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Management summary 
This paper discusses the laws and regulations regarding the capture and storage of carbon dioxide on 

board of inland vessels. The reason behind this research is that carbon dioxide is one of the major 

concerns in the current greenhouse gas reductions. In this paper there will be looked at inland 

vessels capturing and storing carbon dioxide straight from the main engine, using oxyfuel and pure 

oxygen to create clean emissions and therefore a better environment. Four dimensions will be 

discussed such as the current legislations, the safety systems, managing the organisation of the 

carbon dioxide benefits, and a method to control the amount of carbon dioxide being transferred to 

the shore.   

Research has shown that the current rules and legislations concerning carbon dioxide storage in 

inland vessels are inadequate or non-existence. Because the capture and storage of carbon dioxide is 

in its early stages, the rules and legislations still need to be formed.  New rules concerning this 

problem can be submitted to CESNI which is an European organisation found by the EU and the CCR.  

There is found that carbon dioxide can be transported and stored in the same way as LPG is. 

Therefore the safety systems of an LPG carrier are sufficient for the carriage of carbon dioxide. 

However the level of safety these systems bring are too much for the carriage of carbon dioxide 

because carbon dioxide does not have the combustion danger that LPG has. The advice is to just have 

a system to detect the leakage of carbon dioxide as this is the only real danger concerning the 

capture and storage of carbon dioxide.  

The CO2 benefit that is gained by the use of oxyfuel needs to be calculated and distributed.  At the 
moment there are no organisations or rules that manage this project. The advice is to hand over 
management of this to the organisation CESNI. This organisation it was created by the EU and the 
CCR to create uniformity in the maritime sector.   
 
Therefore no country might be left out or create a system that isn’t fair for the other countries. The 

main idea is to not calculate the CO2 emissions per country for the inland navigation vessel, but to 

calculate it for the whole of Europe. The maritime sector will be an independent chapter in the Paris 

accord of 2015 and will create an international environment in which all of the maritime sector will 

contribute to a better future. Therefore no country can make more profit from it and everything is 

equal for all countries.  
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Introduction 
In December 2015, 195 European countries attended the climate conference (COP21) in Paris. In this 

conference the European countries adopted a universal deal which states that they will contribute in 

battling global climate change. They agreed on limiting global warming to 2°C and preferably to 1,5°C. 

In order to meet this agreement, the European countries have to decrease the amount of greenhouse 

gasses they produce, that contributes to the largest part of global warming. 

The aim of the Netherlands is that they will cut the amount of greenhouse gases by 49% in 2030. 

Moreover they’re aiming for a cut of 55% compared to 1990 emissions. The end goal is to reduce all 

greenhouse gasses with 95% in 2050.  Carbon Capture and Storage (CCS) has been seen as one of the 

best ways to address the amount of greenhouse gasses who are produced into the air.  

STC-group is currently researching the practical applications of oxyfuel technology combined with the 

CCS system in inland shipping. Oxyfuel technology is a special technology in which pure oxygen is 

injected in combustion engines, instead of air. The resulting smaller volume of exhaust gases is 

captured, the CO2 stored in tanks which is then used for various chemical applications and for 

storage underground. 

This technology hasn’t been implemented yet and the STC-group is wondering about the legislation 

concerning carbon capture and storage. In order to answer this complex question, four main 

questions have been asked. These main questions are: 

1. What is the current legislation regarding carriage of CO2 in bulk, and is it satisfactory? 

2. What specific safety systems would be necessary when this system is applied? 

3. How will the CO2-benefits be divided between the different countries the ship sails in? 

4. Design a method to provide insight in the amount of CO2 a ship discharges ashore. 

These questions will be answered using literature research and by asking questions to the Ministerie 

van Infrastructuur en Waterstaat. 
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1. Current rules and regulations 

1.1. Types of transport and current Regulations 
Industry Based in the Port of Rotterdam and close by account for 33.1MT of CO2 emissions in 2017. 

