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Abstract  

There are a lot of different discharge regulations that ships have to follow but there is no 

general way to collect this information for the cruise ship companies. One company, Holland 

American Group, have created a matrix where they have stored all information regarding 

dispatch regulations, which they collect manually. As regulations have become stricter and 

more specific for different areas at sea it has caused the matrix to grow vastly, making 

working with the matrix tedious. The project aims to investigate how the information in the 

matrix is presented to the user. The ambition is to find alternative ways to work with the 

matrix to improve efficiency in order to reduce the time it takes to work with it. While also 

being able to create dispatch schedules for itineraries which prevent non-compliant discharges 

from the vessels.  

 

The problem is to present information in a different manor, today the information lays inside 

an Excel spreadsheet which has grown significantly and is therefore no longer manageable in 

its present format. A solution, to create a planning tool which assists crew members who work 

with planning each itinerary’s dispatches, has been suggested. Two different designs are 

presented, one with inspiration from apps and another inspired by traditional computer 

programs. The work process and solutions are based on concepts and theories from large 

industrial systems and sustainability as the main perspective. Therefore, the solutions are 

motivated with methods commonly used in creating, developing and maintaining industrial 

production with the aim to create a new sustainable system from such perspective. 

 

Sammanfattning 

Ute till havs finns det massvis med regler som kontrollerar vilka utsläpp fartygen får göra. 

Dock finns det ingen tydlig metod för hur den här informationen ska samlas in av 

kryssningsföretag. Ett företag, Holland America Group, har skapat en matris där de lagrar 

information om utsläpp för alla områden till havs, vilket sker manuellt av de som arbetar med 

matrisen. I och med att miljöregler har skärpts samtidigt som regler differentierats för allt fler 

områden, har matrisens omfattning vuxit enormt och gjort arbetet med matrisen omständigt. 

Projektets mål är att undersöka hur informationen i matrisen presenteras för användaren. 

Målsättningen är att hitta alternativa, mer effektiva sätt att arbeta med informationen som 

finns i matrisen för att minska uppgiftens tid samtidigt som man förebygger olovliga utsläpp 

från fartygen.  

 

Det stora problemet är hur informationen i matrisen ska presenteras. I dagsläget finns 

informationen i en Excel-fil vars storlek har vuxit omfattande vilket har bidragit till att 

matrisen är svår att hantera. Ett lösningsförslag om ett planeringsverktyg har tagits fram med 

två olika utformningar, en som är app-inspirerad och en som är inspirerad av traditionella 

datorprogram. Arbetsprocessen och lösningsförslag är främst baserade på koncept och teori 

från perspektiv ur industriell teknik och hållbarhet. De lösningsförslag som ges motiveras med 

hjälp av metoder som vanligtvis används i skapande, utvecklande och underhåll inom industri 

med målet att skapa ett nytt hållbart system sett ur ett sådant perspektiv. 
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Abbreviations 

 
BDR: Base Discharge Requirement  

 

ECDIS: Electronic Chart Display and Information System 

 

ENV: Environmental 

 

EO: Environmental Officer  

 

EPT: Environmental Planning Tool 

 

FOC: Fleet Operations Center 

 

KB: Knowledge-based level 
 

MARPOL: Marine Pollution Convention 

 

RB: Rule-based level 

 

SB: Skill-based level 

 

VPO: Voyage Planning Officer 
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1 Introduction 

1.1 Project description  

 

Out at sea, cruise ships transport large amounts of goods and people. The operation of these 

vehicles, along with all the activity on board, generates huge amounts of waste. Cruise ships 

often have restaurants, bars, shops, swimming pools and spas, and there can be several 

thousands of passengers on board. Yet, for the general passenger the management of the 

generated waste is barely acknowledgeable. However, it is a very time consuming and 

important task for the cruise ship workers who need to plan and execute the dumping of the 

waste in specific regions and time slots.  

 

In later years the environmental impact from human activities has received a lot of attention 

which has resulted in regulations for waste, fuel types and emissions to be updated and 

become stricter. Cruise ships often run on diesel which generates sulphur emissions, toilets 

and showers produce wastewater that have to be discharged, and the ballast water which is 

used to regulate the stability of the ship, all produce different forms of waste streams. It is 

then a task for the crew on the bridge to see what can be dumped and in what quantity, all 

depending on the location of the ship according to an international regulatory framework.  

 

There are also engineers on board, who have the responsibility of the operation, machinery 

and propulsion of the ship. Thus, the engineers play an important role when it comes to 

managing the discharges of the different types of waste and emissions that are generated. To 

avoid violating any emission and waste regulations there are daily meetings at the bridge 

where the information and regulations for the current location is communicated, to then be 

passed on to the engineers in the engine rooms. Due to penalties and other consequences of 

non-compliant emissions and waste discharges there is a strong awareness amongst the crew 

workers regarding the matter. A lot of the emissions and discharges, even near misses and 

potential incidents, are recorded in log books. The records can be found both on paper and in 

digital form and helps the crew to keep track of what rules are relevant for what region and 

port. Each type of waste for respective region can be found in a very large Excel sheet called 

the environmental (ENV) matrix, which was small at first but has now grown so much that it 

is affecting the users and how they interpret the information. It is so large that it is difficult to 

get a good overview of the entire Excel sheet and at the same time be able to read the 

information in each cell. Today the ENV matrix is also updated by everyone who receive new 

information about local regulation changes. Different people have updated the information 

with no standardized format of the input in the matrix, causing different interpretation of the 

information amongst the crew workers.  

