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Chapter 1. Summary 
Sailing the oceans dates back as early as the Middle Ages. Many sailors attempted to cross oceans without 
sufficient equipment. Through the year new routes, for example the Suez and Panama Canals, and new 
equipment have been developed to decrease transit time and increase the safety for crew, vessel, environment 
and its cargo as well.  
 
The increasing water temperature has resulted in a faster and bigger melting process of the ice caps, on the 
North and South pole, and opened a shorter route between Europe and Asia ports. If in the upcoming years 
more ice will melt, the easier the passage for merchant vessels will get. The growing movement of vessels has a 
logical consequence, there will be more pollution and debris in the Polar Region. Therefore precautions have to 
be taken.  
 
The IMO has adopted new legislation for all vessels operating in the Polar Regions called the International Code 
for Ships Operating in Polar waters (Polar Code). The Polar Code is to decrease the environmental footprint of 
vessels and crew operating in these areas. The Polar Code is additional legislation on top of the International 
Convention for the Prevention of Pollution from Ships (MARPOL) and Safety of Life at Sea (SOLAS). Existing 
vessels built before this date, January 1st 2017, need to be retrofitted to meet the standards of the Polar Code. 
Retrofitting needs to be done required of equipment, design, construction, operations, manning and protection 
of the environment. 
Before the introduction of the Polar Code in 2009, a guideline for ships operating in polar waters was published 

by the IMO. This guideline provides a good impression how vessels should operate in Polar Regions under 

upcoming Polar Code. 

The problems that will be researched arise from the entry of the Polar Code in January 2017.  
Technology and equipment has always been developed for current problems and situations. Existing vessels 

will get problems when they want to comply with the Polar Code.  

The conclusion to retrofit to Polar classes 1-5 is probably not realistic for existing vessels. To meet the 

requirements of these higher classes, enormous retrofits need to be done. Therefore a better solution is to 

retrofit these vessels to the lower Polar Classes 6 – 7. Retrofitting to the last two classes would make vessels 

comply with the Polar Code and make them able to sail in the Polar Regions. Companies are free to choose to 

which polar class they want to retrofit their vessels. These choices are mostly based on the period of time and 

with which purpose companies want their vessels to operate in the Polar Regions. 

This research gives attention to aspects of the Polar Code, some of these aspects have caused problems for 
which in this research solutions were found. Within this project a global trainings course is introduced, which 
covers all different aspects of sailing in Polar Regions. The use of communication in Polar Regions can be 
difficult because of the lack of satellites to give a full coverage, in chapter 5 more about this subject. In chapter 
6 and 7 numerous retrofitting solutions for existing vessels are discussed. For environmental preservation in 
these areas, deck heating, clear bridge windows and other several solutions with their advantages and 
disadvantages are explained in these chapters.  
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Chapter 1. Preface 
As part of the education Bachelor of Maritime Operations, students are confronted with problems that occur in 

the maritime sector. These problems are required to be tested and researched. Different research methods 

shall be used to achieve a suited result.  

For a good end-result the group has to work together as a team. The project is divided between all group 

members. Every group member has his specific subject within the project.  

Before reading this project some basic knowledge about the maritime world is advised to get more 

understanding of the subject.  

 

The project group wants to thanks the following persons,  

 

 

Mr. van Kluijven as manager  

Ms. Pronk as principal  
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Chapter 2. Introduction  
Each year more vessels operate in the remote Arctic and Antarctic areas, known 
as the Polar Regions, as a result of the melting ice caps a shorter distance 
between ports is created. Table 1 shows the distances and the percentags of 
shorter distances in comparision to Cape of Good Hope between Rotterdam 
and Hong Kong. 

 
 
 
 
 

Table  1 Distances Rotterdam to Hong Kong 

Due to the increase of vessel operation in the polar regions, the IMO was 
compelled to create the Polar Code. Prior to the code sailing in arctic areas had 
no additional requirements for a safe and environmentally friendly transit. For 
example no extra training of crew or an increased stability of the vessel was 
required. To ensure the environment and the safety of sailors, the mandatory 
guidelines must be accepted by all vessels. Weather conditions in the remote 
regions consist of extreme low temperatures (minus 60 degrees), strong winds 
and sea states that make it difficult for vessels to operate in these Arctic areas 
,(figure one). Also the means of communication are poor and difficult to use. 
Companies intending to operate in the Polar Regions are therefore keen on 
developments about this subject and will be forced to find new means to deliver 
their goods quickly and at low costs.  
 
In 2002 the IMO created voluntary guidelines for vessels operating in Arctic ice-covered waters and in 2010 
voluntary guidelines for vessels operating in polar waters. These guidelines have been initiated as a step 
towards the new mandatory legislation. The Polar Code is developed in consideration with these existing 
guidelines and are applicable for all vessels operating in these areas. The new legislation covers the full range 
of design, construction, equipment, operational, training, search and rescue and environmental protection. The 
expected date of entry into force of both SOLAS and MARPOL amendments is on the first of January 2017. 
The Marine Enviromental Protection Committee has adopted the enviromental part of the polar code on may 
fifteenth at there 68th session. This part includes the following aspects, prevention of pollution by oil, noxious 
liquid substances, sewage and garbage in the Polar Regions. (imo adopted environmental PC , 2015) 
These requirements according to SOLAS and MARPOL are applicable on newbuild and existing vessels. 
Therefore the existing vessels need to be retrofitted to meet both SOLAS and MARPOL demands of this 
legislation. At this moment there are no solutions for existing vessels to meet these requirements. 
 
 

2.1 Problem definition and objective 

The problem definition of this research is that existing merchant vessels do not comply with the Polar Code. 
In this research the polar code and the demands are explained. As well as the new training possibilities, 
innovative anti icing systems and new means of ice detection are explained. Additional information about 
communication and sailing in ice coverd waters will contribute in simple ways to have existing vessels comply 
with the Polar Code.  
 
The Objective is to clarify the legislation of the Polar Code and find solutions for the existing vessels that are 

operating in polar waters to comply with the Polar Code.  

 
 
 
 
 
 

Shipping routes via: Rotterdam - Hong Kong  

Northern Sea Route 8370 Nm   36.2% 

Suez Canal 9360 Nm                          28.4% 
Cape of Good Hope 13109 Nm                         00.0% 

Figure 1 Arctic Ocean and Antarctica 
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2.2 Main and sub questions and project boarders  

The main question will be answered by the following sub question  
How can existing vessels that operate in polar waters comply with the polar code? 

 What is the Polar Code and what are the demands?  

 Which mandatory training and certificates are required for safety and environment aboard vessels 
operating in the polar waters according to the polar code? 

 How can safety be improved through communication in the polar waters? 

 Which elements should be retrofitted aboard vessels to comply with the Polar Code? 

 Which aspects must be added to the existing vessels in order to guarantee a safe navigation in the polar 
waters?  

 Which elements or additional systems should be installed on the existing vessels to preserve the 
environment in the polar regions according to the Polar Code? 

 
 
 
Within this project there are several subjects which will not be researched during this project. The project 
borders are:  

 New build polar class vessels  

 No training or education programs will be developed 

 The financial costs will not be take into account concerning retrofitting  

 No official charts will be made up for polar waters 

 No machinery, equipment or research will be developed 

 No official designs will be made for machinery, equipment and vessels 

 Stability and structural calculations 

 Polar Code manual 
 
 

 

 

Figure 2 Polar and Suez Route 
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Chapter 3. The Polar Code  
The Polar code has several demands concerning the safety, the design and construction of the vessel and the 
operating and manning in Polar Regions.  
 
The first sub question of this research is: What is the Polar Code and what are the demands? 
The International Code for Ships Operating in Polar waters (Polar Code) is defined in several parts. This chapter 
defines te following elements.  
 

 The vessels structure  
 Equipment onboard  
 Discharge from the vessel  

 
Part I-A   Contains mandatory SOLAS safety measures, safety measures about navigation in ice 

conditions, ship structure, safety and fire equipment on board especially for these specific areas 
and for stability of the ship.  