The industry combined with the maritime transport share 17% of the total amount of emissions in the 

Netherlands. The maritime transport itself is accountable for approximately 87% of the emissions. This 

means that the Maritime industry in the Port of Rotterdam can play a big part into reducing the CO2 

emissions and matching the agreements made in Paris. 

They way to achieve this reduction is by starting to capture the CO2 these vessels and these factories 

produce. By Using a mechanism called oxyfuel, a cleaner type emission, purely CO2, is produce by 

vessels. The produced CO2 could be captured and stored on the vessel itself. Nowadays there are only 

a handful of vessels worldwide who transport liquid CO2. In addition to that, to this date, not one 

company in the Netherlands uses CCS. This means that in the field of legislation, there is nothing to 

find about current regulations of transporting liquid CO2 stored on vessels, since it’s nothing more 

than a possible solution that is not yet being implemented.  

https://www.portofrotterdam.com/en/doing-business/port-of-the-future/energy-transition/all-

about-energy-transition-0 

1.2. Flaws in the current regulations 
The problem with the rules and regulations is that there aren’t any for new innovative ideas. Most new 

bright ideas involve technologies that have not been used yet so the rules and regulations aren’t yet 

in place. This is a huge problem for innovation. To overcome this problem the European union and the 

CCR got a taskgroup together, the CESNI. The CESNI has as set of tasks that they have to fulfil. The 

mission of the CESNI is as follows 

“The European Committee for drawing up standards in the field of inland navigation shall have the 
following missions in particular: 

o Adopting technical standards in various fields, in particular as regards vessels, information technology 
and crew to which the respective regulations at the European and international level, including the 
European Union and the CCNR, will refer with a view to their application, 

o Deliberating on the uniform interpretation and application of the said standards, on the method for 
applying and implementing the corresponding procedures, on procedures for exchanging information, 
and on the supervisory mechanisms among the Member States; 

o Deliberating on derogations and equivalences of technical requirements for a specific craft; 
o Deliberating on priority topics regarding safety of navigation, protection of the environment, and other 

areas of inland navigation.” https://www.cesni.eu/en/about-cesni/ 
 

Because of the CESNI more uniformity can be found for inland navigation vessel internationally. 

However it was not yet clear how this could affect the rules and regulations of our topic. Therefore 

contact was made with an employee in The Hague. She made it clear to us that to be able to make new 

technologies work in the sector, every new innovative ship has to be inspected. There are certain forms 

that need to be filled in, in order to get an inspection. The main aspect of this inspection is that the 

new innovative ideas have to guaranty the same safety as normal vessels (as is shown in appendix I). 

This was in important piece of information. In order for the CO2 to be transported as bulk the safety 

has to be guaranteed to get through the inspection. Therefore some more research needs to be done 

on the safety of transporting CO2 as can be read in chapter 2.  

 

https://www.portofrotterdam.com/en/doing-business/port-of-the-future/energy-transition/all-about-energy-transition-0
https://www.portofrotterdam.com/en/doing-business/port-of-the-future/energy-transition/all-about-energy-transition-0
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1.3. Legislation Concerning storage and Transportation 
The company The Port of Rotterdam, together with Gasunie and EBN are working together on a 

preparation of a project called PORTHOS, Port of Rotterdam CO2 Transport Hub & Offshore Storage. 

CCUS (Carbon Capture Usage and Storage) is a method by which the CO2 produced by the industry in 

the port of Rotterdam will be collected and stored in empty gas fields deep bellow the North Sea. Part 

of the captured CO2 can be used to increase plant growth in the Dutch agriculture.  

The idea is that the factories who produce CO2, based in the port of Rotterdam, can be joined to a 

central network of pipelines. This network will be uniform and throughout the port. The CO2 in these 

pipes will be transported to a platform in the North Sea. On this platform the CO2 will be compressed 

by a compression station and pumped into the empty gas field at a depth of 3 kilometers. 

