update the monitored 
route. It is important to emphasize that the congruence measure indicates the presence 
of large deviations but does not explain the reason for them. 
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Figure 7 Example of an STM ship using S2SREX (blue: broadcasted route, orange: 
sailing to/from route, green: following the route, red: not following the route). 

 

Figure 8 Example of an STM ship using S2SREX (blue: broadcasted route, towards 
route-start, green: following the route, red: not following the route). 
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Figure 9 Example of an STM ship using S2SREX (blue: broadcasted route, towards 
route-start, green: following the route, red: not following the route). 

Figure 10 presents an example of a transition between routes two routes. The first 
trajectory segment is identified as Scenario 2, sailing to/from the route, and is highlighted 
in orange. This first trajectory segments corresponds to the first broadcasted route, 
which in the figure consist only of one waypoint by Gdansk and is labelled “A”. The 
second trajectory segment corresponds to Scenario 1, following the route, and as 
before, it is highlighted in green. This second trajectory segment corresponds to the 
second broadcasted route, the blue line labelled “B” in the figure. The congruence for 
this example is less than 10%, as only a small portion of the trajectory is identified as 
Scenario 1.   
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Figure 10 Example of an STM ship using S2SREX (orange: sailing to/from route, 
green: following the route, blue A: first broadcasted route, blue B: second broadcasted 

route).  

Finally, Figure 11 shows the trajectory of an STM ship broadcasting empty S2SREX 
messages. A possible reason for this behaviour could be an error in the implementation 
of the S2SREX solution on the ECDIS of the STM ship. The congruence for this example 
is 0%.  

 

Figure 11 Example of an STM ship using S2SREX (yellow: the ship broadcasts an 
empty S2SREX message).  
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2.4.2 Traffic analysis 

The purpose of this analysis is to evaluate the effect of the S2SREX solution on the 
number of CQS avoidance manoeuvres and the sailing distance between STM ships. 
Ideally, the S2SREX solution should: 

• Decrease the number of CQS avoidance manoeuvres – STM ships should be 
more capable to timely predict and avoid CQS thanks to the information 
provided by the S2SREX solution.  

• Not decrease the distance between them – The information provided by the 
S2SREX solution should not lead to a false sense of security. 

The traffic analysis was slightly modified form the one presented in D6.1 [2] to specify 
more clearly the time and space of the ship traffic in the analysis. The traffic analysis is 
as follows: 

1. Identify a geographical area with crossing traffic where STM ships sail frequently. 
2. Randomly select 30 days in the last year. 
3. For each of the randomly selected days, determine, those where two or more 

STM ships are within 20 nautical miles from each other.  
4. For the days with two or more STM ships within 20 nautical miles from each other, 

identify the following scenarios: 
a. STM scenario: An STM ship within 20 nautical miles of another STM ship. 
b. Null scenario: An STM ship within 20 nautical miles of a non-STM ship. 

5. For each of the two scenarios, obtain the following indicators: 
a. Closest distance between ships.    
b. Presence or absence of a CQS avoidance manoeuvre.  
c. Bow crossing distance if applicable. 

6. Evaluate statistics of the indicators as follows: 
a. If the percentage of STM scenarios with CQS avoidance manoeuvres is 

smaller than the one for the Null scenarios, interpret the result as an 
indication of a reduction on the number of CQS avoidance manoeuvres 
between STM ships using S2SREX. 

b. If the average closest distance for the STM scenarios is smaller than the 
one for the Null scenarios, interpret the result as an indication of a 
decrease in the distance between STM ships when sailing.  

 

To identify a geographical area with crossing traffic and frequently sailed by STM ship, 
a heatmap of the AIS position reports of STM ships was used. Figure 12 presents this 
heatmap. The darker the blue colour, the more frequented the area is by STM ships. 
While there are multiple areas were STM ships frequently sail, the one within a red 
rectangle was chosen for the analysis because it contains crossing traffic, and it is 
frequented by tanker ships.  



 
 

 
STM BALT SAFE – WP6.2 Analysis and evaluation of the STM use 
case for tanker traffic 

20 

 

 

Figure 12 Heatmap of AIS position reports of STM ships and geographic region used 
for the traffic analysis (red rectangle).  

Figure 13 presents an example of ship traffic in the chosen geographic region: 10 
minutes of AIS position reports. Each of the lines in the figure correspond to a ship. The 
purple ones are non-STM ships and the red ones STM ships. Traffic replays consisting 
of multiple similar images were used to visually identify whether CQS avoidance 
manoeuvre was performed by an STM ship. The visual identification was carried out by 
a data analyst and a master mariner.  

 

Figure 13 Example of 10 minutes of ship traffic in the geographic region chosen for the 
analysis (red: STM ships, purple: non-STM ships). 
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2.4.3 Literature survey 

A literature survey was carried out to include research findings about the S2SREX 
solution published during or after the STM Validation project. Two studies by Aylward et 
al.  [5], [6] were identified as relevant. 

2.4.4 Stakeholder Interviews 

A series of interviews were carried out as part of the validation of Work Packages 3, 4, 
and 5. The interviewees were representatives of maritime actors that have used or could 
be affected by the use of the STM BALT SAFE solutions (i.e. stakeholders). The 
questions had one main objective: Determine the existing or envisioned benefits of the 
STM BALT SAFE solutions. In all the interviews S2SREX solution was discussed. The 
interview series were also used as basis of qualitative data retrieval for the two 
forthcoming evaluations in this report i.e. sections 3.4.1 and 4.4.1. A total of 15 
interviews, lasting around 1 hour each, were carried out. Table 2 presents an 
anonymized list of the interviewed stakeholders. 

 

Table 2 List of interviewed stakeholders (VTSO: VTS operator, IB: Ice-breaker 
Service). 