Part I-B   Contains the guidelines for aspects mentioned in Part I-A. 
Part II-A  Contains the mandatory MARPOL pollution prevention measures: pollution by oil, garbage, 

exhaust gases and sewage from vessels.  
Part II-B   Contains the guidelines for aspects mentioned in Part II –A. (imo adopted environmental PC , 

2015)  

 
In the following paragraphs the main subjest of the Polar Code are discribed.  

3.1 Equipment for advanced safety on board  
The equipment to improve safety on board of the vessels is described in the following pictograms. 
These pictograms describe their own specifics problems in relation to the Polar Code. (IMO, 2014) 
 

Windows  
Watch keeping on the bridge is mandatory to ensure a safe voyage. Safety does not only 
depend on navigational equipment. Good seamanship is maintained by comparing visual 
observations with the equipment on board. Therefore clear windows, free of ice are required.  
 
Lifeboats 
Lifeboats need to be ice resistant when operating in Polar Regions. When launched into the 
ice-covered waters, the hulls of the boats need to withstand the pressure of the ice. In case 
the ice is too thick to sail through a possible solution is to winch the boat onto the ice and 
wait for rescue. A heating source and good isolation must be installed into the boats to 
provide a survivable environment. In Chapter 6.8 the subject will be furter elaborated. 
 
Clothing for working on deck.  
Thermal clothing needs to keep the person on deck warm and protect him from freezing. A 
special work suit with reflection stripes, thermal linings with integrated buoyancy foam and 
specially designed to maximize protection aganst hypothermia and cold shock. 
 
Emergency suits  
Clothing in case of abandoning vessel (emergency suits) need to be onboard for every 
crewmember. The emergency suits need to be polar proof and protect the crew against the 
Polar Regions weather conditons and extreme low temperatures. When passengers are 
onboard there must be a suit for every passenger. 
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Making vessels and equipment free of ice  
Water freezes quickly to the cold metal on board, which has a big effect on the stability of the 
vessel. Therefore the ice must be removed in a way that the vessel and structure is not 
affected. The two main principles are burning the ice with high temperatures or removing it 
with a wooden mallot. 
The common freezing conditions in the Polar Regions are white and black frost. 
White frost is icing from seawater splashing over the vessel. Black frost is very rapid 
deposition of ice on the structure of the vessel due to mist, fog or drizzle ect. The ice can 
suddenly become so thick that the stability of the vessel comes in danger. In chapter 5 & 6 the 
removal of ice on deck and equipment will be explained. 
 
Fire extinguisher 
Extinguishers need to be resistant against the cold temperatures. Powder extinguishers can 
handle freezing colds, however the harsh conditions in the polar areas are too extreme. A 
possible solution is to put the extinguishers in an enclosed heated space, away from the cold.  

 
 

3.2 Design & construction 
The design and construction of the existing vessels is described in the following pictograms. 
These pictograms describe the own specifics problems in relation to the Polar code. (IMO, 2014) 

 

Vessel categories 
Vessels operating in polar areas are categorized in strength groups based on the type of 

ice. These categories represent when vessels may operate in the Polar Regions. Vessels 

may encounter the following ice circumstances,   

A - Medium first year ice 

B - Thin first year ice  

C - Open waters conditions less than A-B 

All categories will be further explained in chapter 4. 

 

Stability 
Temperatures in Polar Regions can reach 60 degrees Celsius below zero, resulting in ice 

growth on the vessel. Stability needs to be sufficient to handle the increased weight. 

 

 

Material & Structure 
In this cold environment, materials of the vessel, equipment and construction need to be 

strengthened to withstand the cold temperatures and strong forces from white and black 

frost, see chapter 6.2. An efficient way to do this is to thicken and reinforce the structure, 

or replace it with stronger materials. 
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3.3 Operations and manning in polar waters 
For operations and manning of vessels the IMO created several main subjects described in the following 
pictograms. These pictograms describe their own specific interests in relation to the Polar code. (IMO, 2014) 

 

Navigation 
Vessels sailing through Polar Regions need to receive sufficient ice information about the 

conditions while passing. Equipment used for sending and receiving messages of all kind 

must be kept clear of ice accretion.  

 

Certificates and manuals  
Every vessel is required to have a The Polar Ship Certificate which states the classicifation 
A, B or C of the vessel. The Polar Water Operation Manual is also a requirement and 
provides information about operating in polar areas and how to handle the difficulties of 
operating in polar conditions. Without the certificates and manuals on board, a passage is 
not allowed. Countries and IMO can sanction the vessel for inferring the legeslation. 
 

 

Training 
All masters, chief mates and other officers in charge of a navigational watch need to have 
a complete appropriate basic training for sailing in open water and an advanced training 
for other waters including ice.  
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Chapter 4. Mandatory training and certificates 
Vessels operating in Polar Regions are different compared to other standard merchant vessels. These vessels 
need special certificates such as the ‘’Polar Ship Certicate’’. This is required to approve the vessel to operate in 
Polar Regions. A Polar Water Operational Manual also needs to be on board to provide information to the 
Master and Chief Officer. Also a new trainingscourse for crew who will operate in Polar Regions will be 
initiated. This chapter illustrates which mandatory training and certificates are required aboard vessels 
operating in the polar waters according to the Polar code. 
 

4.1 Polar Ship Certificate 
The Polar Ship Certificate is a certificate that describes the structure, machinery, safety and navigational 
equipment approved by the Flag State. Without this certificate vessels are not allowed to operate in these 
regions. The issuance of a certificate would require an inspection by classification bureaus, taking into account 
the anticipated range of operating conditions and hazards the vessel may encounter in the Polar Regions. 
(www.maritimearcticsecurity.ca, sd) 
The inspection includes information on identified operational limitations, and plans or procedures or additional 
safety equipment necessary to mitigate incidents with potential safety or environmental consequences. 
 
There are 3 different types of categories in which a vessel can be categorized. 
Vessels categories: 
Category A vessel: All vessels designed for operation in polar waters at least in medium first-year ice  
Category B vessel: All vessels not included in category A, designed for operation in polar waters in at 

least thin first-year ice,  
Category C vessel: All vessels designed to operate in open water or in ice conditions less severe than   

those included in categories A and B 
 
Two categories A & B are also defined in 7 polar classes for different types of ice: 

Polar Class 1:  Year round operations in all ice covered waters   
Polar Class 2:  Year round operations in moderate multiyear ice conditions   
Polar Class 3:  Year round operations in second year ice which may include multiyear ice intrusions   
Polar Class 4: Year round operations in thick first year ice which may include old ice intrusions   
Polar Class 5: Year round operations in medium first year ice which may include old ice intrusions   
Polar Class 6:  Summer/Autumn operations in medium first year ice which may include old ice 

intrusions   
Polar Class 7:  Summer/Autumn operations in thin first year ice which may include old ice intrusions 

(MarEx, 2014) 
 
First year ice shown in figure 3 is also known as white ice, it thickness ranges between 30 to 200 cm. When first 
year ice becomes thicker, it also becomes harder. Newly formed ice is relatively soft and there can be navigate 
through this ice with caution. When the thickness increases beyond a metre, it will harden and become 
dangerous for vessels. 
The medium first year ice shown in figure 4 is 70 – 120 cm and thin young ice showin in figure 5 is around 30 - 
70 cm. Second year ice and multi year ice in figure 6and 7 is thicker than 200 cm. (natice, sd) 
 
 

A 

B 
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Figure 3 First year 

 
 

 
Figure 5Young ice 

 
 
 
 
 
 
 
 

Figure 6 Second year ice 

Figure 4 Medium first year ice 

Figure 7 Multiple year ice 
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4.2 Polar Water Operational Manual 
The vessels would also need to carry a Polar Water Operational Manual, to provide the master and crew with 
sufficient information regarding the vessels operations in the Polar Regions in order to support their decision-
making process. The Polar Water Operational Manual contains the following information: 
 

 Operations in low air temperatures 

 Communications and navigation in high latitudes more than 60-N and 60-S 

 Voyage Duration: Standard Routes with their duration through the Arctic Ocean 

 Voyage planning to avoid ice and low temperatures 

 Arrangements for receiving forecasts of Ice conditions (Collecting of Weather reports) 

 Means of addressing any limitations of the hydrographic, meteorological, and navigational information   

 Implementation of special procedures to maintain equipment and system functionality under low 
temperatures, icing and the presence of sea ice. 