 

Thus, the main issue is the shortfall of user-friendliness of the Excel spreadsheets, the ENV 

matrix. Retrieving relevant information to be able to dispatch correct amounts of waste and 

emissions is a time- and work consuming task that can hopefully be reduced to a more 

efficient process with the help of a better solution.    
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1.2 Aim and objectives   

 

The assignment is to create an alternative use of the environmental matrix as of how it is used 

today. The main aim is to create a program so that the user can collect relevant information 

from the matrix, without having to handle the matrix and then with the collected information 

be able to create an environmental schedule. This new system can be viewed as a computer 

program with the aim to reduce the time it takes to generate ENV schedules compared to 

current method of searching manually for the information. The main aims for the program are: 

 

• A way of communication from the ships to the off shore office, known as the fleet 

operations center (FOC), and vice versa. Since the user of the matrix no longer is in 

charge of handling the information there needs to be a way where amendments are 

communicated to the FOC whom will analyse and put in the new information in the 

matrix. Then when changes are made in the ENV matrix there needs to be a way for 

the FOC to communicate the changes to all the ships.  

• A database that saves work so that it can be reused. The problem is that the 

information in the ENV matrix is not binary. The information in the matrix needes to 

be interpreted by someone with experience, the VPO and EO of the ship, and the 

schedules are thus made manually. When an environmental schedule is created it 

would also save a lot of time if it could be shared and used by all ships in the fleet.  

1.3 Project Boundaries 

 

The project is focused on how to use information from the matrix and find an alternative way 

of presenting it to the user and make the work task more efficient. Therefore collecting the 

information directly from any other source, like the internet, has not been treated.  

 

Furthermore, the problem has been divided into three different problem areas, the user-

friendliness of the new system, the communication way through the system and the storing of 

data.  

 

All ships have different pre-conditions and therefore the usefulness of the new system might 

differ. A study of the work conditions and processes on Holland America Group’s ships was 

recently made by MTO Safety. The study has been the main available information and insight 

to how the work process is for the user of the environmental matrix along with some e-mail 

contact with a former EO, however, there has been no direct contact with a current user of the 

matrix. 

 

1.4 Method 

 

To create a reliable and trustworthy study and prototypes there is need for a variety of 

information of good quality which has been gathered by using the internet and books. We 

have also utilized the expertise assistance from our mentors at MTO Safety who have recently 

conducted a study of Holland America Group, and had Skype-meetings and e-mail 

conversations with our contacts at Holland America Group.   
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1.4.1 Literature study 

 

One of the main literatures that has been used is “Arbete och teknik på människans villkor” 

written by Mats Bohgard et al. 2010, which translates to “Work and technology based on 

human conditions”. The literature emphasizes that humans and machines often work together 

in systems and focuses on the human needs. When work conditions are poor for the operator 

in such a system it is mostly due to poorly developed systems and not the operator’s 

performance. 

 

In addition to prior literature, an extensive report regarding Holland America Group’s 

regulations and procedures, working conditions, competence, communication, etc. has been 

utilized. The report, “Ship operations and environmental discharges”, and study was 

conducted in late 2018 and is written by Lena Kecklund and Eva Olsson, whom are professors 

in psychology and human-computer interaction respectively, at MTO Safety (Kecklund and 

Olsson). The report has been used to become familiar with the problem area, Holland 

America Group and to receive some insight to real life experiences with existing procedures. 

It has been the main source for developing insight to the problem, besides from direct 

communication with our advisors at Holland America Group.    

 

 

1.4.2 Working procedure 

 

To create a scheduled work process a method from “Arbete och teknik på människans villkor” 

was used to create structure to the project and to know what steps that could help to develop a 

better result (Bohgard, Mats, et al. 2010, 600).  

 

1. Need identification  

 

An Ishikawa diagram was used, which will be explained, to try to surface the different 

problems and in particular the problems within our system boundary. The information 

that was used comes from an interview and e-mail conversations with Sarah-Jane 

Bailey, Brittany Blokker and Rohit Lamichhane at Holland American group, our 

meetings with our mentors at MTO safety and their ship operations study of Holland 

American Group.  

 

To generate ideas and get an overview of the problem brainstorming has been utilized. 

The brainstorming sessions were necessary to understand and break down the problem 

as well as identify what the project group could contribute with. 
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Figure 1. A brainstorming session 

 

2. Requirement specification 

 

Initially, a brainstorming session took place during a work session at MTO Safety. By 

using a white board, and later a PowerPoint, we could document ideas and problems 

that came up. It was critical to break down the problem to understand what could be 

needed to come up with a solution, and later, what would be needed of a program. 

Consequently, important functions that would be useful to achieve a more efficient 

work process were discussed and documented. 

 

3. Concept 

 

When we started to get an idea of what was needed of the solution sketches of the user 

manual for the preliminary program were done. To see if all the parts and functions in 

the program were necessary we defined the prerequisites and the key ideas for the 

program. By iterating the process the concept developed.  

 

4. Preliminary design 

 

A preliminary design was made where some issues were encountered. One was that 

the system boundary was how to present the information in the matrix, which after a 

while lead to the conclusion that it required some changes of the ENV matrix.  

 

5. Definite design 

 

A first viual prototype was made with all the essential functions, with two alternatives 

depending on the technological conditions. A second design was made with a more 

traditional computer program design rather than the app-looking design of the first 

design.  
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1.4.3 Analysis tool—Ishikawa Diagram 

 

In order to achieve better understanding regarding the problem, finding correct information in 

the ENV matrix in order to generate ENV schedules, an Ishikawa diagram was created. An 

Ishikawa diagram is used to methodically sort out potential factors that may be causes to a 

problem, categorized by different aspects. For example, under “Environment” one should list 

the physical environment the work task is carried out in. The method of using an Ishikawa 

diagram was used to help get an overview of different areas and identify potential 

contributory factors which may affect the system and cause the problem. Based on the 

Ishikawa diagram an indication of what direction to work in was attained in order to easier 

come up with suitable solutions to the problem (Bohgard et al. 2010, 503-504).   