Role Nationality  Role Nationality 

IB coordinator Estonia  VTSO 7 Sweden 

IB captain Estonia  VTS Coordinator Sweden 

VTSO 1 Estonia  Pilot 1 Sweden 

VTSO 2 Estonia  Pilot 2 Sweden 

VTSO 3 Finland  Pilot 3 Sweden 

VTSO 4 Finland  IALA VTS rep. N/A 

VTSO 5 Sweden  Captain 1 Sweden 

VTSO 6 Sweden  Sustainability 
manager 

Sweden 

Shipowner Sweden    

The interviews were performed using a semi-structured approach following a matrix of 
hazards (see Appendix A in D6.2.3 [7]) as a basic structure. At the beginning of each 
interview, depending on the interviewee’s prior knowledge, an introduction was given to 
the STM services and their envisioned use. The question covered potential hazards 
proposed by the authors, but also left room for the interviewee’s own reflections. 
Furthermore, depending on the individual, the questions focused on the relevant STM 
solutions, but also investigated the individual’s opinion on the effect of the solution in the 
overall traffic system. New themes that emerged during the sessions were used to 
develop the set of questions used in subsequent interviews. 
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2.5 Results and discussion 

2.5.1 Adoption and usage analysis 

From September 2017 to July 2021, a total of 129 ships broadcasting their routes 
through S2SREX AIS messages were observed within RISE’s AIS coverage. As stated 
previously (see Section 2.4), in the evaluation and verification of the S2SREX use-case, 
an “STM ship” is a ship installed with an ECDIS capable of broadcasting its monitored 
route through a S2SREX AIS message. Consequently, a ship is registered as such when 
the first S2SREX message containing the ship’s MMSI number is recorded by RISE. An 
important aspect of this definition is that an STM ship does not necessarily have to 
continuously use the S2SREX solution. The crew of an STM ship may turn-off and on 
the route broadcasting via S2SREX as they see fit. At the end of the STM Validation 
project, over 300 STM ships could broadcast their routes through S2SREX, so 129 STM 
ships is well less than half of the entire STM fleet. This difference is likely due to RISE 
limited AIS coverage and the deactivation of the S2SREX broadcasting by STM ships.  

Figure 14 presents two plot lines. The first one, labelled “Total observed STM vessels”, 
describes the changes in the size of the STM fleet over time; while the second one, 
“Active STM vessels”, describes the changes on the number of vessels that actively use 
S2SREX. More specifically, in the figure, an STM ship is deemed as “active” if it has 
used S2SREX at least one time within a given month.  

Overall, Figure 14 shows that while the size of the STM fleet has increased throughout 
the years, the number of STM ships actively using the S2SREX solution has decreased 
since its peak in the autumn of 2018. The oscillations in the “Active STM vessels” can 
be explained as the result changes in RISE’s AIS coverage as well as STM ships 
entering and leaving said coverage.  

 

Figure 14 Number of STM ships over time. 

Figures 15, 16, and 17 present respectively the usage, congruence, and traffic 
misinformation result of the S2SREX solution for every STM ship. Each of the rows 
correspond to an STM ship, which is given an anonymous identification number, and 
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each of the columns to a month. The colour of the cells indicates the value of the variable 
presented by the figure. If a cell is empty, the STM ship was not within RISE’s AIS 
coverage or the AIS coverage was interrupted. If the cell is blue, the STM ship was 
within RISE’s AIS coverage, but was not using S2SREX, and therefore, the variable 
could not be calculated. 

 

Figure 15 Usage of the S2SREX solution over time for all STM ships. (Anonymous 
numbers for the STM ships are given on the left).  
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Figure 16 Congruence of the S2SREX solution over time for all STM ships. (Every row 
is an STM ship). 
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Figure 17 Effects of the S2SREX solution on traffic misinformation over time for all 
STM ships. 
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Figure 15 present the usage of the S2SREX solution. The values follow a pattern that 
matches the one presented in Figure 14: most of the STM ships actively used the 
S2SREX solution during autumn 2018. Interestingly, several ships use the S2SREX 
solution intermittently. This behaviour may be due changes in the crew and their 
attitudes towards the S2SREX solution. Furthermore, the usage tends to be either close 
to 0% or 100%. Considering that the S2SREX solution is not meant to be turn on and 
off constantly, this observation matches what one would expect.   

The congruence of the S2SREX solution for every STM ship is presented in Figure 16. 
The colour coding is different from the one used for usage. Here the blue cells indicate 
that the STM ship was within RISE’s AIS coverage, but was not using S2SREX, and 
therefore, the congruence could not be calculated. For the cells where congruence could 
be calculated, the values are given according to the shown colormap. In the figure, a 
several STM ships have low congruence values (under 25%) over periods longer than 
a month. This kind of behaviour is particularly undesirable. If a user is constantly 
presented with information that seems wrong, he or she may decide that the information 
source is unreliable. Routes broadcasted through S2SREX should be considered as 
reliable, otherwise they are useless. Nevertheless, the figure shows that most of the 
STM ships have high congruence values most of the time.  

Figure 17 presents the traffic misinformation for each of the STM ships. The values and 
colours of the cells are determined from Table 1. Figures 18 and 19 summarize key 
aspects of this figure: the percentage and number of active STM ships that increase or 
decrease traffic misinformation. Together, these three figures clearly show that during 
the entire analysed period, the majority (>50%) of the active STM ships decreased traffic 
misinformation. (The deep in August-September 2020 is caused by a loss of AIS 
coverage.)  

Finally, Table 3 summarizes the effects of the S2SREX solution on traffic misinformation 
over time and for all the STM ships. The values indicate that the S2SREX solution has 
generally decreased traffic misinformation, and therefore, had to some extent a positive 
impact on safety.  
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Figure 18 Percentage of the active STM ships increasing or decreasing traffic 
misinformation over time. 

 

Figure 19 Number of STM ships increasing and decreasing traffic misinformation over 
time. 
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Table 3 Summary of the effects of the S2SREX solution on traffic misinformation. 