 Procedures for contacting emergency response providers for salvage, SAR, pollution control, as 
applicable  

 For vessels intending to operate in ice, procedures for maintaining life support and vessels integrity, if 
the vessel becomes trapped in ice for long periods 

 Measures to be taken in the event of encountering ice/temperatures 
 (Kämäräinen, 2015) 

4.3 Navigation Polar Waters Course 
Navigating in the polar regions requires extra attention from all crewmembers, since the local dangers are not 
presented anywhere else in the world. All crewmembers are required to be in possession of training document 
according to the STCW standard, however the exceptional conditions in these areas demand extra training. A 
solution for this problem, is a international training course.  
 
Transport Canada is a trainings institute in Canada that provides a course that has the focus upon introducing 
ice navigation to seafarers who are about to conduct operations in ice covered canadian waters for the first 
time. In these courses the intructors will teach the attendants how to operate in the Polar Regions: subject are 
voyage planning in ice conditions what prevails in these areas, different ice types to determine if the vessel is 
able to sail through the ice and manoeuvring in different ice types with require speed limitations 
(maritimearcticsecurity., sd). There are other companies that provide similar courses like Transport Canada. A 
similar ice navigation course is given by the company Kongsberg, the Swedish Maritime Administration and the 
International Maritime Traning centre with the same objectives from the course in Canada.  
These objectives for the courses are: 
 

 Vessels Design & Ice Class for Ships.(different ice classes for vessels) 

 Ice Climatology (climatology circumstances in ice conditions)  

 Ice Types & Terminology. (different ice types) 

 Interpreting the Ice Charts ; Ice Detection  

 Preparation for entering into ice areas.(Vessel is ready to operate in ice areas) 

 Passage Planning for Ice Navigation & Reporting Procedures  

 Vessel Handling in Ice Covered Waters (manoeuvrering of the vessel in ice) 

 Working with Ice Breakers & Escort Vessels.  

 Human Factors affecting performance in Ice conditions  

 Simulator Exercise in Ice. 
 
Each company makes assigned Arctic routes fore adjacent waters. For example, Canada provides routes only 
for Arctic Canadian waters. All these courses have many similarities, still there is no universal course. If they can 
be combined, the same course can be taken in each company/country for all assigned Arctic and Antarctic 
waters in the Polar Regions: The Navigation Polar Waters Course. All sailors will take a basic course. 
Depending on rank, for instance captains and chief officers can follow an advanced trainings course. 
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4.3.1 Elements of The Navigation Polar Waters Course 
Table 4.1 shows specific elements which need to be included in The Navigation Polar Waters Course. These 
elements are divided in theoretical and practical skills and will be taught by experienced Polar instructors and 
seafarers. With this training, crewmembers are learned how to handle the difficulties of vessel operations in 
Polar waters. These difficulties can be put in two subjects: navigation and preparing the crew for ice.  
o Navigation situations such as sailing through ice fields, manoeuvre, recognition of the types of ice, 

reporting of ice conditions and working with an icebreaker.  
o Preparing the crew for ice situations is more specified to personal protection. How to handle cold 

temperatures with special clothing. The medical part will contain awareness for hazard and risk when 
persons are exposed to cold temperatures like frostbite, hypothermia and wind chill hazards. (Toomey, 
2010) 

The specific elements in table two are aspects that are important for a new combined course for sailers that 
intend to sail in the polar regions. Below al these elements. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Ice physics, formation, growth, ageing and stages of melt 
The element ice: formation, growth, ageing and stages of melt is informative for the attendants to 
learn about.  
 

 Ice types and concentrations 
The attendants must have basic knowledge about different ice types, the color and the hardness of 
the ice. This is important part of the course, because it is the decision of the officer on watch if the 
vessel is able to sail through an icepack. 

 

 Ice reporting 
Ice reporting is needed to keep an updated weather report of the Polar Regions. Most vessels will sail 
the same route across the polar regions. So each vessel passes the indication of obstacles and can 
inform vessels behind them. 
 

 Ice advisories and forecast 
For good and safe voyage planning, good and reliable ice forecast must be obtained referring to 
paragraph 5.2. Knowledge about prossesing this information into a voyage planning is needed. 

 
 
 

Element Theoretical Practical 

Ice physics, formation, growth, ageing and stages of melt X   

Ice types and concentrations X   

Ice reporting   X 

Ice advisories and forecast   X 

Regulations and publications X   

Maneuvering in ice   X 

Safety procedures during ice transit X   

vessel preparations of low temperatures X   

Icebreaker operations X   

Passage planning   X 

Garbage storage and management X   

Emergency procedures X   

Salvage and search and rescue procedures X   

Training of crew about sailing polar regions   X 

Table 2 – Elements of The Navigation Polar Waters Course - Transport Canada  
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 Publications 
A big problem with sailing in the Polar Regions is the lack of sufficient and reliable publications. Only 
for a few areas, such as the Barentz Sea and Candian waters, charts are avaiable. The other areas still 
need to be surveyed for a safe navigational watch.  

 

 Manoeuvring in ice 
The abilities of manoeuvring in ice need to be taught because the possibility of getting fast in the ice is 
present. So the manoeuvring capabilities in ice conditions. Table 3 shows the speed limitations in 
diffenrent ice Classes. (Ice Classes Speed limitations, sd) This information was obtained from the 
interview with Mr. Jolles (Jolles, 2015).  

 

 Ship Category (ice Classes) Independent Operation 
Speed (knots) 

Escorted Operation by 
Icebreaker Speed (knots) 

A (PC1 – PC2) NA NA 

A (PC3 – PC5) 5  5 

B (PC6 –PC7) 3 3 

C (IA Super – IA) NA 3 knots 

C (below IA) NA NA 

 
 
 

 Safety procedures during ice transit 
Safety procedures are important, because the crew needs to be safe when working in this 
environment. For instance the use of safety lines when working on deck and reducing outdoor working 
time so hypothermia doesn’t occur. 
 

 Vessel preparations for low temperature operations 
The preparations of making the vessel seaworthy in ice conditions is important. The vessel needs to be 
made free of ice by special deicing methods, paragraph 6.3.  
 

 Icebreaker operations 
For all partie it is important that there is good communication between vessels and icebreakers, in 
case a vessels is sailing in convoy in the Polar Region. They need to know how to manoeuvre in the 
vicnicity of an icebreaker. 

 

 Passage Planning 
Planning is very important for vessels that are sailing through the Polar Regions. 
The reason is that there are only a few charts and publications for specific areas in the Polar Regions. 
To obtain sufficient data for these areas more research needs to be done. 
 

 Garbage storage and management  
Garbage storage and management must be a part of the training, so the attendees have knowledge to 
work with right procedures according the Internationale Safety Management Code (ISM), Polar Code 
and MARPOL regulations. Garbage storage is important and the use a organized garbage managmant 
plan on board. The problem is that a lot of vessels don’t have sufficient garbage storage on board and/or 
don’t have an incinerator. Also the discharge of grey (shower and sink drains) and black water (sewage 
water) is only allowed under special conditions explained in chapter 7.3  
 

 Emergency procedures  
If a vessel is operating in the Polar Regions, the emergency procedures of any possible event need to be 
known by any crewmember. The crew must be trained to survive in the cold environment in case of an 
emergency on board. The safety and communication equipment must be in good condition under these 
harsh conditions. 

 

 

Table 3– speed limitations in different ice classes 
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 Search and rescue procedures and Salvage  procedures 
For the element salvage and search and rescue procedures, the attendees to be trained to work with 
the right procedures in a case of salvage or in a abandoning vessel situation. 
The salvage part is important, because the crew needs to keep the vessel in operating conditions, if the 
vessel becomes stuck in the ice for a long period of time before the salvage vessel arrived at the scene.  
 
 

4.4 Conclusion  
Depending on shipping companies choices and wishes, one of the seven polar certificate is issued. The choice 
for categorie and ice class determines the periode of year vessels are allowed to operate in the polar regions 
and the type of ice which is safe to encounter.  
In order to help vessels navigate in polar waters, the Polar Water Operational Manual is a mandatory booklet 
which contains information to support the decision-making process on board. Theoretical knowledge alone is 
not sufficient to guarantee safe operations in the polar waters. Additional training is crucial for the safety of the 
crew as well for the protection of the environment, The Navigation Polar Waters Course would be a major 
benefit to this cause.  
 