Fortunately legislation concerning the transportation of CO2 in pipelines and permanent storage 

already exist. The regulation and requirements can be found in the Mijnbouwwet.  As mentioned in 

1.1 legislation concerning the transportation of liquid CO2 on vessels is nonexistent.  

 

1.4. Advises 
The project PORTHOS is a good initiative for a quick term solution to reduce the amount of CO2 being 

emitted. Capturing and Storing the CO2 Is an end-of-the-line-solution because it doesn’t decrease the 

amount of CO2 that is being produced, but it can buy the industry more time into the transition to 

develop sustainable and more efficient ways to reduce the amount of CO2 being produced. Initially 

PARTHOS is limited to the industry on land in the port. Since they are planning to use a central uniform 

network of pipelines throughout the whole port, it could be easily be accessible by vessels. By 

expanding the project to also the maritime industry, greater reduction of greenhouse gasses can be 

accomplished. Vessels using oxyfuel technology could deliver their captured CO2 into this same 

network.  

New legislation concerning the transportation of liquid CO2 on vessels should be introduced which 

monitorthe regulation, requirements and permits. 
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2. Safety systems 

2.1. Dangers concerning the transportation of Carbon dioxide 
The IMDG-Code gives for Carbon dioxide (UN-number 1013) that it is a non-flammable gas, it is more 

heavy than air and the carbon dioxide can’t stay fluent when it is warmer than 31° C. This makes the 

carbon dioxide a class 2.2. of the IMDG-code. 

The transportation of the carbon dioxide is similar to the transportation of LPG (Liquefied Petroleum 

Gas) so we will investigate the safety regulations for LPG and sort out which one are helpful for us. 

Since carbon dioxide and LPG have similar properties we can even them out and use the same 

guidelines for transportation the LPG is typically transported at 0,7 MPa. When a tank of CO2 is loaded 

on board the risks can be treated in the same way as the storage for carbon dioxide, which will be 

described below. In the attachments you can find a safety data sheet for carbon dioxide.  

2.2. Dangers concerning the storage of carbon dioxide 
The Carbon Capture and Storage principle contains both the capture and the storage part. The 
capture is done onboard the ship, where it is then stored in a tank. The CO2 is then transferred to a 
tank ashore, after which it is brought to its final destination, which might be agriculture, chemical 
plants or injection in an onshore or offshore site.  
This chapter is about the risks when storing CO2.  
The first, most obvious risk is the leaking of CO2. A leakage can have several adverse effects, ranging 
from health risks and physical risks associated with high pressures and low temperatures, to 
environmental risks.  
 

2.2.1. Health risks 
CO2 is considered a non-toxic gas. However, in higher concentrations it can cause asphyxiation.  
When there is a leakage of CO2, the CO2 will sink to the bottom, due to being about 1,5x heavier 
than air. This means that in case of a prolonged leakage, CO2 will accumulate in the lowest parts of 
the space around the leak.  
CO2 is colorless, odorless and tasteless. This means that it will not be possible to detect a leakage by 
sight, smell or taste. However, the human body does react to a higher-than-normal concentration of 
CO2 in the air. The symptoms of a high CO2 concentration are as follows:  
3-5%: Headaches, shortness of breath, general discomfort.  
8-10%: Cramps, respiratory arrest, unconsciousness and possibly even death. (Linde Gas Germany)  
These symptoms can occur even when the oxygen percentage in the air is still 19%.  
Thus, it is vital that any leaked CO2 gas cannot accumulate in enclosed spaces without being noticed 
prior to entering the space.  
 

2.2.2. Pressure risks 
The other risk is connected to the way the CO2 gas is stored. The most obvious way to store large 

quantities of CO2 is by pressurizing it.   
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2.3. Safety systems for similar dangers 
We determined that the storage and transportation of carbon dioxide is similar to that of LPG so, we 

can assume that the safety systems for LPG are sufficient for the storage and transportation of carbon 

dioxide.  