Effect Colour Number of STM ships Percentage of the STM fleet 

Increases traffic 
misinformation 

 44 34% 

Neutral  21 16% 

Decreases traffic 
misinformation 

 64 50% 

 

2.5.2 Traffic analysis 

Of the 30 randomly selected days, only 7 were found to have two or more STM ships 
that have broadcasted S2SREX messages within that month while also being within 20 
nautical miles of each other. Out of these 7 days, 4 had STM vessels actively 
broadcasting S2SREX messages that day. To some extent, the low number of 
“meetings” between STM ships is due to the reduced size of the STM fleet. The smaller 
the fleet, the less likely that two or more STM ships will be within 20 nautical miles of 
each other. Figures 20 and 21 present some examples of the analysed marine traffic 
situations. The statistics of the indicators are shown in Tables 4 and 5, respectively. 

Unfortunately, the results of the traffic analysis are inconclusive due to the small number 
of traffic situations involving STM ships. Table 4 shows that no CQS avoidance 
manoeuvre was identified, and Table 5 shows differences between the closest distance 
and bow crossing distance averages. Nevertheless, any difference between the STM 
and Null scenarios can easily be attributed to chance and the size of the sample (aka. 
sampling error), as smaller samples are less representative of the “population” under 
study. 

Increasing the number of randomly selected days or the geographic region was not 
feasible because the time necessary for the analysis would be prohibitive. The 
identification of CQS avoidance manoeuvres could not be automated and the calculation 
time of closest distances between ships increases quadratically with the number of 
ships.  

Overall, the traffic analysis did not provide any clear indications of the effect of the 
S2SREX solution on safety.  
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Figure 20 Example of 10 minutes of ship traffic in the geographic region chosen for the 
analysis (red: STM ships, purple: non-STM ships). The STM ships sail parallel to each 

other but there is no clear interaction between them or the other ships.  

 

 

Figure 21 Example of 10 minutes of ship traffic in the geographic region chosen for the 
analysis (red: STM ships, purple: non-STM ships). The STM ships sail with 20 nautical 
miles of each other, but there is no clear interaction between them or the other ships. 
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Table 4 Statistics for the “presence or absence of a CQS avoidance manoeuvre” 
indicator. 

C
Q

S 
av

o
id

an
ce

 
m

an
eu

ve
r Yes 0 0 

No 0 0 

Percentage of tracks with 
CQS avoidance 

maneuvers 
0% 0% 

  Null scenarios STM scenarios 

Table 5  Statistics for the “closest distance between ships” and “bow crossing 
distance” indicators. (*Note: in only one scenario an STM ship crossed the bow of the 

other one.) 

 Null scenario STM scenario 

Average closest distance 
between ships 1.3 nm 8.1 nm 

Average closest bow 
crossing distance 

between ships 

1.9 nm 2.1 nm* 

2.5.3 Literature survey 

Two studies by Aylward et al.  [5], [6] were identified as relevant. The text presented in 
this section summarized the key findings in these studies.  

In the first article [5], the authors pose three questions:  

1. Does the S2SREX solution influence decision-making? 
2. Do the participants trust the information displayed by the S2SREX solution? 
3. Does the S2SREX solution make navigation safer? (Considering the risks of 

misuse and overreliance on the information.) 

To answer these questions, the authors carried out an experiment. Six traffic scenarios 
involving 3 ships were executed in a bridge simulator with and without the S2SREX 
solution. A total of 24 experienced navigators participated in the experiment. 

Questionnaires showed that 95.8% of the participants considered the S2SREX solution 
to contribute to their situational awareness and 67.6% acknowledged to have taken a 
navigation decision based on the S2SREX solution. While these results suggest trust 
and usefulness, additional results suggest the opposite. About 29% of the participants 
considered the information displayed by the S2SREX solution to be trustworthy 
“sometimes” or “about half of the time”.  Furthermore, 58% of the participants considered 
that the risk of overreliance on the S2SREX solution is “high” or “extremely high”. 
Additionally, numerical analyses of the simulations showed that while the participants 
acted at slightly longer distances, resulting in larger Closest Point of Approach values, 
more Collision Regulations (COLREG) were breached when the S2SREX solution was 
used. The authors defined a breach of COLREG as “an action against the COLREG at 
a distance of less than or equal to 3.5 nautical miles and a Time to Closest Point of 
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Approach less than 12 minutes regardless of whether the ships involved in the scenario 
agreed on avoiding manoeuvre by e.g. VHF.” 

Regarding trust and the influence of the solution in decision-making, the study 
concluded that the participants trusted the S2SREX solution and let it influence their 
decision, but also that the participants recognized risks associated with its use, most 
notably overreliance, the assumption that the “route” and the “intention” are the same. 
Regarding whether the S2SREX solution makes navigation safer, the study concluded 
that it was impossible to determine with the current results. Finally, the usefulness of the 
solution in more traffic dense situations (i.e. more than 3 ships) was considered 
questionable as the screen would become “cluttered”.  

The second study [6], the authors describe the lessons learned from the STM Validation 
project related to human factors and raise concern about the potential disruption of the 
current working practices, the potential gaps in the existing regulatory framework, and 
the training and skill development of future mariners. Technical solutions (including 
S2SREX) that are not harmonized with regulations and training may become “unruly”, 
resulting in solutions that do not work as intended.  

2.5.4 Stakeholder Interviews 

As mentioned previously, the S2SREX solution was developed as part of the STM 

Validation project and therefore, it has been evaluated through interviews before. Thus, 

in the STM BALT SAFE project, the interview questions regarding the S2SREX solution 

focused on its potential effects of on the work of the VTS operator (VTSO) and the 

general impression of the S2SREX solution by all interviewees, as this service is at the 

core of the STM offering.   