This course would train the crew in all elements, see table two, that are crucial for the safety of crew, vessel 
and cargo in polar waters. The course could be divided in two parts, the basic training for sailors, cooks, 
electrical engineers ect.  and the advanced training meant for higher ranking officers. However, more research 
is required regarding the recommendations of the course 
 
To permit the Polar Ship Certificate classification bureaus would be appointed to issue the certificate according 
to one of the seven classes structure.  
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Chapter 5. Communication and navigation 

in polar waters 
 

5.1 Introduction 
In order to operate safely in Polar waters, vessels need to adjust to the 
harsh environment in these areas. Temperatures of minus sixty 
degrees, white and black frost and large icebergs are common hazards 
in these waters. 
The safety of vessels and crew need to be improved through 
communication. For instance reporting to the authorities and receiving 
safety information from other vessels and coastal sites about the 
iceberg activities in surrounding waters. Vessels in distress or in need 
of icebreaker assistance should be able to contact other vessels and 
coastguard without any complications or interference, however in 
desolated polar areas this could pose a problem referring to signal 
strength. This results in a lack of safety for vessel, crew and 
environment. Other problems will be the visibility on the bridge, 
navigational charts and routing. In the following paragraphs there will be solutions to answer the sub 
questions: What aspects must be added to the existing vessels in order to guarantee a safe navigation and 
improve the safety through communication in the polar waters. 

 

5.2 Reporting systems 
A safe voyage starts with good planning. Therefore accurate and sufficient information must be available to all 
vessels. A global reporting system could contribute to this goal and help create safe navigation in Polar waters. 
By ice reporting and other hazards, vessels would be able to choose certain clear routes and therefore avoid 
hazards. For an international reporting system with this magnitude all countries should report information in 
the same format.  

The system now being used, is called the Egg code. This code is an international standard for reporting of ice 
conditions. This code is developed by Canada, with the assistance of other countries, for the World 
Meteorological Organization in the 1980s and uses satellites, vessels and coastal sites to obtain its data to 
report ice conditions. This system is an important tool in making navigational decisions through ice-covered 
waters (The Ice Navigation Manual, 1999). In the appendix 10.2 a brief explanation about the use of the Egg 
code.  

Communication is possible by different means. The most effective way of communication is by satellite. This is 
the fastest and most reliable way to send and receive messages of all kind 24/7. However, this is only possible 
between 70 degrees north and south. Further north and south the satellites cannot give a full coverage. Due to 
the introduction of the Polar Code there will be a greater demand in the use of Cospas Sarsat equipment. At 
this moment there are not enough satellites to give a full coverage when sailing in those areas. The increase of 
vessels operating in these areas will result in a greater demand of satellite coverage. However more research 
needs to be done to examine if there is any economical interest.  

Other means of communication are, 
communication by radio waves 
(terrestrial communications). The waves 
travel by different paths: sky wave (HF), 
ground wave (MF) and line of sight (VHF). 
This kind of communication can be used 
within limited distances and operating 
ranges may vary 
depending on the time of the day. Extra 
ground stations are required to give a full 
coverage.  

Figure 8 - ice build up on navigational 
mast  

Figure 9 Radio waves in the ether 
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5.3 Ice free equipment 
Terrestrial and celestial communication equipment receives and 

transmits its signals though an antenna. This antenna is located on 

top of the bridge and is exposed to the environment. These 

materials can cope with these cold temperatures, but ice accretion 

on these antennas reduces the quality of radio signals significantly. 

Antennas, navigation lights and radars are exposed to these 

conditions, this also includes all GMDSS equipment mounted 

outside. 

 

Navigation lights  

Ice and snow can easily weaken the brightness of navigation lights 

shown in figure 10. The range of which these lights are visible 

reduces significantly, which can create dangerous situations. 

Therefore these lights should be checked frequently. 

Radar 
Radar waves that have to travel through a layer of ice are weakened 
resulting in a less accurate image on the radar screen. With a weak 
signal it is possible that a small vessels and ice bergs do not appear 
on the radar screen and can cause a possible collision.  

Making the instruments free of ice by using wooden mallets is not a suitable option for these sensitive 
instruments. A possible solution is heating of these instruments. By using electrical tracing the scanners can be 
heated from the inside. All of these equipment needs to be replaced by scanners, antennas and navigational 
lights with heating. More research is required regarding the effects on the instruments by heating.  

 

5.4 Exploring routes  

Vessels proceeding through ice fields, intend to do this as safely and quickly as possible. 
Thefore vessels always have to rely on their instruments for a safe passage. Icebergs and icepacks give 
difficulties for a safe watch. Knowledge about the ice in the vicinity of the vessel can be obtained from a drone 
to scout for nearby icefields. This drone cannot be used during the entire trip but only when the vessel gets to a 
big icefield a drone can be activated to find a better route. Also the 
local information can also be sent to a metrological office to give 
them more local information to upgrade their Arctic sea ice charts. 
 
Another solution to increase the safety in the polar regions is an 
additional radarscanner. A close range high quality radar scanner can 
improve the locating of icebergs. This kind of radar is used by inland 
shipping vessels. These radars give a higher quality image than the 3 
and 10 cm radar used on board merchant vessels. With this system a 
third scanner and monitor needs to be installed. This system can be 
used the entire trip this in contrast to the use of drones which have a 
limited air time.  
 
 
 
  

  

Figure 10 - ice build up on navigational 
light  

Figure 11 - radar screen with echoes  
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5.5 Pre assigned navigation routes 
To press on the safety in the polar regions, multiple routes need to be explored and developed in the future. 

The ice is the biggest problem for traffic separation schemes because of movement of ice. The ice will cover or 

reposition the buoys resulting in faults. Therefore a pre assigned route by GPS coordinates or lands marks to 

each vessel that can be adjusted to different weather and ice conditions will increase the safety of vessels 

operating in these areas. This pre assigned route will depend on the ice conditions. Routes need to be suited 

for vessels operating and navigating in the Polar Regions.  

The navigation in northern area is arranged under the following aspects: 

 The guidance of vessels through pre assigned routes in the Polar Regions shall be performed during 

summer and autumn periods, the beginning and the end of this periods which shall be determined by 

the Administration and Marine Operations Headquarters (AMOH) in consideration of forecasted and 

the actual state of ice, navigational, hydrographic weather and other conditions. 

 

 Vessels accepted to be guided through the Polar Regions should follow the pre assigned routes and 
keep within track recommended by the AMOH. 
 

 Master of а vessel navigating in Polar Regions shall be obliged to fulfill orders from the AMOH 
concerning corrections of the route due to changes in ice conditions and to other circumstances capable 
of affecting the safety of navigation, or about а threat to the environmental situation. (arctic-lio, 1990) 

Getting more information from satelites can solve the lack of proper information for vessels operating in these 
Polar areas. Satelites can measure the water depth so they can measure the coverage by ice and spot clear 
ways for vessels to pass. Still accurate measurement need to be taken by using an helicopter.  
 
Another form of information is to combine two systems already onboard: the GPS and multi beam echo 
sounder (retrofit) data can be combined to give information about the seabed in a certain location. The 
combining of these systems is already in use at surveying vessels and arctic cruise/expedition vessels, but not 
at merchant vessels (MarEx, 2014). The obtained data can be sent to an international station, where all the 
data is combined and sent to vessels requesting this data. Data from different vessels can also be compared to 
get more reliable information in that area. vessels can use the data as a separated overlay in the ECDIS. The 
overlay in ECDIS gives the OOW more control. The OOW can compare the charted depth with the depths of the 
surveyed area. This is an innovative way and does not exist for merchant vessels.  
 
In the Arctic, cruise ships are already mapping on this scale for their own use. Cruise vessels that have been 
operating in Antarctica and the Arctic for decades have been accumulating large files of depth soundings 
(MarEx, 2014). The obtained data is not completely reliable, because of the error in the GPS and the multi 
beam echo sounder. Still this gives a good indication about the water depth to be used when making a voyage 
preparation. With the use of phase measurement in GPS the error can be reduced to 5 meters (husti, 2000). 
 