 

 

 

 

 
Figure 2. Ishikawa, cause and effect analysis of the problem 

  

2 Theory 

The theory section is focused on two different subjects: international regulations and decision-

making. The regulations depend on the area, and there are a lot of areas at sea. The 

information that is presented to the person searching in the ENV matrix can be straight 

forward information, a link to a web page or a direction to look at maps, sea charts or 

appendices inside the excel file. This section will explain the complications with this 

structure.  

 
2.1 International regulations 

 

The waters that the cruise ships travel in are sectioned in different regions, for example 

Central America & Caribbean, North Europe & Baltic, Middle East etc. Each region has 

BDRs which provide minimum environmental discharge standards according to MARPOL, 
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which is the International Convention for the Prevention of Pollution from Ships (IMO.org). 

According to the United Nations Convention on the Law of the Sea a coastal state can set 

laws, regulate use and use any resource out to 12 nautical miles (22 km) from their coastline 

(UN.org). Thus, on top of the BDRs each country can have different legislation for how 

much, when and where emissions and waste can be discharged. An area, state or even a 

harbor can then have additional requirements which can be due to geography, level of nautical 

activity or several other reasons. The regulations can also differ depending on how many 

nautical miles (NM) it is from baseline, as example “outside 12 NM from baseline”, “inside 

12 NM from baseline”, “in port/anchorage”. Least to say, there are many zones and many of 

which may differ in regulations compared to neighboring zones.   

 

 

2.2 Decision-making 

 

Today there are a lot of different sources of information from where the worker is able to find 

relevant information in order to be able to create an ENV schedule. Following section will 

explain how this may affect the worker and motivate why limiting the number of sources can 

result in positive effects.  

 

2.2.1 Cognitive activity 
 

According to the skill, rule and knowledge (SRK) model of decision making, invented by the 

Danish professor Jens Rasmussen, decision making in a human-machine environment 

depends on the cognitive activity during the process (Bohgard et al. 2010, 389). Rasmussen’s 

model defines three different levels of cognitive activity levels (ibid.):  

 

• Skill-based level (SB): An action is performed without active consciousness and 

routine actions like opening a door. 

 

• Rule-based level (RB): Actions that are performed according to rules, routines, and 

old knowledge, for example dining customs and traffic rules. 

 

• Knowledge-based level (KB): If the action requires active thinking and problem-

solving skills, for example if a person is in a new and unfamiliar environment. 

 

Based off of the ship operations study by MTO Safety, the cognitive activity levels of the EO 

and VPO are interpreted to be very high and could potentially be categorized as KB. The EO 

and VPO must search and interpret the information from the environmental matrix for each 

territory that will be passed during a given voyage and then generate an environmental 

schedule for that specific voyage. During a voyage the cruise ships cross many different 

territories and are affected by water streams and weather fluctuations which makes the task of 

producing an environmental schedule a time-consuming puzzle each time.  

 

Hence, the aim is to develop a tool to assist the people who will produce the environmental 

schedule which does not demand such high cognitive activity levels, with the hopes of 

reaching levels of rule-based decision making. 
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2.2.2 Visual information processing – decision making 

 

A major potential issue in the environmental schedule planning process that has been noticed 

is the extensive amounts of information which the EO and VPO need to search for, interpret, 

analyse and translate to a binary decision “yes/no”. In a study by Marylin L. Shaw, professor 

in psychology at Rutgers – The State University of New Jersey, she explains that visual 

processing is usually described by models of the second order, meaning that there is a sensory 

representation of the stimulus (Order 1) followed by classification of the stimulus (Order 2) 

(Shaw 1982, 356). 

 

 
Figure 3. Schematic diagram of n th-order integration model for k sources of information (Shaw, 

1982). 
 

It is well known that the performance of finding information decreases as the number of 

sources increase. Two phenomena that occur in these situations are the set size effect and the 

redundancy effect. Shaw explains, with the help of multiple references, that “the set size effect 

is the decrease in the probability of a correct decision that results from an increase in the 

number of separate sources containing nontarget information”. And continues, “the 

redundancy effect, is the increase in the probability of a correct decision that results from an 

increase in the number of sources containing target information” (Shaw 1982, 354) 

referenshantering. Shaw continues to argue that the more attention a person pays to a 

stimulus, the more vivid it appears. However, as much attention a person may pay to a 

simulus there are mental limitations of the human brain. Our short time memory is limited in 

how much information it can store, which needs to be taken into account for when creating 

and formulating a work task. 

 

 

3 Background 

The section is focused on giving a background to the ENV matrix and the problems with it. It 

includes the work process surrounding the ENV matrix with connections to the methods that 

have been used to solve the problem. A major part of the project has been to focus on looking 

at it from a sustainability stand point where the problem has been seen as a system of 

economy, people and ecology.  
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3.1 The environmental matrix 

 

The environmental matrix is an Excel spreadsheet. It is used to create the environmental 

schedule that the ships use to know when they are allowed to do certain discharges. To create 

an ENV schedule the VPO and EO need to analyse the information in the matrix and therefore 

the ENV schedule cannot be generated automatically from the ENV matrix. The input of the 

information into the matrix is currently made manually by the EO, VPO and the people 

incharge of the ENV matrix at the FOC. The first problem when searching for information in 

the ENV matrix is that the user must do so by clicking and scrolling in the Excel spreadsheet. 

A disadvantage is the fact that the user does not know if there exists specific regulations for 

the area of interest. Thus, the user has to scan through all possibilities and eliminate each 

poissbility one by one. For example, if the user wants to know the regulations for Stockholm’s 

port they would have to look for “Stockholm”. If “Stockholm” is not found the user has find 

out if Stockholm is part of an area/region which regulations’ apply for Stockholm. If that is 

not the case, the user has to refer to the country’s regulations.  

 

Another disadvantage to the user is the readability of the matrix. The BDRs are displayed at 

all times, taking up a large amount of the spreadsheet, leaving a limited visible section for the 

user to see regualtions for specific areas. To increase the visible area of regulations the user 

must zoom out. However, this causes another problem since the text becomes too small to 

read. Some users prefer to print out the spreadsheet and use a magnifying glass to easier find 

the areas of interest and get an overview of all regulations.  