One of the concerns raised by VTSOs was that they may be “rendered out of the 

communication loop” as ships may be able to better understand each other’s intentions 

thanks to the sharing of the routes. This possibility in combination with the STM “chat 

function” (aka. STM messages) could lead to agreements of which the VTSO is unaware 

of, as no VHF-radio communication would be necessary. One Finnish VTSO interviewee 

recalled a test with route sharing where the solution was deemed to confuse more than 

it helped because of “silent agreements”. Another concern raised by several 

interviewees is overreliance or trust on the S2SREX solution, as the route “shared” is 

not the same as the “intended” one.  

Finally, discussions regarding information sharing with the interviewees highlighted the 
reluctance or unwillingness of the interviewees with sharing routes and ETAs. The 
following are some cases where crews would find using S2SREX, or another STM 
information tool, against their or their employer’s benefit:  

• Ice conditions: One tanker operator claimed manoeuvring in ice conditions was one 
of their key competences, to then share their routes with other ship operators 
would be detrimental to their trades.  

• Security: Not to disclose planned routes to others increases safety in some parts of 
the world, piracy is an obvious example.  

• Charter agreements: The way charter agreements are written might make 
shipowners hide their intended ETA to others.  

• Competitions for port calls: In the competitions for port spots, it can be beneficial 
not to disclose one’s intentions.  
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2.6 Conclusions and Recommendations 

Some of the evaluation methods indicate that S2SREX has a positive effect on safety 
to some extent. The usage and congruence analysis indicate that most of the ships 
actively using S2SREX decrease traffic misinformation, while one of the studies 
referenced in the literature survey stated that most navigators in an experiment 
considered S2SREX to contribute to their situational awareness. Nevertheless, except 
for the inconclusive traffic analysis, all the evaluation methods indicate issues and 
concerns with S2SREX regarding safety. 

The major concern is the potential overreliance on the information and the risk of 
assuming that the “shared” route is the same as the “intended” or “followed” route. This 
concern was reported in the stakeholder interviews as well as in the literature survey. 
Regrettably, the usage and congruence analysis showed that differences between the 
shared and followed route (i.e. congruence of less than 100%) are not uncommon and 
therefore, there are plenty of situations where overreliance on the shared routes could 
lead to difficult or dangerous situations. Furthermore, while the usage and congruence 
analysis found that most ships actively using the S2SREX solution decrease traffic 
misinformation by broadcasting and following the monitored route, this finding does not 
imply that the receiving ships will not over rely on the information.  Both overreliance 
and low congruence can be interpreted as “user errors” that can be addressed with 
proper training and procedures. While this interpretation may or may not be valid, 
transferring the blame from the technical solution to the user does not change the fact 
that in its current state, there are safety concerns with the S2SREX solution.  

Besides the safety concerns, the usage and congruence analysis showed that the 
number of STM ships actively using S2SREX has decreased with time. Clearly, if 
S2SREX is not used, it cannot have an impact on marine traffic, and the decrease on 
its usage suggests that the perceived benefits of the solution does not overcome its 
issues. The stakeholder interviews and literature survey identified some potential 
reasons for the decrease, such as usability (e.g. “cluttered” screens) and the belief of 
some shipowners and crews that the route is sensitive information. However, the 
interviews were not sufficient in breadth and depth to provide a full picture of the reasons 
for the decrease.  

Overall, the contents of the evaluations were deemed sufficient to validate the S2SREX 
use-case. Unfortunately, the S2SREX use-case is not considered to have the 
envisioned positive effects on safety. While most of the ships actively using S2SREX 
decrease traffic misinformation, the number of ships using S2SREX has been 
decreasing since 2018. The decrease is an indication that the perceived benefits do not 
overcome the issues or concerns.  

Future work regarding S2SREX should include in depth interviews with current and 
former users of the solution to determine the reasons behind its poor adoption and the 
low congruence events. The work here presented focused on the identification of these 
two issues and barely addressed their causes. Low congruence events and poor 
adoption could potentially be successfully addressed by informing the crews about the 
availability of S2SREX onboard the ships, training crews on how to use it, and supporting 
the establishment of onboard procedures. S2SREX is still a new solution and, as all 
other new solutions, it needs to be promoted and refined. 
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3 BIMCO STM Clause for Voyage Charter Parties 

3.1 Background 

The Baltic and International Maritime Council (BIMCO) is the largest shipping 
organizations representing shipowners, managers, operators, and agents. Its aim is to 
protect its members by the provision of information and advice, while promoting the 
harmonisation and standardisation of commercial shipping practices and contracts. Two 
of the many offerings of BIMCO are standard voyage charter parties and clauses. 

A voyage charter party is a contract stating the terms for the carriage of goods by sea 
between a charterer and shipowner (or operating owner) for one or several voyages. 
The terms of the contract are stated through clauses. Clauses, in turn, state rights, 
obligations, and provisions. BIMCO clauses supplement BIMCO’s standard contracts to 
meet the specific needs of the involved parties. However, in many jurisdictions as e.g. 
Common Law, the parties enjoy so called “freedom of contract”, allowing them to form 
the contract or amend wording of specific clause. 

Chartered ships can be legally bound to proceed with “utmost despatch” and without 
deviations by a clause in a voyage charter party or the laws governing a specific 
contract. In other words, the ship must sail towards the loading and unloading ports as 
fast as reasonably possible within the limits imposed by safety and the ship’s 
capabilities. If a shipowner were not to fulfil the voyage charter obligation, he or she 
could face legal consequences. Some mitigation can be arranged beforehand by various 
indemnification clauses in such voyage charter contracts.  

Just-In-Time (JIT) arrivals are well recognized measures to reduce fuel consumption, 
voyage costs, and air emissions  [8]. Unfortunately, this measure may be interpreted as 
a breach of the ship’s obligation to proceed with utmost despatch. By the start of the 
STM BALT SAFE project, BIMCO had published two supplementary clauses related to 
speed optimization and JIT: Virtual Arrival Clause for Voyage Charter Parties  [9] and 
Sea Traffic Management (STM) Clause for Voyage Charter Parties  [10] (henceforward 
called “VA clause” and “STM clause” for brevity). 