Also correction data like tidal information and own vessels data, like depth and speed, need to be available to 
provide a good survey. The program “Admiralty Total Tide” can be an information source if data from local tide 
station are not available. The system needs to be an automated system because a maritime officier has no 
knowledge about surveying and the land stations need a steady supply of information. A shore station can 
analyse the data coming from the vessel, combine it with information from other vessels and other sources and 
send it back to the vessels requesting depth measurements. In the old situation a surveyor needs te be on 
board to analyse the information received before it can be used. In the new situation the data will be send to a 
shore station and be send back analyzed and ready for use in a ECDIS system 
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The protection of the echo sounder against ice can be solved with the use of a special plate covering the echo 
sounder. This can be a titanium plate that is already being used by Kongsberg. By retrofitting the echo sounder 
even more towards the bow of the vessel, the echo sounder will be protected against broken ice sheets hitting 
the hull after the downflow of the bulbous bow (Hydrosweep, 2012). 
  
A recommended echosounder is the multibeam echosounder, this gives the best results. But an single beam 
echosounder is also sufficient (kongsberg, 2015). The problem with echosounders is the reverberation echoes 
from iceberg or underwater ice. These problems need to be researched and taken into account.  
 
 

5.6 Conclusion  
Operating in polar waters can’t be compared to operations in ‘normal’ conditions. The remoteness 
and low temperatures pose additional dangers, which have to be countered to guarantee safe 
operations in polar waters. 
The combination of strong winds and high waves results in the attachment of white frost onto the 
vessel, creating additional weight. When attached ice is not removed quickly, it could result in a 
danger to the stability. Vessels operating in polar waters should take into account that help could 
come with a big delay.  
The safety of all vessels in polar waters would improve by means of a reporting system. The effect of 
the system would be that vessels receive up to date reports about iceberg activities and other 
dangers. In this way vessels could choose or avoid certain routes.  
The cold and harsh environment will cause that all equipment exposed, will freeze or be covered in 
snow. Radars have difficulties with spotting icebergs and distinguish them from vessels. When 
navigation lights are covered in  ice during the night, this could pose as a danger for both ships. By 
heating these instruments, ice buildup would be automatically counteracted. However, More 
research is required regarding the effects on the instruments by heating  
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Chapter 6. Retrofitting aboard existing vessels  

6.1 Introduction 
This chapter answers the sub question if retrofitting needs to be done for equipment, design, construction, 

operations, manning and protection of the environment. Existing vessels built before January 1st 2017 

intending to operate in remote areas like the Polar Regions, need to be retrofitted making them able to handle 

harsh conditions and preserve the environment. Conditions in the Polar Regions can be for instance extremely 

cold temperatures that reduce the effectiveness of numerous components of the vessel, ranging from deck 

machinery and emergency equipment to seawater suctions. Retrofitting to the higher Polar Classes 1-5 is 

probably not realistic for existing vessels. To meet the requirements of these higher classes, enormous retrofits 

needs to be done. For new build vessels it will be cheaper and easier to comply with the requirements from 

these higher classes. The focus will be to retrofit existing vessels to the lower Polar Classes 6-7. In this chapter 

there are solutions against ice accretion in deck and breaking through ice. The skeg system is a design for all 

vessels of Polar Class B with a bulbous bow to break surface ice. Also solutions of several deck heating 

techniques are covered in this chapter. Strength and stability calculations are not made within this project 

 

6.2 Vessels structure  
The Northern Sea Route Administration (NSRA) was 
created to develop infrastructure and substantially 
increase traffic along the route. The NSRA had already 
issued permits to 431 vessels to traverse the Northern 
Sea Route. The agency does not even expect an "ice 
class" from many vessels, meaning they are allowed to 
enter the Arctic Ocean without a hull that is specially 
reinforced against ice (Spiegel, 2013). This was before 
the introduction of the Polar Code.  
 
To comply with the Polar Code, the structure needs to 
be reinforced. The hull of polar class vessels are divided 
into areas according the forces that are expected to act 
upon them. In the longitudinal direction, there are four regions: Bow, Bow Intermediate, Midbody and Stern 
(iacs.org.uk, sd). To be able to give existing vessels an Polar Class Certificate, they need to meet the 
requirements according to the appropriate ice class. The bow needs to be reinforced to withstand the ice, but 
the complete vessels underwater structure needs to be strengthened conform the requirements of the ice class 
certificates. Additional frames and beams must be installed durning the vessels drydock period. The option to 
retrofit an existing vessel to polar class 1-5 is not desirable, because newbuild will be much cheaper and easier 
to achieve these classe. This is concerning the amortise of the existing vessel and the limitations within the 
existing ship construction.  

 
  

Figure 12 - ice belt zones  
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6.2.1 Ice skeg system 
Vessel operation in polare areas have a lot of contact with ice and this may damage 
the bows construction. The skeg is a system for merchant vessels to slice through 
surface ice. The skeg is efficient for sailing through the Polar waters, breaking the 
ice. A sharp edged skeg improves the manoeuvrability of vessels in ice. The skeg is a 
demand under ice category B, (Polar Classes 6 -7), during operations in the summer 
and autumn. (www.iacs.org.uk, sd) The skeg gives the advantage that it cuts easier 
through the ice. The skeg does not work with thick multiple year Polar ice because 
of the thickness of the ice. Applying a skeg during drydock periods is an achievable 
operation. The skeg is constructed between the bulb and the foreship as shown in 
the figure 16. Research needs to be specified for each vessel individually.  
 

6.3 Anti ice systems  
 

6.3.1 Introduction 
Vessels crew use two highly labor intensive techniques to remove the ice formed on deck: steam and wooden 
mallets. The application of an anti ice system is to make work less labor intensive. When vessels crew is 
occupied with the removal of ice, they cannot perform other tasks which reduces crew’s efficiency of operating 
the vessel. In this chapter several anti ice systems will be explained: waste heat, steam heat, thermal oil and 
electircal heating.  
 
 

6.3.2 Waste heat 
In the engine room the main and auxiliary engines are cooled with two systems: cooling water and lubrication 
oil. The low and high temperature coolingwater systems, constantly cool machinery in the engine room. 
Although this system has some potential, there are also disadvantages; the existing cooling system has no 
sufficient capacity, because the pumps are not designed to provide hot water to the entire deck. Also in the 
cooling water, chemicals are being used that 
have a negative effect on the environment when 
leakages occur. The use of coolingwater is 
expensive because of the large amount of 
coolingwater what needs to be used within this 
system. Therefore this system is not suited to 
heat deck or the outsite of the accomodation. A 
solution shown in figure 14 is to install a 
separate heating system so the cooling water 
stays inside of the engine room. With a separate 
system a suitable pump can be installed to 
provide enough flow over deck. By installing a 
heat exchanger between the coolingwater, 
lubrication oil and the exhaustgasses the 
deckheating water can be heated with 3 
different ways to provide maximum heating 
capacity.  
 

  

Figure 13 - Ice skeg 

Figure 14 – waste heat system  
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6.3.3 Steam system 

Another solution is to install an 
independent heating system such as a 
steam system. An oil fired boiler heats 
water and creates steam which flows 
through a pipe system on deck. Figure 18 
explains a simple layout of a steam heating 
system that can be installed on board to 
provide the necessary heating on deck 
(spiraxsarco). The biggest disadvantage is 
that during a black out or leakage the steam 
in the pipes will freeze, causing a 
overpressure in the line. This can lead to an 
explosion within the pipelines system 
because of overpressure in the system. Also 
long distances transportation of the steam 
from aft of the vessel to the front is not 
possible because of the fast heat transfer of 
the steam to the surroundings. The steam already will be condensated to water because of the heat transfer. 
Using this system near the accomodation will reduce chance of condensation and will make it a possible 
working system. Still more research has to be done about this system.   
 
 

6.3.4 Thermal oil 
The working process of thermal oil system is similar to a steam system. The oil is heated in an oil fired boiler 
and being pumped through the system by a feedpump. Operating temperatures can rise up to 200 degrees 
celsius, and therefore provide a better heat transfer than the cooling water system. The big hazard is that in 
case of a leakage, the deck is covered with oil.  
 