 

 

 
Figure 4. The ECDIS used by Holland America Group’s ships 

 

When planning a voyage the VPO uses ECDIS(See figure 4) which is a digital sea chart 
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where the user of the sea chart can draw lines on a map where they will go and create a 

voyage. When drawing theses lines in the ECDIS the VPO creates the environmental schedule 

in parallel and uses the information in the environmental matrix to create it. 

 

Updates are made frequently and it is hard to keep track of all changes which complicates the 

task for the VPO and the EO. Currently everyone who work with the ENV matrix have access 

to change information in the matrix. Though, there is no standard format or way of describing 

an amendment causing the possibility of different interpretations of the information. Also, 

there is no process of controlling that the information put in the matrix is correct.  

 

The EO and the VPO spend a lot of time today creating ENV schedules and due to how large 

the matrix is and the format of the information, some ships have started to create their own 

matrices or databases where they store the information. MTO Safety found in their study, Ship 

operations and environmental discharges, that the voyage planning process of a cruise takes 

approximately two to eight hours, not including the time the VPO had to spend on verifying 

with the EO that discharge regulations were correctly noted (Kecklund and Olsson 34). To not 

continue further with the problems surrounding the ENV matrix the company has decided to 

make some sort of change and attempt to find a solution of how to collect the information in 

the ENV matrix in a different way.  

 

 

3.2 Sustainability 

 

While creating a sustainable development process it can be easier to look at sustainability 

from the three different perspectives; economic, social and ecologic. When breaking down the 

problem to these three dimensions it becomes easier to understand how they affect eachother 

(Dahlin 2014, 21).  

 

3.2.1 Ecologic 

 

The regulations at sea are different due to the different nature at different areas and it also 

depends on what regulations the country/area/port have made at the sea areas that they are in 

charge of. Discharges and emissions affect the ecosystem and it is therefore important to take 

reponsibiliy of how the company’s activities by not releasing non-compliant discharges. The 

regulations are bound by law and there are significant fees to pay if these regulations are not 

followed.  

 

3.2.2 Social 

 

At present, the work process to create an ENV schedule from the ENV matrix takes a lot of 

time and leaves the worker with no certainty of that the information gathered is correct. Since 

the ENV matrix has grown the work task has become more time consuming while the extent 

of other work tasks have not decreased. The ENV schedule is later used by the crew onboard 

to know when and where they are allowed to do discharges. Both the great responsibility and 

the fact that it takes a lot of time is stressful for the worker who already have a tight schedule 

to follow, making the work process not socially sustainable.  
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3.2.3 Economic 

 

For the cruise ships traveling through these different areas at sea it is important to know 

where and when discharges and emissions are allowed. Otherwise the situation becomes 

economically unsustainable for the company due to having to pay fees, which can easily grow 

in number.  

 

To see all the effects of a problem it is important to look holistically at the system. The user of 

the matrix is one or two individuals at every ship. If the root cause of the problem, the work 

process with the ENV matrix, is not treated problems may occure at multiple steps in the 

following process. The stress that affects the workers may lead to errors while working which 

can result in that non-compliant discharges are made. If the stress levels are too high the 

workers might have to take sick leave or even worse resign, then the company needs to find 

replacements which takes both time and costs money. All these problem outcomes cost a lot 

of money for the company and therefore the process becomes financially unsustainable.  

 

 

4 Results - Prototype description 

The result is a prototype of a program, which the project group have agreed to call the 

Environmental Planning Tool (EPT), which collects relevant data from the ENV matrix which 

the user needs to create the ENV schedule. When an ENV schedule is created it is saved in the 

program so that the same work does not have to be done multiple times by other users. Instead 

the users share and take part of each other’s work through the EPT. Another feature of the 

EPT is that it has a location-based indicator so that the user of the program can see where they 

are and what discharges are allowed. In this chapter the prerequisites for the program is 

presented as well as the features and the user manual of the program.   

4.1 Prerequisites for the Environmental Planning Tool 

 

1. The ENV matrix, where you find all regulations, is managed and maintained by a 

person who is in charge of it. Instead of the current situation where edititing of the 

information could be done by anyone who have the ENV matrix excel file.  

2. The person responsible of the data in the environmental matrix enters and formats the 

data in a standardized format to minimize variation and maximize the user’s 

apprehension. 

3. Every ship, FOC and all other potential users of the environmental matrix are 

connected to the EPT and communicate amendments through it when regulation 

changes occur. In that way new information can be analysed and entered into the 

matrix. 

4. The environmental matrix is always up to date and contains correct information at all 

times.  

5. There exists a database with all ENV schedules. An existing ENV schedule of an 

itinerary is overwritten when the ENV schedule is edited and shared.  

6. The EPT can either: 

I. Allow the user to download Excel files to their local device and upload Excel 

files to the EPT.  

II. Manage Excel files directly in the EPT. 
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4.2 Key ideas behind the Environmental Planning Tool  

 

We have understood that the amount of work and time the Environmental Officer and the 

Voyage Planning Officer need to put down on interpreting the information from the 

environmental matrix, translate it to “Yes/No” and create an environmental schedule for the 

voyage is not psychosocially sustainable (Kecklund and Olsson 2018, 31-34). However, the 

project group believes this work situation has not always been this way. Rather, the project 

group believes work tasks concerning environmental pollution has increased due to increased 

global awareness of the environmental stress humans are causing. The workload was maybe a 

lot less 10-20 years ago when there were not as many regulations. Therefore, how the EO and 

VPO are working with creating an environmental schedule needs to be brought up to date. 

The prototype has been based on and developed on following conditions:  

• Store information in a database – All information in the environmental matrix 

should be stored in a database which every relevant user at Holland America Group 

should have access to. 

• Three search words – in the matrix the user can look at country, area/state, port. 