The LPG ships are divided in three divisions: the full pressure ships, the semi-refrigerated ships and the 

full refrigerated ships. The full pressure ships are mostly used for the smaller amounts of cargoes (less 

then 4000m3), as we are looking to capture the carbon dioxide from the engine and store it we will 

only have small amounts and therefor will be looking at the full pressure ships and their systems.  

After thorough research there are no systems found that can increase the safety for the storage of 

carbon dioxide, this since the carbon dioxide is not that dangerous. The only real danger is if there is 

an enclosed space the room can fill up with carbon dioxide if the tank has a leakage, therefor it might 

be good seamanship to always check the room, where we store the carbon dioxide, with a gas meter 

to check the oxygen levels and make sure the room can be ventilated if these levels are too low.  
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3. Organisation managing the CO2 benefit 
In this chapter we will discuss what advice can be given on how to manage the CO2 benefit and how 
to distribute it. This has to be done because there may be disagreement between the inland shipping 
countries involved. At the moment there are no organisations or rules that manage this project, 
because this project has never been carried out before. It has therefore been decided to base the 
advice on choices that are weighed against the possibilities that exist.  
 
In the first part is shown how the emission are determined for inland shipping. In the second part the 

CO2 targets for each country at European level is given. And as last the possibilities for managing this 

project will be examined. Ultimately, a balance is made between the objectives of the countries and 

the possibilities. This will show which organizational structure best suits this project.   

 3.1.  How are the CO2 emissions per country determined for inland shipping?  
It is important to know how many emissions a country has with respect to inland shipping. Since this 

affects the objectives of the country. 

 Quantity of CO2 production per ship 

The C02 emission of an inland vessel is calculated on the basis of the total energy consumption of a 
vessel. (Binnenvaart, 2015) This is done by the following formula: 

 
 
The production/emission from inland navigation is directly proportional to the amount of fuel burned. 
1 tonne of gas oil gives +/-3 tonnes of CO2. (Non-Carbon River Boat , 2017) 
With this data it is possible to calculate how much C02 is produced per ship. The advantage can be 

based on this per ship or an activity.  

It is possible for the inland vessels to sail through several countries. There is no legislation that obliges 

you to indicate how much CO2 is produced in a country by an inland vessel. This was chosen because 

it is difficult to determine which country is responsible for the CO2 emissions of the inland vessels. 

(CO2 uitstoot veel hoger door lucht- en scheepvaart, 2017) Chapter 3 discusses in more detail how the 

distribution and measurements are carried out.  

3.2.  The CO2 targets for each country at European level 
The objectives of inland navigation are not set by country. There are general objectives that have been 
set in the Paris climate agreement. (Van Huizen, 2018) These objectives include: 

• In 2030, the use of biofuels in the total transport of goods will be 33 per cent.  

• To use renewable energy.  

• Encourage private parties to invest in biofuels or innovations (Oxy-fuel combustion 

technology) by taxing CO2 emissions and subsidising.  

Example of innovation by a private party 
An initiative by the Port of Rotterdam Authority, Gasunie and EBN has been taken as an example. This 
company has developed CCUS (Carbon Capture Utilisation and Storage). Chemical companies and 
refineries can deliver the CO2 captured from the production processes via pipelines into a public 
collection network. This collection network ends up in an empty gas field under the North Sea. This 
network of pipelines could be a good hub for shipping in the port of Rotterdam. Similar solutions can 
be implemented in other industrial areas. A public collection network to which ships can connect in 
order to deliver their stored CO2.   
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3.3.  How is the project managed? 
There are three ways to manage the organization from the offsetting of the CO2 benefit. This is can be 
done by the flag states or the involving countries will organize it individually or a general organization 
will be set up to manage the whole. In this part the contents of these three possibilities are discussed, 
but also the advantages and disadvantages.  
  