Both BIMCO clauses provide an exception to the obligation of proceeding with “utmost 
despatch” (the exception may be purely based on mutual trust if the laws governing the 
contract cannot be overridden). The clauses give the charterer the possibility to request 
that the ship adjusts its speed so that it meets a desired arrival time at a given 
destination. While the clauses differ on several details, the most relevant for the STM 
BALT SAFE project is the way in which the arrival time is communicated. In the STM 
clause, the shipowner and the charterer “use their best endeavours” to obtain and share 
information via an STM system. In the VA clause, there is no mention of sharing 
information about the arrival time nor the communication medium.  

As part of the STM BALT SAFE project, STM clause was to be tested by: First, including 
the STM clause in voyage charter parties of STM ships. Second, using STM solutions 
to communicate the ship’s Estimated Time of Arrival (ETA), the charterer’s Requested 
Time of Arrival (RTA), and the response to the RTA (either its acceptance or rejection). 
Overall, this STM solution was envisioned to decrease the “run and wait” operations, 
where a ship rushes to a port just to anchor and wait for an available berth.  
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3.2 Possible effects of the use-case 

Considering only the description of the use-case and the problem it addresses, these 
are the envisioned possible effects of the use-case.  

 

Safety 

• Reduced exposure to anchoring related incidents – due to reduction or elimination of 
anchoring. 

Efficiency 

• Increased or reduced profits – due to reduction of waiting time. 

• Increased or reduced fuel consumption – due to speed changes. 

• Reduced communication time – due to the use STM solutions to communicate 
ETA/RTA.  

• Increased workload for agents to coordinate just-in-time arrivals 

Environment 

• Reduced environmental impact related to anchoring – due to reduction or elimination 
of anchoring.   

• Increased or reduced air emissions – due to speed changes. 

3.3 Changes 

3.3.1 Changes to the development 

There were no changes on the development of this STM solution since both, the STM 
clause and the STM communication tools, were developed before the start of the project.   

3.3.2 Changes to the deployment 

The STM clause was not deployed or tested during the duration of the STM BALT SAFE 
project. While COVID19 had some impact on the deployment of this solution, it is not 
recognized by the authors as the main cause. Section 3.6 describes the reasons cited 
for this conclusion.  

3.3.3 Changes to the validation 

The STM clause was not deployed or tested during the duration of the STM BALT SAFE 
project. Therefore, the evaluation methodologies planned in D6.1  [2] were drastically 
modified. Originally, the evaluation of this use-case was to consist of three analyses:  

• Traffic analysis – To determine the effect of the STM clause in anchoring times.  

• Questionnaires and human performance – To determine the effect of the STM clause 
on workload, profits, fuel consumption, and emissions. 

• HAZID – To identify hazards that may arise due to the STM clause. 
 

The traffic analysis does not strictly depend on the use of the STM clause or the 
availability of STM communication tools. Any ship that adjusts its arrival time to minimize 
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its waiting time for a berth at a port will exhibit a similar effect on anchoring times. Thus, 
the traffic analysis was modified to be carried with ships that may not use the STM 
clause nor communicate ETA or RTA through STM communication tools but do practice 
JIT arrival. The modified traffic analysis is described in depth in the subsection 3.4.2. 

Similarly, the effects that the questionnaires and human performance analyses were to 
determine can also be estimated from other ships practicing JIT arrival. Therefore, the 
questionnaires and thus human performance analysis was reduced in scope and depth 
into a series of stakeholder interviews with actors practicing or working to enable JIT 
arrival.  

Finally, in contrast with the other planned evaluation methods, the HAZID analysis was 
deemed to be unsuitable for modification, as communication flows and practices would 
be too different. Therefore, the HAZID analysis was not carried out.  

 

3.4 Evaluation methods 

The following subsections present the methodologies used to evaluate the STM clause 
solution. These methodologies are based on the ones presented in the delivery D6.1  
[2] and include the changes mentioned in previous section 3.3 Changes. 

3.4.1 Stakeholder Interviews 

A series of interviews were carried out as part of the evaluation of this use-case. The 
interviews can be divided into two sets. A main set, presented in section 2.4.4, and an 
additional set, interviewing representatives of maritime actors practicing or working to 
enable JIT arrivals (i.e. stakeholders): the shipowners Terntank and Anthony Veder, as 
well as the port of Gävle in Sweden and Preem, who has control over the terminal 
Brofjorden. The questions in the additional set had two main objectives: 

• Determine the details of the JIT arrival practice or vision. 

• Determine the existing or envisioned benefits.  

3.4.2 Traffic Analysis 

From the interviews, it was determined that the shipowners Terntank and Anthony Veder 
have practiced JIT arrival during the last year in the ports of Brofjorden and Rafnes. The 
AIS data of the ships owned by these shipowners was used to estimate the effect of JIT 
arrival on the anchoring times. This effect is deemed representative of the one that would 
have been observed from ships using the STM clause and communicating through STM 
tools.  

The effect of JIT arrival on anchoring times was estimated as follows: 

1. Between November 2020 and November 2021, extract the following from AIS 
data:  

a. A list of all port calls in Brofjorden and Rafnes by tanker ships.  
b. A list of all anchoring events outside Brofjorden and Rafnes by the tanker 

ships in (a). The anchoring events must have happened before a port call 
(within 12 hours).  

2. From the lists in (1), determine the anchoring time corresponding to each port 
call. If there was no anchoring, record the anchoring time as zero.  

3. From the anchoring times in (2), separate the data into the following groups: 
a. Anchoring outside Rafnes by Anthony Veder ships. 
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b. Anchoring outside Rafnes by non-Anthony Veder ships. 
c. Anchoring outside Brofjorden by Terntank ships. 
d. Anchoring outside Brofjorden by non-Terntank ships.  