When specific information about a port does not exist the general rules for the country 

apply and therefore must be given to the user. Today the user could put in “country”-

”area/state”-”port”, and the program would not give information about the port if there 

is no specific information. Another solution would be to use UN/LOCODE. 

“UN/LOCODE is a combination of a 2-character country code and a 3-character 

location code”, i.e. “Barcelona, Spain” would be stored as ESBCN. This format is 

used by the United Nations Code for Trade and Transport Locations (unece.org). A 

benefit of using UN/LOCODE is that the coordinates for each location are available 

and can, thus, be stored in the database. These coordinates can be used to develop a 

location-based indicator in the ENV schedule, instead of today’s time-based slots.  

• Only see what is relevant – The user should not have to search in a huge matrix or 

database with information that is not relevant. The user lets the program, 

Environmental Planning Tool (EPT), know where he/she is going and the EPT gives 

back information from the “environmental database”, currently the ENV matrix, 

according to that. This way the user manages significantly less information. 

• Avoid double work, share your work – If one person has done the job of creating an 

environmental schedule for a voyage, no one else should have to do the same job. 

• Communicate amendments - if there have been any legislation changes, users should 

communicate these to the company using the EPT. This way all users will be able to 

be aware of the amendments.  

 

4.3 User manual for the prototype 

 

The project group suggests going through the user manual for the proposed Environmental 

Planning Tool (EPT) in parallel with the appendices. See visual prototype in Appendix A and 

an alternative layout in Appendix B.  

The visual prototype for the EPT has following functions: 
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PAGE 1 – Start page - Four functions 

 

1. A start-to-finish search bar - To search for a voyage from start location to end location. This 

generates a selection of voyages so that the user only will be presented voyages that have the 

same start and end location. The user will be taken to a database where previously saved ENV 

schedules are saved that have the same start and end location. This brings the user to page 2. 

 

2. Recent amendments - This is the way for the off shore office (FOC, ENV matrix operator) to 

communicate when ENV schedules are in need to be updated. Since the voyages that are 

saved are made manually there needs to be a system to report when an amendment is made 

and regarding what location.  

 

3. Report amendments - A form to fill in and a button to report the new amendments to FOC or 

ENV matrix operator. 

 

• Sudden changes -  The orange button “Sudden change in voyage” takes the user to page 4 

and can be used for example if drastic weather changes occur. This is a short cut to the 

information in the ENV matrix. 

 

 

  

PAGE 2 – Select an ENV schedule to download – six functions  

Alternative 1, download and upload  

1. Database: Containing saved voyages from earlier trips traveled by any ship in the fleet. The 

user sees previously saved voyages and can see if there are amendments regarding destinations 

in the itinerary. When the user has selected a voyage the ENV schedule will be downloaded 

when the user presses the download-button at the right.  

 

2. Download: The user wants to download an ENV schedule that exists. And the alternatives are 

a finished schedule, a schedule that needs updating/changing. The user clicks on the button to 

the right of the saved ENV schedules with the download symbol. 

 

3. Green button: If the user wants to create a new ENV schedule the user clicks on the green 

button, “Download empty ENV schedule”. This gives the user an empty ENV schedule to 

manually fill. This only works as a download-button for an empty schedule.  

 

4. Blue button: Upload and run, when a schedule is created or updated it is important that the 

user uploads the new schedule so that everyone can use it and therefore save time. A window 

will open, page 6. 

 

5. Forward arrow-button: This brings the user to page 4 where the user can select information 

from the matrix. 

 

6. Backward arrow-button: This brings the user to page 1.   
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PAGE 3 – Alternative 2 to page 2 

 

Open window directly with matrix to edit 

 

1. Database: Containing saved voyages from earlier trips traveled by any ship in the fleet. The 

user sees previously saved voyages and can see if there are amendments regarding destinations 

in the itinerary. When the user has selected an ENV schedule by selecting a box to the right, a 

window will open with selected ENV schedule like the example on page 6.  

 

2. Green button: If the user wants to create a new ENV schedule the user presses the “Open ENV 

schedule window” to receive an empty ENV schedule a window will open with an empty ENV 

schedule like the example in page 6 but empty.  

 

3. Forward arrow-button: This brings the user to page 4 where the user can select information 

from the matrix. 

 

4. Backward arrow-button: This brings the user to page 1.   

 

 

 
PAGE 4 - Update/create/edit/sudden changes/arrows that that takes the user to the selected 

information.  

 

1. Update/create/edit: Here the user will be able to enter the destinations in its itinerary and the 

“Information matrix window” will open when the user presses search. There are two alternatives 

for what searchwords the user shall use. Alternative one is based on the current format of the 

ENV matrix and the second alternative is UN/LOCODE which requiers the format of the ENV 

matrix to change.  

 

2. Share and run: This button exists on the first alternative of the EPT, but in the second 

alternative the button is found in the ENV schedule window. 

 

3. Backward arrow: Takes the user to page two or three depending on what alternative it is.  

 

PAGE 5 – The ENV matrix window  

 

1. Present the information: The information from the environmental matrix will be gathered here 

and presented like the example in page five. In the example page there are the two alternatives 

of the searchwords and how it would look.  
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PAGE 6 – The ENV Schedule  

 

Alternative 1 

 

When the user have pressed “Share and run” on previous page the selected ENV schedule will be 

uploaded to the database for further use and a new window will open. The ENV Schedule 

window. The window has an indicator on where the ship is at to show what kind of discharges the 

ship may discharge. An alternative to have an indicator bar like in the example in page 6 may be 

using a map.  

 

• PAGE 7 – ENV Schedule window  

 

Alternative  2 

• When the user either has selected an existing ENV schedule or no schedule and pressed “Open 

ENV schedule window” the ENV Schedule window will open. In the window the user can 

edit/create or update a ENV schedule before pressing the button “Save and run ENV schedule”. 