 

6.3.5 Electrical heating 
Large vessels without sufficient heating capacity for the entire deck, can 
put additional electrical heating system on the deck. The supply of 
electrical heat would be provided by the use of an auxiliary engine. The 
advantage will be that it is easy to install on existing vessels. The 
connecting and disconnecting of the system must be easy. The 
disadvantage is that there will be extra fuel concumption. 
(www.warmfloorsource.com, 2015) (Tranberg, 2015) (Bohamet, 2015) 

 
 

6.3.6 Dome  
For vessels navigating in Polar Regions, 
icing on the deck is a major problem. 
When a large amount of ice is formed 
on deck, the vessels stability is 
significantly reduced causing a 
dangerous situation for the crew, 
vessel and cargo. When waves 
continuously hit the vessel and water 
freezes, white frost reducing the 
vessels stability dangerously.  
 
 
 
 

Figuur 16 Electrical heating film 

Figure 17 - Dome concept 

Figure  15 – Steam system 
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Existing vessels, especially bulkers with a small entry 
hold and tankers, can place a dome over the deck to 
prevent ice build up on pipes, deck and pumps. The 
dome has a spherical shape so ice has less potential to 
adhere. The dome, reaching from the forecastle to the 
accomodation on the aft and from side to side gives 
the vessel a aerodynamic design. For each vessel the 
height of the dome has to be determinded. A higher 
dome results in a bigger wind area. Some vessels can 
cope with a lage windarea other don’t. Figure 17 and 
18 show a version of the dome for a ship with a 
coaming of  1.8 metres. This results in a clear walkway 
next to the coaming so there is enough space to work 
and walk when the dome is in a closed position. The 
idea for the dome’s design comes from the vessel: City 
of  ST.Petersburg , figure 19. (www.marinetraffic.com, 
sd)  
 
The dome can be coated with a teflon layer or the 
Ultra Ever Dry-coating referring paragraph 6.4.3. 
 
The labour regulations about how to operate with the 
dome needs to be made by the shipping company. 
Working in proximity has to be done in complance 
with the ISM Code. The dome covers the complete 
cargo deck and forecastle with one open compartment 
underneath. This is a disadvantage in case of fire, 
when smoke is coming from a fire in the hold, the 
complete dome will be covered with smoke which the 
fire fighting delays. Additional research needs to be 
specificed on each vessel individually regarding safety, 
work permission, shape and aditional option of 
compartmentalisation the dome.  
 

6.3.7 Installation 
The dome must be installed in dry-dock periods. The complete dome consists of several components 
depending on the length of the vessel. The components slide over each other, when the dome is opened for 
loading and unloading operations. The dome is connected to the vessel by a rail system that runs through the 
gangway on each side of the vessel from fore to aft. 

The components can be opened and closed by guiding them over a rail system. By using electical heating, the 
cabels can easily be disconnected when the dome needs to be moved. The inside of the dome can be heated 
with forced air, thermical oil, steam or any other heating source available on board. If the inside of the dome is 
heated the ice growth on the outside wil be stopped and reversed. Another advantage of the heated dome is 
that it creates a warm and safe working space inside.  
 
To make the dome seaworthy it has to be secured to the vessel by using cleats and wedges. The cleats will hold 
the dome in position and the wedges will keep the individual components together. When the dome needs to 
be moved, wheels can hydraulically be lowered onto the rails. The cleats, wedges and heating cabels need to 
be disconnected and the dome can be moved across the deck.  

  

Figure 19 – City of ST. Petersburg   

Figure 18 - Dome construstion 
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6.4 Visibility on the bridge 
 

6.4.1 Introduction  
A big problem with the weather conditions is that bridge windows will be covered under a thick layer of ice. To 
guarantee a safe navigational watch, good visibility through bridge windows is a requirement. Several sollutions 
to keep the bridge windows free of ice: de-icing liquid, teflon layer, teflon paint and forced air. The clear view 
screen is an old and out dated concept, The centrifugal force enables all rain, snow and spray to be cleared 
instantly from the screen. Also dirt and salt will not cause any smears. This is a working system, but gives the 
officers on duty only a small window to navigate through and doesn’t give the officer of the watch a good 
overview of the surroundings. (vetus-shop, 2015) 

 
 

6.4.2 De-icing liquid  
De-icing liquid can be used for window cleaning and may 
be an easy way to tackels this problem. The de-icing liquid 
is already used in the airplane industrie, figure 20. A 
special tank can be placed on the monkeydeck and 
connected by hoses to several nozzles before the bridge 
windows. To keep the nozzels free of ice , the nozzels will 
be electrical heated to prevent congelation. A controller 
on the bridge can activate the pump to spray the de-icing 
liquid onto the windows removing ice. The disadvantage 
of most of the de-icing liquids that are used in the airplane 
industrie need to be heated to be sprayed onto the 
windows ( around 55-80°C ). In case the heating element 
breaksdown and no back-up on is onboard, the liquid will 
freeze and can not be used.  
 
The liquid used is called UCAR PG ADF Concentrate, as delivered, has a pour point of -81°C. The fluid never 
actually freezes, but becomes glass-like in consistency. It is diluted with water before use. The diluted mixture 
has a freezing point of -35°C. (DOW, sd) 
 
 

6.4.3 Teflon layer and Ultra Ever Dry-coating 
The use of teflon against ice accretion on bridge windows is a 
new step in the future. The application of teflon shown in 
figure 21 is already know from the use in kitchenware and an 
innovative way against public urinating (NRC, 2015). Applying a 
transparant teflon film on bridge windows will have a positive 
result. It has a factor 10 smaller friction than glass making it 
harder for ice to attach to the bridge windows. The idea is that 
water will not stick to the construction, by the low friction and 
weight of the ice, the ice will slide easier of the surface covered 
with the teflon or Ultra Ever Dry-coating(teflon paint). It is 
suitable for vessels in polar areas, because of the working 
temperatures of the film ranges between -180°C to 260°C which is more than sufficient. The telfon film is also a 
protective layer and is easy to apply (prochema, sd). If ice accrection occurs, the ice will break more easily 
because of the low friction. The use of teflon in the new paint called Ultra Ever Dry-coating is possible on ships 
structure, but the disadvantage is that the coat will lose his working capacity after 1 year and also the costs are 
very high, around 80euro/ square meter (NRC, 2015). More research needs to be done to apply this system 
succesfully. 
 

Figure 21 - Teflon foil  

Figure 20 - Deicing an airplane 
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6.4.4 Heated forced air 
Heated forced air and heated glass panels, according to ISO3434 (ISO, 2012), can be used to increase the 
visibility throught clear windows on the bridge. Most vessels already have a forced air installation on board for 
air-conditioning. These vessels mostly have air vents in the ceiling with nozzles to direct the airflow to the 
windows. By converting and adding more  and heated airflow to the bridge windows, a bigger heating capacity 
is realised. Bridge windows should have sufficient amount of nozzles to transfer enough heated air to the 
window, to make it a efficient system. This system can increase the heating capacity of the windows in 
combination with the ISO 3434 electrical heated bridge windows. Vessels without sufficient air capacity need to 
upgrade their fan/air-conditioning system or install an additional fan/air-conditioning system for the bridge 
windows only. Research need to be specified individually to each vessel, like capacity and quantity of nozzles to 
be sufficient. (Bohamet, 2015) 

 

6.5 Deck machinery  
Without protection all deckmachinary on deck will 
freeze, making them unable to use.To keep these 
deckmachinery free of ice, like winches, pumps, cranes 
etc. they will need to be protected from the cold.Pumps 
mounted on deck need to be isolated from the weather 
conditions. Pumps and various sensitive parts can also 
be placed in an enclosed and heated space on deck. No 
damage can be caused by weather conditions if they are 
located in a protected space. Another possibility is to 
put pumps openly on deck but make them resistant to 
the extreme conditions.  
 
The emergency cranes like MOB crane must be 
reftrofitted if they are not suited to do there job under 
arctics temperature.  
 