4. Summarize the grouped anchoring times in (3) through histograms and from 
them, interpret the effect of JIT arrival. 
 

   

3.5 Results and discussion 

3.5.1 Traffic analysis 

Figures 22 and 23 present density histograms for the anchoring times before port calls 
at Brofjorden and Rafnes. The histograms contrast the anchoring times of tanker ships 
practicing JIT arrival (Terntank and Anthony Veder ships) against all the others tanker 
ships visiting the port. The more a histogram is skewed to the left side of the diagram, 
the less time a set of ships typically spends anchoring. The comparison between 
Terntank and not-Terntank ships at the port of Brofjorden (Figure 22) does not show a 
clear difference in the anchoring time. The range of the histogram for not-Terntank ships 
(0-130 hours) is larger than the one for Terntank ships (0-90 hours), but overall, the 
histogram for not-Terntank ships is more skewed towards the left. Contrastingly, the 
comparison between Anthony Veder and not-Anthony Veder ships at the port of Rafnes 
(Figure 23) does show a clear difference. Anthony Veder ships clearly spend less time 
anchoring.  

 

 

 

Figure 22 Density histograms of anchoring time before port calls at Brofjorden (93 port 
calls for Terntank ships and 833 for not-Terntank ships between Nov. 2020 – Nov. 

2021). 
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Figure 23 Density histogram of anchoring time before port calls at Rafnes (29 port 
calls for Anthony Veder ships and 97 for not-Anthony Veder ships between Nov. 2020 

– Nov. 2021). 

Figures 24 and 25 present the anchoring places before port calls around Brofjorden and 
outside Rafnes. Tanker ships visiting Brofjorden anchor in several areas, while ships 
visiting Rafnes anchor in a single area. Terntank ships seem to anchor in the same 
areas as other ships around Brofjorden and Anthony Veder ships do not anchor.  

The results for Terntank ships are inconclusive. Brofjorden is visited by many other ships 
owned by many other shipowners who may also practice some variant of JIT. Preem 
fully controls Brofjorden and works with JIT arrivals. Interviews are needed to determine 
if this is the case and account for it in the traffic analyses. Nevertheless, the results for 
Anthony Veder ships clearly indicate a positive effect of JIT arrival practices on 
anchoring. 
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Figure 24 Anchoring places around the port of Brofjorden (blue: Terntank ships, red: 
not Terntank ships). 

 

Figure 25 Anchoring places outside the port of Rafnes (red: not Anthony Veder ships). 

   

.  
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3.5.2 Stakeholder Interviews 

3.5.2.1 Main set of interviews 

The key findings of the interviews with port and ship owners, ship crews, and VTSOs 
regarding the STM clause are the following: 

• VTSOs and several other interviewees consider that the STM clause would lead to 
less congestion in ports and increase safety overall.  

• VTSOS and several other interviewees consider that speed optimization and other 
JIT practices could affect the crews working environment negatively. As an example, 
an interviewee described a scenario were anchoring procedures are carried out in 
the middle of the night, instead of the evening.  

The example given above describes a situation that could decrease adherence or use 
of the solution as intended. This situation is an example of what Aylward et al. [6] refer 
to as a conflict between “work as imagined” and the “work as done”. JIT practices ought 
to generate at least as many upsides as downsides for the crew.  

3.5.2.2 Additional set of interviews 

Terntank 

Terntank is a Swedish shipping company based on the island of Donsö in Gothenburg's 
southern archipelago. The company has three subsidiaries, Tärntank Ship Management 
AB, Tarn energy, and a chartering department. Terntank fleet consists of 10 tanker ships 
between 11,000 and 15,000 deadweight tonnes. 

Multiple interviews were carried out with representatives of Terntank, as well as 
research partner regarding their work with JIT arrival. The key findings of the interviews 
were the following: 

• Terntank considers their own practice of JIT arrival a business advantage and 
therefore, no details regarding the practice were shared.  

• Terntank does not use BIMCO’s STM or VA clauses. They have their own clause 
developed with Preem.  

• Currently, Terntank performs JIT only with Preem. 

• From their viewpoint, not many other shipowners are working with JIT arrival. 

• Implementation of JIT arrival practices increased the workload in beginning, but 
after a period, the workload is as normal.  

• According to Terntank, fuel consumption, fuel prices, and demurrage rates are 
critical for JIT arrival. Low fuel costs and high demurrage rates can easily make 
JIT arrival financially unattractive. It is important to agree on how the benefits of 
JIT arrival are shared by the shipowner and the charterer. 

• Terntank has taken economical losses to start with JIT arrival in the form of lost 
demurrage.  

• Terntank practices JIT arrival in Göteborg, Brofjorden, Norrköping, and 
Södertälje. 

 

Anthony Veder  

Anthony Veder is a Dutch gas tanker company based in Rotterdam. Founded in 1937, 
the company has a fleet of 30-plus gas tankers. Most of the tankers in their fleet are 
owned by Anthony Veder, but some are operated on behalf of other owners.  
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One interview was carried out with a representative of Anthony Veder. The key findings 
of the interview were the following: 

• Anthony Veder uses BIMCO’s Just In Time Arrival Clause for Voyage Charter 
Parties  [11]. The clause was published in 2021 and is, according to the 
interviewee, an improvement of BIMCO’s VA clause. The interviewed 
participated in the development of the clause, and according to him, BIMCO’s 
STM and VA clause have never been used.  

• The JIT clause is used in only one their contracts.  

• Anthony Veder considers that an agreement on how the benefits of JIT arrival 
are shared by the shipowner and the charterer is of most importance.  

• According to Anthony Veder, one of the key issues with BIMCO’s VA and STM 
clauses is that they did not account for variations on fuel prices and fuel 
consumption on the compensation to the shipowner for lost demurrage. These 
clauses stated the compensation of extra time as a fixed percentage of the 
contractual demurrage rate.  BIMCO’s new JIT clause allows for more tailored 
agreements that account for fuel consumption and demurrage. 