The ENV schedule will be saved to the database so that others can access it.  

 

A short video has also been made to break down the project and visualize the prototype 

further. The aim of the video is to make it easier for the reader to understand the underlying 

ideas and concepts of the solution. 

Since the project boundaries where to include the ENV matrix, the idea was to create a tool 

which would disconnect the user from the ENV matrix since it is difficult to manage. Instead 

the user works through an interface with much lower exposure to redundant information.  

 

5 Discussion 

 

During the process of analysing the underlying issues of the environmental matrix and the use 

of it we came to the understanding that the people who are responsible for creating the 

environmental schedule for each itinerary, often the EO and VPO, spend an very long time 

just trying to search and find right information for each area in the environmental matrix. 

What we realized was that the environmental matrix can be seen as a database, but should not 

be dealt with by the user due to the huge amounts of information. Instead, the idea was to 

create some sort of a “bridge” between the environmental matrix and each voyage’s 

environmental schedule. It is found in MTO Safety’s study that “...the preparation of the 

environmental schedule requires navigational and technical knowledge, and it is important 

that these competencies collaborate when developing the schedule” (Kecklund and Olsson 

2018, 31). Since the planning of the environmental schedule requires expertise due to 

dynamic changes it would still require the EO’s and VPO’s assistance. However, it would be 

possible to create a planning tool to assist the user when planning environmental discharges 

for a voyage. 

 

While developing systems where humans and machines interact it is very important to have 

the human needs in mind. The user of the system, often called operator, has the task to 

process and interpret the information and then act on what should be done. Therefore, it is 

important that the communication between human and machine needs to be based on the 
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human senses; vision, smell, hearing, feeling and taste. Despite the technical advances that the 

machine might have, without considering the usability of the system, the technical 

advancement might be in vain. Currently they are at a stage where the amount of data is so 

large that it has to be customized to the one whom will use it. The information in the 

environmental matrix is digitalized and therefore it can also be customized.  

 

5.1 Thoughts about the prototype  
 

Whilst creating the program we have put down our key ideas to have a guideline to follow 

when coming up with new ideas. These ideas were then presented to MTO Safety to receive 

feedback on what they thought were essential features for the program. We started with 

putting all the functions in to a powerpoint and gathering them at different pages for different 

functions. We used Apple as an inspiration for the design because we wanted the design to 

feel easy and non-frightening, almost childish. We think that that is a good approch when 

introducing a new program because it makes it very clear for the user that there can be no 

error. We also made a design that has a classical computer program design after feedback 

which suggested that the user may prefer having all functions of the EPT gathered in one 

frame.  

 

The problem with managing the ENV matrix is not eliminated, it is only moved from beeing 

the work task of every EO at every ship to be directed as a task for the workers at the FOC. It 

may still be a time consuming task to keep the ENV matrix up to date but in our solution we 

hope that information that one person receives can be collected and shared to all ships. Since 

the ENV matrix is complicated to manage the company has seen a trend that the ships receive 

local information or have local methods that are not shared in the ENV matrix. We hope that 

with the implemented communication way in the EPT it will be easier for the employees to 

report amendments and share information. When the amendments are received at the FOC 

they can verify that the information is correct and make changes in the ENV matrix in a 

manor that can not be misinterpreted.  

 

One solution that could eliminate even more time spent on creating or editing ENV schedules 

would be to make the outcomes of the ENV matrix binary, like the ENV schedules are, 

depending on what the conditions like location and speed are. We do not have enough 

information about the regulations to know if this is a possibility. If it is, the ENV schedule 

could easily be generated automatically from the ENV matrix. But the time consuming task of 

keeping the ENV matrix up to date with revised information still exists. One solution to that 

problem would be to collect the informations straight from the internet, the problem is that all 

regulations are not available online and the information has no standard format. Whilst 

looking in to the problem we found companies who work with collecting the information 

about the regulations, so one solution could be to buy the information.  

 

5.2 Standardized format for locations in the ENV Matrix 

Subsequent chapter emphasizes potential benefits of changing from current format in the 

ENV matrix to the standardized format UN/LOCODE. The change is discussed and motivated 

with connection to functions of the EPT and suggestions for the future.  

 

Currently, dispatch information for each location can be found by determining what region 

the location is in, followed by determining which country’s regulations apply for the location. 
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If there are any specific regulations for the location then these might by presented by 

additional differentiation where area/state and even port can be determined, if such exist for 

the location in the environmental matrix. Further on, “level of location” will refer to the level 

of differentiation of a location, from country being the first level to area/state being the 

second to port being the third and highest level of differentiation. 

 

Hence, to collect dispatch information for a location the user will often have to attain an 

overview and go through all options and choose according to best matching country, 

area/state or port. The limitation which brings the user to a problematic situation is the fact 

that the environmental matrix does not have specific locations connected to the appropriate 

level of location. For example, if a desired location is not mentioned in the environmental 

matrix, then the user cannot simply search for that location but must, as earlier mentioned, 

determine which level of location applies to the desired location.  

 

In order to be able to introduce a search function for the EPT we would suggest changing the 

format in which locations are formatted in the environmental matrix. Alternatively, we 

suggest that each port which is being visited by Holland America Group’s cruise ships is 

wired/connected to the correct level of location in the environmental matrix. Här har ni två 

förslag invävt i texten. Det är svårt för läsaren att förstå vad som er ren fakta och beskrivning 

av nuläge och problem, kontra vad som är era förslag och er analys 

 

However, the group suggests that Holland America Group changes the format in the 

environmental matrix to UN/LOCODE, which is the United Nations Code for Trade and 

Transport Locations. UN/LOCODE enables the user to search for the port he/she is travelling 

to and immediately receive information about the port from UN’s database, most interestingly 

coordinates, name of the country and city/town name. Combining this information with 

dispatch information from the environmental schedule which applies to the location would 

enable Holland America Group to create a database where the user can search for 

UN/LOCODE or city name. The more specific the user’s search is the more relevant 

alternatives will be found, and therefore a search in the UN/LOCODE format would enable 

the user to receive correct dispatch information for the desired port with only one search.  