Protecting the anchor and mooring gear can be done on different ways. Like making an compleet enclosed 
forecastle. The great advantage is that the forecastle can be kept clear from sprays. The disadvantage is that 
the aft of the eclosed forecastle is open, so frosting can still occur and difficulties of issuing the heaving lines. 
The partly enclosed forecastle is shown in figure 22. The mooring and anchor gear are in an enclosed area, on 
specific places there are doors where mooring lines can be issued. When lines are onboard and the doors are 
closed, the foreastle is free from external influences. Within the forecastle heating can be applied so upgrading 
of the mooring and anchorgear against frosting is not needed, because it is placed in a heated area. Also a big 
advantage is that issuing heaving lines is much easier.  
 

  

Figure 22 partly enclosed forecastle 

https://www.marinetraffic.com/en/photos/of/ships/shipid:226370/ship_name:TINA#123211
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6.6 Life boats  
The lifeboat is a common safety equipment onboard 

merchant vessels. Two systems are being used onboard, 

free fall lifeboat or lifeboats launched by davits. The 

position of the davits on port and starboard side of the 

vessel can give difficulties when launching a lifeboat. 

Next to the vessel the ice is still fast and no clear water 

is available. On the aft of the vessel the ship has made a 

clear path so a lifeboat can be launched into the water. 

To retrofit the davits with a freefall installation on the 

aft of the vessel, it becomes possible to launch the 

lifeboat into water behind the vessel. Still launching a 

free fall boat into water can be dangerous because of 

the large amount of surface ice and growlers 

(underwater ice shells) still in the water.  

A solution is to make a special gravity davit that can be operated from inside the boat by using a special pump. 

This way the boat can be gently lowered into the water behind of the vessel. 

The lifeboat and equipment like engine etcetera needs to withstand cold temperatures. This needs to be tested 

before lifeboat comes onboard. Further research is still going on (devotek.com, sd). Recommendations will be: 

expandable jerry cans for water, this jerry can is able to expand while water freezes but does not damage the 

jerry can. More space for the crew, possibility for heating the lifeboat and extra food rations are required. 

More research still needs to be done.  
 

 

6.7 Life raft  

The life raft, figure 26 is a common equipment onboard merchant 
vessel. Most vessel these days are already equipped with 3 or more 
life rafts. The new Arctic proof life rafts are already available by the 
company VIKING. The VIKING’s Polar life raft is specially designed and 
tested to withstand the harsh conditions typical of Arctic regions and 
can function at temperatures as low as -50. Built-in silicone rubber 
heating mats inside the container also prevent over-icing. This life raft 
is IP68 certified for operations in harsh environmental areas. The polar 
life raft also can be launched by the use of a davit. (viking-life.com, 
2006) 

 

  

Figure 13 Life boat in testing conditions 

Figure 24 Life raft in operational 
condition 



   Polar Code 2015 
 

 
 

29 

6.8 Conclusion  
The deck heating system can be used for the prevention of ice buildup on deck, as well for heating of the dome 
(Chapter 6.5). A pipe system through or under the dome shall provide sufficient heating capability to heat the 
dome and counteract the ice buildup.  
The use of deck heating systems has large potential when vessels operate in Polar Regions. The choice of 
system depends on vessels capability and capacity. However, during a voyage from Rotterdam to Hong Kong 
via the Northern Sea Route of 8370 nm the costs of generating sufficient heating to counteract the icing are 
extremely high making system like wastheat, thermal oil, steam, and electrical heat less favorable. 
When all the heating systems are compared, the electrical system shows the most potentional. This system is 
easy in use and needs only minimal retrofitting. 
 
Every vessel which intends to operate in polar waters needs to be retrofitted. Which specific adjustments 
should be applied, depends entierly on the type of vessel and the desired polar class. 
Retrofitting to polar classes 1-5 would be too costly for existing vessels, therefore a better solution is to retrofit 
these vessels to the lower Polar Classes six and seven. Retrofitting to the last two classes would make vessels 
comply with the Polar Code and make them able to sail in the Polar Regions. Chapter 6 introduces many 
options and systems for vessels, depending on costs and vessels capabilities, to make them comply with the 
desired Polar class. 
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Chapter 7. Environmental improvements 
 

7.1 introduction 
To preserve the environment in the Polar Regions measurements needs to be taken to prevent pollution. This is 

no new legislation because everything has already been recorded following the MARPOL, but the polar code 

will give additional regulations. The focus will be on elements or additional systems that should be installed on 

the existing vessels build before 31 December 2016 to preserve the environment in the polar regions. The 

subjects are garbage management and storage space, grey water management, pollution by oil and pollution 

by noxious liquid substances in bulk. 

 

7.2 Garbage management and storage space  
According to MARPOL, there are already strict 
regulations about the disposal of garbage. For vessels 
sailing in the Polar Regions these regulations need to 
be even stricter and absolutely nothing can be 
discharged overboard, except food waste. Discharge 
of food waste into the sea is only permitted when the 
vessel is as far as practicable from areas of ice 
concentration shown in table 4. Exceeding 1/10 of ice 
concentration of the total surrounding area, but in any 
case not less than 12 nautical miles from the nearest 
land, nearest ice-shelf, or nearest fast ice. Food waste 
shall not be discharged onto the ice and discharge of animal carcasses is prohibited. (imo adopted 
environmental PC , 2015) 

 

The Marpol disposal form can be used but shall meet additional requirements for this region. (Adopted P.C. 

IMO, 2014) The other garbage except food waste must be stored aboard on a safe place to prevent failing over 

board.  

Most of the vessels do not have sufficient capacity to hold all sludge oil and sewage for a long voyage like the 
Northern Route. A solution for this problem is to divide one water ballast tanks into two smaller tanks. One for 

water ballast and the one for the storage of sewage or oil. This way the vessel will have sufficient storage 

capacity to sail the Northern Route. By dividing one tank into two tanks the effectiveness of the ballast system 

will reduce. This solution is not applicable on al vessels and therefore not a general solution. To increase the 

storage capacity of sewage and oil, a tank container can be installed in the hold or on deck. This results in less 

space for cargo and ballast water. The size and amount of storage tanks depends on the size of the machinery 

and crew and has to be determined for each vessel separately. These tanks shall be provided at ports at 

request. Vessels need to be retrofitted to make tank containers attachments on the vessel to connect 

containers to the designated system.  

 

  

Area’s Vessels inside 
polar regions 

Vessels outside 
polar regions 

Disposal 
of garbage 

Nothing can be 
thrown overboard 
excepted food 
wastes under 
special 
circumstances  

Regarding the 
regular Marpol 
disposal 
guideline 

Table 4 - Garbage handling in polar areas 
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7.3 Grey and black water management   
The black water, also known as sewage is a big problem. The 
IMO has adopted new regulations for the prevention of  
pollution by sewage from vessel.  These regulations prohibit  
the discharge of sewage, except for comminute and 
disinfected sewage under specific circumstances, including a 
specified distance from ice. The distance of more than three 
nautical miles from any ice-shelf or fast ice, allows the 
discharge of disinfected sewage. 12 nautical miles will be the 
distance for discharging not disinfected sewage. (arctic-
council, 2015). The MARPOL has different criterias that states 
discharging in Antarctic area below 60 south is prohibited, 
MARPOL 2016 regulation 1.16 and regeulation 1.11.2 of anex 
1 (MARPOL , 2015) The most existing vessels don’t have the 
capacity or/and the disinfecting system in the sewage system.  
By retrofitting a disinfecting system in sewage system and 
extra tank capacities referring to paragraph 7.2. the problem 
before grey and black water is solved.  
 
 

7.4 Pollution by oil  
Cleaning any oily substance in Polar Regions is 
almost impossible and has big impacts on the natural 
environment. Therefore preventing of pollution by 
oily substances is necessary. The IMO adopted that 
in Arctic waters any discharge into the sea of oil or 
oily mixtures from any vessel shall be prohibited.  
Until such date category A vessels shall comply with 
the discharge requirements of MARPOL Annex I 
regulation 15.3, oil content will not exceed 15 part 
per million. (imo adopted environmental PC , 2015) 
This does not apply for catagory B and C vessels. This 
shall not apply to the discharge of clean or 
segregated ballast. (Adopted P.C. IMO, 2014)  
There are special technical aspect on the positioning 
of tanks containing oily mixtures depending on the 
type and classification of the vessel. The Polar Code says For category A and B vessels constructed on or after 
the first of January 2017 with an aggregate oil fuel capacity of less than 600 m3, all oil fuel tanks must be 
separated from the outer shell by a distance of not not less than 0.76 m and so on. The legislation for existing 
vessels build before 1 january 2017 is not included into the polar code. All the legislation are based for vessels 
built after the fist of january 2017. The legislation of marpol annex I will be in force by existing vessel.  
 