Managing CO2 settlement per flag state. 
This means that for each country in which the ship is registered, the legislation and the organisation 
are managed.  
Advantage 

• Know exactly who gets the advantage 

Disadvantages 

• Emissions difficult to measure. 

• Expensive/large investment per country. 

• Discuss who is responsible. 

• No equal treatment. 

• Competition.  

Managing CO2 offsetting per country. 
This means that the participating countries themselves manage and enforce the rules and organisation 

surrounding the CO2 benefit in their own country.  

Advantage 

• Know exactly who gets the advantage. 

• Country can decide for itself whether to invest in this project. 

• A country can decide if it invests in industry or gives subsidies to promote the use of CO2 in 

industry.  

 Disadvantages 

• Emissions difficult to measure. 

• Expensive/large investment per country. 

• Discuss who is responsible. 

• No equal treatment. 

• Competition.  

Measuring CO2 production per organization  
This means that a general organisation for managing the distribution of the CO2 benefit will be set up. 

There is an organization called CESNI that can manage this organization. This working body of the 

Central Commission for Navigation on the Rhine has been set up for the joint creation of uniform 

standards for the Rhine and the entire waterway network of the European Union. The additional 

legislation can be adopted by CESNI.  

 Advantages 

• Include additional regulations CESNI. 

• Clearly arranged. 

• Uniform calculation method. 

• Easy to implement. 

• Prevention of competition (standard subsidy). 

• Prevention of negative strategy.  

• Equal treatment (evasion) 
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Disadvantages  

• C02 emissions per country not measurable. 

 3.4.  Conclusion 

It can be concluded that the emissions per country do not need to be measured. As the climate 

agreement states that European inland navigation as a whole must become greener. The objectives of 

the countries concerned are therefore the same. The objectives are to encourage private parties to 

invest in innovation. These innovations include techniques and industries.  The use of biofuel is also 

encouraged.  

In addition, there are three possibilities that the organisation and legislation can manage and enforce 

this project. All have advantages and disadvantages.  
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4. How can you display the method for the quantity of discharged 

carbon dioxide? 
 To make a method that is easy to monitor there can be looked at already existing methods for the 

discharging of fluids. One of these methods is the method that is used in the discharging of sewage 

from ship to shore. Since the carbon dioxide is also transported in fluid form the same administration 

can be used in this process. 

The ship checks the level of carbon dioxide inside the tank and puts this on the paper, after 

discharging the carbon dioxide the level is again measured and the difference is the amount of 

carbon dioxide that the ship discharged. The people on the shore also monitor their own meters and 

cross-reference the amount with the ship. If both parties are content with each other the forms can 

be signed. In the appendix is a form attached which can be used as a standard. 
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Conclusion 
The rules and regulations should not be a problem for this project, because of the special rules and 

regulations from CESCNI is it possible to get a certificate that the ship will be allowed to sail. These 

special rules and regulations require that the vessel can guaranty the same safety as a normal vessel 

can. CO2 transporting as bulk has no extra safety hazards. Therefore securing the same amount of 

safety is not an issue. However the main problem is with the CO2 profit. Who gains the most from 

these innovation, is the country, the entrepreneur or the EU. This is a very though question. In order 

to create certain uniformity in the maritime sector the best solution is to create a taskforce, which 

support both parties. The CESCNI is such a party, it was created by the EU and the CCR the create 

uniformity in the maritime sector. It might be the best solution to hand this task to them as well. There 

fore no country might be left out or create a system that isn’t fair for the other countries. The main 

idea is to not calculate the CO2 emissions per country for the inland navigation vessel, but to calculate 

it for the whole of Europe. The maritime sector will be an independent chapter in the Paris accord of 

2015 and will create an international environment in which all of the maritime sector will contribute 

to a better future. Therefore no country can make more profit from it and everything is equal for all 

countries.  
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