 

Additional benefits of using UN/LOCODE is that there are coordinates for each location. 

Coordinates would enable the environmental schedule to receive input of coordinates and 

generate an axis which would indicate the location of the cruise ship in relation to previous 

and next locations. A similar concept has been used for the environmental schedule where 

timeslots would help the user to know when to dispatch what. However, it is mentioned in 

MTO Safety’s Ship operations and environmental discharges that “The detailed level means 

that the schedule always will become inaccurate due to frequent changes, e.g. changes of 

itinerary, late/early departure, wind, weather, current and speed” (Kecklund and Olsson 2018, 

31). If the environmental schedule is instead location-based, which also the dispatch 

regulations are, the environmental schedule will never be outdated if the cruise runs late or if 

other sudden changes occur affecting the time schedule. Another function could be added, 

which is a real-time indicator. A real-time indicator can take input from the cruise ship’s 

system in order to acquire the cruise ship’s current location, and visually indicate the cruise 

ship’s location in relation to previous dispatch location and the forthcoming dispatch location. 

In the ship operations study it is mentioned that “It is more efficient to look at the ECDIS, to 

check when the ship passes a limit where discharges of some sort are allowed” (Kecklund and 

Olsson 2018, 31). Thus, there already exists an understanding that it is easier to determine 

when to dispatch what by following location-based information. Therefore, we believe a 
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location-based environmental schedule with suggested features would be easily accepted by 

the crew workers and would also create a more robust environmental schedule. We are 

convinced such a solution would be easier to understand and would require less analysis of 

visual information before being able to draw a conclusion about dispatches. Also, it is our 

firm conviction that such a solution is more appropriate for the work environment which has 

many different factors playing in, making planning and time punctuality a problem with high 

complexity.    

5.3 Future potential with Industry 4.0  

 

There is an endless amount of solutions to this problem and with the ongoing technological 

revolution developers need to think about what future advancements can provide.   

 

Industry 4.0 is a way of pushing todays industry to take a leap towards a more technical 

advanced stage and therefore make industries invest in new ideas and technology. Depending 

on how big a company is it is more or less capable of making these leaps due to needed 

economical investment. But it is not all about finance, to make changes in a company where 

there works a lot of people is also risky, if not done correctly it can lead to creating a problem 

rather than solving one. Therefore, thinking in systems with maintenance and development is 

more relevant than ever. 

 

Industry 4.0 is the new generation of technology and our solution to the problem is not close 

to the most technologically advanced options. Another solution could be using cloud-based 

servers in order to continually have access to files and informtion. A version of the program 

would be to be cloud-based where no downloads or uploads needs to be done, instead you 

work directly in the cloud. A suggestion to Holland America Group is to consider having the 

database containing dispatch information, which currently is the Excel spreadsheet, in such 

cloud-based database. Having the dispatch information in a cloud-based database would allow 

all actors to be connected to the same information source at all times, as long as the cruise 

ship has internet connection. One of the functions of the EPT is to share your environmental 

schedule so that other users can benefit from eachothers work and not spend time on creating 

identical environmental schedules. This requires the users to upload and download 

environmental schedules, but could instead, using a cloud-based database, avoid the need of 

managing offline files. In addition to investing in a cloud-based solution, the project group 

sees a benefit in limiting the number of sources of information, since the ENV matrix is not 

the only source where crew workers can find regulations and other relevant information 

needed for determining environmental discharges. Reviewing Rasmussen’s SRK model (see 

section 2.4.1) and how visual processing takes place (see section 2.4.2) we can conclude that 

it is likely that reducing the number of sources the EO and VPO need to analyze before 

making a decision would indeed result in positive effects. Not only in cognintive activity 

levels, but also psychosocial and health benefits which would also benefit the company who 

will have workers who are more satisfied of their work.      
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Figure 3. Visualization of different stages 

 

 

An even more advanced version would be to incorporate the concept of  IoT, internet of 

things, where machines execute and regulate discharges and fuel emissions. These can 

communicate with eachother and databases through the internet directly to know if discharges 

are allowed and human interaction is no longer needed. However, this would require internet 

connection with high quality and connection reliability in order to not avoid non-compliant 

discharges. It is understood that current technological conditions would not be able to run a 

working IoT system, some ships have manual labor to dump discharges. The technology 

exists but and it requiers a large investment to make it a reality rather than our solution which 

is a development of what the company already has.  

 

6 Analysis  

This chapter aims to highlight how to implement and maintain the result (EPT) and how it 

would affect the users and the company. 

 

6.1 Problems that can occur with the EPT 

 

Our solution is made with focus to be as easy to understand as possible. A problem that could 

occur is that there is no way to make sure everyone in fact use the program. The previous way 

to create the ENV schedule is working with Excel spreadsheets that are still available on the 

computers. One way to enforce the new program is the “Share and run” button. To be able to 

follow the ENV schedule in realtime with the location-indicator the user must share their 

ENV schedule. But a user could still go offline and use it like they have done previously. 

Also, changing the format in the ENV matrix from present format to UN/LOCODE would 
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demand the users to learn the new language for the searchwords. This could initially be seen 

as a burden for the user who has to get familiar with the new format. However, the hopes are  

that the result will end with it beeing easier and quicker to find the information in the ENV 

matrix for the user. 

  

6.2 Problems surrounding the ENV matrix 

 

Currently, the ENV schedule is also a problem due to its inadequate design according to the 

users. A major issue which MTO Safety reported in their study was that “Officers mentioned 

that it’s also easy to make entries in the wrong time slots/cell which potentially can lead to 

non-compliant discharges” (Kecklund and Olsson 2018, 31). A trivial solution could be using 

different colours for each row or column of the matrix and choosing either the rows or the 

columns. However, as discussed earlier, users who manage the ENV matrix should be very 

limited. It is described in the prerequisits that the ENV matrix needs to be updated and 

maintained by others than the ship crew. Since if everyone have the ability to change and 

update it increases the risk of errors, as an Officer put it “there is too much room for 

mistakes” (Kecklund and Olsson 2018, 31).  