• In short, Anthony Veder’s JIT practice is as follows: The master of a ship 
practicing JIT arrival sends an ETA to the port, which then looks at their berthing 
schedule to accept and confirm it as suitable or respond with a delayed arrival 
time. If a request to change the time of arrival is received, the master and the 
shipowner determine if it is practical to accept.  

• Communication between the port, the master, and the shipowner is made through 
email. 

• Workload increases with JIT arrival practices, nevertheless everyone involved is 
positive towards the practice as they see it as a contribution to sustainability. 

• Anthony Veder is aware of noise-complaint toward tanker ships anchoring and 
running the auxiliary engines and compressors.  

• According to Anthony Veder, the main benefits of JIT arrival are savings on fuel 
costs for the shipowner and demurrage rates for the charterer, and reduction on 
air emissions and anchoring time. 
 

Port of Gävle 

One interview was carried out with representatives of Port of Gävle regarding the project 
“Just In Time Gävle”. The project is cooperation between Preem, Terntank, and Port of 
Gävle to change its practices from first come-first to serve” to a “time slot” system 
accessed via STM Efficientflow’s Port Activity App. The key findings of the interview 
were the following: 

• Ships can request a “time slot”, an assigned berth at a specific time, up to 36 
hours in advance through the Port Activity App.  

• Ships that request a time slot must state how long they plan to be at the berth 
and report their ETA continuously.  

• The time slots have a tolerance of 2 hours.  

• Ships arriving without a time slot are assigned one on the spot. 

• Ships arriving late to their time slot are given a new one. 

• A software is used by Port of Gävle to calculate the ETA of the ships 
independently of the information provided by the ships. These ETAs are used for 
informing the port of possible delays that may have not been communicated by 
the ships.  
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• Port of Gävle does not get involved in charter parties. That, according to them, is 
between the charterer and the shipowner.  

• At the time of writing, no live tests have been carried out.  

• Within the project, a risk analysis has been carried out and the conclusion is that 
there is no significant difference regarding risk compared to the current practice 
(the report is internal and not available). 

 

Preem 

Preem is a Swedish petroleum and biofuels company. As part of their business, the 
company owns two refineries, one in Gothenburg and one in Lysekil, where Preem 
controls all the terminals of oil port of Brofjorden. The key findings of the interviews were 
the following: 

• Preem has Contracts of Affreightment with the shipowners Terntank and Sirius. 

• Uses work routines instead of clauses for JIT with Swedish shipowners.  

• Preem considers that other tanker ship owner from non-Nordic countries do not want 
to have JIT clauses because they do not want to have procedures for giving Notice 
Of Readiness when the ship has not arrived.  

• Compared to the Port of Gothenburg, JIT arrivals in the port of Brofjorden are easier 
to carry out as Preem owns all the terminals.  

• Preem considers that for several shipowners legal and economical questions are 
more important than environmental ones.  

• Preem shares the economical benefits of JIT arrivals with the shipowners. 

 

3.6 Conclusions and Recommendations 

The evaluation methods indicate that if the BIMCO’s STM clause had been deployed it 
would have had a positive effect on safety, efficiency, and the environment. The traffic 
analysis indicates that existing JIT practices decrease the anchoring times outside a 
port. Reducing anchoring reduces the exposure of ships to related incidents as well as 
its environmental impact. The stakeholder interviews corroborated this finding and as 
well as the other expected effects of the solution: increased profits, reduced fuel 
consumption, and an increase on workload. Understandably, how a JIT practice affects 
workload is dependent on its implementation. None of the interviewed stakeholders 
used digital solutions tailored for JIT arrival practices yet. Therefore, it stands to reason 
that such digitalisation of the service would decrease the associated workload in current 
practices. lower increase on workload   

Overall, the contents of the evaluations were deemed insufficient to validate the STM 
clause use-case. Results and experiences from similar JIT practices are not sufficient. 
The STM clause use-case cannot be validated without deploying it and testing it. 

It is the authors’ opinion that one of the reasons why the STM clause has not been 
deployed is due to the simple fact that charterers and shipowners do not see the need 
for it. The STM clause was built on top of the VA clause to include the use of STM 
communication tools; however, if the VA clause and similar JIT clauses have a problem, 
it is not the communication medium itself, but rather the economic aspects regarding 
compensation and the mindset of the involved parties. Trust, compromise, concerns 
about the environment, and the willingness share the rewards and costs are critical for 
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implementing JIT arrival.  Concerns about the environment and a proactive approach 
towards future regulations are arguably the main driver for adoption of JIT practices. 

JIT arrival in voyage charter parties is not a well stablished practice. Future projects 
engaged in mainstreaming it should focus on the economical aspects and on persuading 
charterers, shipowners, and port to try it (i.e. change their mindset). The report “Just in 
Time Arrival Guide: Barriers and Potential Solutions” [8] contains valuable information 
that could guide future work.  
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4 Estonian Icebreaker Service 

4.1 Background 

The Estonian Maritime Administration ensures that icebreakers serve all ship traffic 
bound to Estonian ports in the event of ice-covered waterways. Icebreaking assistance 
is requested by the ship’s agent through an online portal, which is afterwards approved 
or denied by the icebreaking service coordinator. If the request is approved, the ship is 
sent or communicated a point where to meet the icebreaker (aka. meeting or 
rendezvous point), waypoints to follow (aka. dirways), or a route through the ice-covered 
waterway (aka. ice-route). These types of ice navigation information are created by the 
Estonian icebreakers and at the time of writing, are communicated to the ship requesting 
assistance via VHF radio or email and through at least one intermediary. Figure 26 
presents a diagram of the current information flow.  

 

Figure 26 Current information flows for the communication of ice navigation 
information (meeting points and ice-routes). Double arrow lines indicate confirmation 

of message delivery. 

 

Operational information should ideally be communicated in an easily accessible, up-to-
date, clear, sufficiently detailed, and accurate way. Confirmation of the reception of the 
information is also highly desirable. The current communication flow used by the 
Estonian icebreaking service lack several of these qualities.  

Communication through the icebreaker coordinator relies solely on email and has the 
ship‘s broker as an unnecessary intermediary. While email is free of transmission errors 
and typically reach the recipients in seconds, it can easily be overlooked, forgotten, or 
discarded by mistake (e.g. spam filters and junk folders). Furthermore, while email can 
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provide the sender with a confirmation that message has been read, this feature is not 
supported by all email providers and applications.     

Communication through the VTS operator relies on radio or a combination of radio and 
email. Information communicated through radio can be difficult to understand or easily 
misunderstood due to background noise, language proficiency, and accent. Typically, 
closed loop communication is used to address these issues; however, transmission 
errors do occur. Furthermore, radio is a time-consuming method for communicating ice 
navigation information, as it requires reading long sequences of numbers.  

As part of the STM BALT SAFE project, the Estonian VTS software and two Estonian 
icebreakers (MSV Botnica and Eva-136) were to be made STM compatible, enabling 
them to communicate ice navigation information through two STM communication tools: 
STM messages and STM route proposals. Figure 27 presents the envisioned 
communication flow via these STM solutions. The envisioned flow has two key 
differences with respect to the current one.  

First, the communication of ice navigation information from the icebreaker to either the 
VTS operator or the icebreaking service coordinator is done through STM 
communication tools. This change would add confirmation and reduce the time, errors, 
and work necessary to communicate the ice navigation information. Additionally, 
because of the reduced difficulty in communicating ice navigation information, the 
frequency and detail of some of this kind of information may increase.  

Second, for the cases where the ship requesting ice breaking assistance is an STM 
ship, the communication of ice navigation information to the STM ship can be done 
through the STM solutions. In such a case, confirmation would be added, the ship’s 
agent would be removed as an intermediary, and the time, errors, and work necessary 
for communication would be reduced.  

The STM Estonian Icebreaker Service use-case is henceforward referred to as “EIS 
use-case” for brevity.  
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Figure 27 Envisioned information flows for the communication of ice navigation 
information enabled by STM solutions. Double arrow lines indicate confirmation of 

message delivery. 

 

4.2 Possible effects of the use-case 

Considering only the description of the use-case and the problem it addresses, these 
are the envisioned possible effects of the use-case.  

Safety 

• Reduced miscommunication – by relying more in STM solutions and less on radio 
and email. 

• Improved situational awareness / shared picture – by increasing the communication 
of detailed ice navigation information. 

Efficiency 

• Reduced workload – by relying more in STM solutions and less on radio and email. 

4.3 Changes 

4.3.1 Changes to the development 

The installation of STM compatible software was not completed as planned due to the 
COVID19 pandemic. Out of the two Estonian icebreakers, only MSV Botnica was 
installed with an STM compatible ECDIS, and the delivery of the STM compatible VTS 
software to VTS Tallin was delayed until late November 2021. Furthermore, the 
pandemic restricted access to the ships. Because of these delays, the STM 
communication tools could not be incorporated into the Estonian icebreaker service 
during the project period.  
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4.3.2 Changes to the deployment 

The EIS use-case could not be deployed because the necessary software was not 
available at VTS Tallin during the project period. 

4.3.3 Changes to the validation 

The evaluation of the EIS use-case could not be carried out as planned. Since the use-
case was never deployed, there is no data or experiences to be used in the analyses 
planned and described in D6.1 [2]. Thus, the adoption and usage analysis was not 
carried out because of lack of data, and the HAZID and questionnaires and human 
performance analyses were substituted by interviews with domain experts (i.e. 
stakeholders).  

4.4 Evaluation methods 

The following subsection presents the methodology used to evaluate the use-case. This 
methodology is based on the ones presented in the delivery D6.1 [2] and include the 
changes mentioned in previous section 4.3 Changes. 

4.4.1 Stakeholder Interviews 

A series of interviews were carried out as part of the evaluation of the STM use-cases. 
See Section 2.4.4 presents the full description. For this solution, the Icebreaker captain 
and the Icebreaker service coordinator were the main interviewees. However, the 
subject of icebreaking services was discussed in several of the interviews.   

4.5 Results and discussion 

4.5.1 Stakeholder Interviews 

The key findings of the stakeholder interviews are the following: 

• Currently, most of the pre-escort information is received via e-mail.  

• The STM message function was considered by the Icebreaker captain to potentially 

be “very good” for receiving pre-arrival information of the ships requesting 

icebreaking services, but probably too slow during actual escort. 

• Latency, the time a route displayed in the ECDIS needs to be updated, was of great 

importance. For the solution to be useful, the updates must be fast.  

4.6 Conclusions and Recommendations 

Since VTS Tallin received its STM compatible VTS software in the last month of the 
STM BALT SAFE project, the EIS use-case could not be validated.  Data or experiences 
from similar or equivalent use-cases do not exist and could therefore not be used as a 
replacement.  

The stakeholder interviews indicate that if it were to be implemented, the communication 
through the STM tools would have a positive impact on efficiency, provided that usability 
aspects, such as latency, are satisfactory.  
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Using STM to increase BALTic Sea SAFEty 

Making the Baltic Sea even safer by improving the situational awareness on ships and shore, 

building tools that automate work and provide decision support to prevent risk situations and 

accidents. 

Making STM happen! 

SAFETY - ENVIRONMENT - EFFICIENCY 

Swedish Maritime Administration ◦ Fintraffic ◦ Estonian Transport Administration ◦ 
Norwegian Coastal Administration ◦ RISE Research Institutes of Sweden ◦ DNV 

www.stmbaltsafe.eu 
www.stmvalidation.eu/projects/stmbaltsafe 
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