 

The aim of the EPT, more specifically the idea behind saving ENV schedules in a database is 

to reduce the workload and time it takes to create them. However, it is important to note that 

time is here subjective to what we as students have interpreted. We estimate that it would be 

useful and save time without having conducted any detailed study on how much time could be 

saved. Instead, most of this interpretation is based on MTO Safety’s study with the motivation 

that direct interviews with Officers and crew members were done. Though, due to our limited 

insight into the work tasks and the nature of the work, we are aware of the possibility that it 

may in fact be more efficient to not save the schedules. The dynamic factors that can affect 

the itiniraries may be a reason why ENV schedules need to be created from scratch every time 

rather than having a system of recycling. The most important thing is that the solution is seen 

through the user’s perspective and, thus, how to optimize the user-friendliness of the solution 

in parallel to the overall system’s performance. 

 

6.3 How to follow up 

 

If suggested improvements and new ideas are implemented, how can one measure and follow 

up to see if the suggested solution has a positive effect? The project group suggest performing 

a Failure Mode and Effect Analysis, FMEA, while the user interacts with the EPT while doing 

the environmental schedule planning. FMEA is a risk assessment tool to help analyse and 

detect potential risks. In this case it is mainly a question of if the user can create valid ENV 

schedules in a more efficient manor by using the EPT while not resulting in non-compliant 

discharges, nor putting humans or machines in the system at risk. To perform an FMEA one 

must go through the EPT and list all potential risks he/she can find. Each risk is then to be 

analysed and given a score on a scale 1-10 for three questions (Bohgard, et al. 2010, 562-563) 

 

1. What is the severity of the risk? 

2. How often is it likely that the risk will occur? 

3. What is the probability that a failure due to the risk will be detected?  
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Each score is then multiplied with each other resulting in an overall score for the risk. The 

higher the score the more critical the risk is. Since the aim of the solution is to create a robust 

user-friendly solution to avoid failures, in other words wrong decisions and non-compliant 

discharges, the scores should be rather low to indicate a successful solution. FMEA templates 

and scoring tables can be found online. Performing an FMEA is a relatively easy method to 

ensure that the program can manage the situations demanded by the work task. 

 

7 Conclusion  

Our solution to this problem is what we have chosen to call the EPT “Environmental planing 

tool”. The solution can be seen as a program or an app dependning on how critical it is for the 

cruiseship workers to know the information at all times or if it is sufficent to be abel to find it 

on a computer. This solution is developed within the boundaries that the information needs to 

be collected from the ENV matrix. 

 

Our education at KTH, Industrial technology and sustainability, has focused on mending a 

gap that exists between technology today and the human user. Most problems that we have 

worked with previously have occurred in production environments and therefore we have 

used methods commonly used in production to solve this problem. Depending on what 

background a person has they will solve a problem in different manors and the conclusion 

with this information about us is that a programmer would probably have solved it in a 

different way. We hope that with our perspective that we can bring another light on the 

problem and the solution. Our understanding of the problem and the work process behind it 

are based on the report that MTO Safety did at Holland America group and with no further 

investigation of the company made by us.  

 

In the process of changing to a more digitalized system there are many aspects to take into 

account to create a sustainable process. In this particular problem a significant question is how 

big of a technological leap the company can make. There are many solutions to the given 

problem with different cost depending on how technologically advanced the solution should 

be. It is important to look at how long it would take for the company to implement a new 

system to know how much the cost would be to them. An example of a problem everyone 

with a smartphone has encountered is the fact that there is always a new update around the 

corner. So how up to date and long does the leap have to be to be easily implemented but not 

too short so that it is outdated too soon. The conclusion is that there needs to be a change from 

working with the ENV matrix in Excel, and if this suggested solution is the right one is not 

certain.   

 

Nevertheless, it is apparent that the ENV matrix should be separated from the users who 

should not need, nor be able to, manage the database. The main reasons are to lower the 

workload for the users and at the same time decrease the risk of incorrect input of 

information. Also, the ENV schedule needs to be location-based. It can either be by using an 

axis which indicates the ship’s location in relation to different areas on the itinerary as in 

Appendix A, or by using a map as in Appendix B. To enable integrating a location-based 

indicator the project group suggest changing the format for which locations and its regulations 

are stored under. The proposed format is UN/LOCODE which is the United Nations Code for 

Trade and Transport Locations and has the benefits of already being an established and 

internationally used format which also provides coordinates for each location. Having access 
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to a UN/LOCODE database will therefore enable the company to implement a location-based 

indicator which matches a ship’s coordinates with different areas’/locations’ coordinates.   

 

The bottom point is that since the regulations depend on locations, so should also the 

dispatching commands be. In conclusion, the project group suggests investing in a planning 

tool to assist the work of planning environmental discharges. Also, there should be an 

investment in either creating a function at the company or taking help by a third-party who 

maintain the database with environmental discharge regulations, currently the ENV matrix. 

The project group believes the EO and VPO would benefit from this psychosocially which 

could potentially show a positive effect in their health and attitude to work, while also 

decreasing costful non-compliant discharges. After all, the aspects of sustainability rely on 

one another. By investing in a solution with environmental and social benefits, the company 

can also expect to see financial improvements.  
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Appendices 

Appendix A: Visual prototype – Inspiration from app layout 

Appendix B: Alternative layout – Inspiration from computer program layout 
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Appendix A: Visual prototype – Inspiration from app layout 

Page 1

Page 2
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Page 3

Page 4
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Page 7
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Appendix B: Alternative layout – Inspiration from computer program layout  
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