The prevention of pollution by oil as written in MARPOL is not enough. Shipping disasters are happening daily 
with the chance of pollution. In the polar areas the risks are much higher because of the difficulties of cleaning 
up the oil spill. This cleaning of the oil spills is already researched and refered to “oil spills caused by offshore 
operations Arctic Areas”. (maritimesymposium-rotterdam, 2015) The discussion about fuel like heavy and 
diesel fuel oil are a big issues. Because even gas oil (MDO) has a big influence on the environment when spilled. 
There is already a better and cleaner fuel like LNG (Liquefied Natural Gas). A very clean fuel to use is LNG, with 
leakage the LNG will evaporate and will not harm the environment. The discussion point is still, whether LNG 
suitable for long voyages and is retrofitting possible for existing vessels (Weeke, 2015) This needs to be 
investigated and researched about possibilities for the use of long voyage shipping and Arctic conditions. 
 

Figure 26 – Oil interacting with sea ice 

Figure 25 - disinfecting system and storage for 
the sewage plant 
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7.5 Pollution by noxious liquid substances in bulk  
 
The discharge of noxious liquid substances or mixtures that contain substances in Arctic waters is prohibited. 

When noxious liquid substances are on board it, has to be stated in the Cargo Record Book.  

The shipboard marine pollution emergency plan for noxious liquid substances or the shipboard marine 

pollution emergency plan as required by MARPOL Annex II need to be onboard. For category A and B vessels, 

the carrier of NLS identified in chapter 17 or chapter 18 of the International Code for the Construction and 

Equipment of Ships Carrying Dangerous Chemicals in Bulk or cargo tanks of type 3 IMDG, shall be subject to the 

approval of the Administration if they may carry the good onboard passing polar areas. The results shall be 

reflected on the International Pollution Prevention Certificate for the Carriage of Noxious Liquid Substances in 

Bulk or Certificate of Fitness identifying the operation in polar waters. (Adopted P.C. IMO, 2014) 

 

7.6 Conclusion  
The environmental footprint of merchant vessels operating in the polar areas needs to be minimized to secure 

a clean polar environment in the future. The focus is kept on retrofitting existing vessels build before 31 

December 2016.  

Retrofitting garbage arrangements onboard, by creating extra storage will be sufficient to comply with the new 

legislation and to prevent pollution by garbage. Also management systems must me adjusted for ships 

operating in polar area according to regulations.  

A black and greywater system needs to be installed if the vessel doesn’t have sufficient storage capacity to 

store all sewage onboard. Rearranging tanks or adding extra tanks has an impact on the ships stability and 

therefore this has to researched and specified on each vessel individually.  

An additional disinfecting system could be installed if the vessel wants to pump black and greywater overboard 

as specified in chapter 7.3. No special arrangements exist, for the prevention of pollution in Polar Regions by 

oil, for vessels build before 1 January 2017. New arrangements for oil containing tanks are only in force for 

vessels build after 1 January 2017. The standard MARPOL legislation will be kept in force for the existing 

vessels. The use of new fuel like LNG will be a step in the further and will minimize the environmental footprint 

of vessels operation in Polar Regions. The use of LNG needs more research if it is suitable for operation in Polar 

Regions and on long voyages.  

The pollution by noxious liquid substances in bulk will not be possible except in shipping disasters. Sufficient 

extra arrangements need to be taken for some types of noxious bulk on polar passage by the administration.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



   Polar Code 2015 
 

 
 

33 

Chapter 8. End conclusion and recommendation  
 

The International Code for Ships Operating in Polar waters (Polar Code) is the new legislation in the polar 

waters. All vessels intending to operate in these waters are obliged to comply with these new legislations. 

These new legislations will ensure the preservation of the environment and help keeping the vessel, crew and 

cargo safe from the many dangerous situations that are present in the remote polar areas. 

In order to answer the main question, How can existing vessels that operate in polar waters comply with the 

Polar Code?, several sub questions have been answered. The following sub questions answer the main 

question. 

What is the polar code and what are the demands? 

The Polar Code is an additional legislation, meant for ships operating in polar waters, in addition to the existing 

MARPOL AND SOLAS legislations. The new legislations consist of the ships structure, equipment on board, 

discharge from vessels and additional training.                       

Which mandatory training and certificates are required for safety and environment aboard ships operating in 
polar waters according to the Polar Code? 
Depending on shipping companies choices, one of the seven polar certificate is issued. The choice for categorie 
and ice class determines the periode of year vessels are allowed to operate in the polar regions and the type of 
ice which is safe to encounter.  The Navigation Polar Water Course is a course for al seafares to ensure they 
have sufficient knowledge about sailing in Polar Regions. Depending on rank, for instance captains and chief 
officers can follow a advanced trainings course. 
 
How can safety be improved through communication in the polar waters? Which aspects must be added to 
existing vessels to guarantee a safe navigation in the polar waters? 
To ensure a sustainable form of communication, extra ground stations need to be placed so radio signals will 
cover the areas where vessels are operating. By creating a system that has multiple satilites which orbit around 
the earth, communication is available at al times, day and night. This system needs multiple satelites, therefore 
it will be very costly and not of any interest at this moment 
 
Which elements should be retrofitted aboard ships to comply with the Polar Code? 
To make existing vessels comply with the Polar Code, the accretion of ice must be counteracted. These 
measurments depend on ships capacity and companies demands. The electical heated dome in combination 
with a closed forecastle would ensure safer operations in polar waters. 
 
Which elements or additional systems should be installed on existing vessels to preserve the environment in the 
Polar Regions according to the Polar Code? 
Additional tank capacity needs to be added to ensure no fluids are pumped overboard to during the transit in 
Polar Regions. If sewage is needed to be pumped overboard, a disinfecting system needs to be installed 
according to the regulations. Oily mixtures needs te be kept onboard the entire transit, therefore sufficient 
storage capacity is required.  
 
As a conclusion retrofitting to Polar classes 1-5 is probably not realistic for existing vessels. To meet the 

requirements of these higher classes, enormous retrofits needs to be done. Therefore a better solution is to 

retrofit these vessels to the lower Polar Classes 6 – 7. Retrofitting to the last two classes would make vessels 

comply with the Polar Code and make them able to sail in the Polar Regions. Companies are free to choose to 

which polar class they want to retrofit their vessels. These choices are mostly based on the period of time and 

with which purpose companies want their vessels to operate in the Polar Regions. 
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Appendix 9. Interviews 
 

9.1 A. Weeke Interview 

The interview, held on the third of July, was between two group members of the Polar Code project and Mr. 
Alco Weeke. Mr. Weeke had the privilege to attend a meeting at the IMO in London about the introduction of 
the Polar Code. He has a bachelor degree in nautical education and marine engineering. Therefore he is an 
expert in the nautical world and an acquisition to the project.  
 
We opened the interview with an introduction of the Polar Code Project and continued with questions 
concerning the new Polar Code legislations. 
The Polar Code was for him only the problem towards STCW regulations. Also the exact definitions in the Polar 
Code have not been made totally clear yet. A problem is that the IMO doesn’t want to many vessels in the 
Arctic areas. Therefore they make these regulations mandatory. Meaning why vessels can`t sail in Polar areas. 
but can sail at the Baltic sea when it is also covered with ice? A big difference is that the Polar areas are 
covered with multiyear ice. The problems towards passenger vessels and other vessels who only sail in those 
areas during the summer and autumn period are how much do we need to train, what are the exemptions and 
how to keep competent because every Polar Regions has different ice conditions.  
Cruise ships companies would like to have some exemptions in the summer and autumn season.  
Icebreaker company’s want to keep in operating condition. The training programs for different companies are 
exchangeable, because they are STCW worthy but national trainings organizations want to keep their own 
trainings on specific Polar Regions referring to paragraph 4.6. 
 
Retrofitting  
An Polar certificate will be given to the vessel and crewmembers. Vessels need to become Polar Class worthy 
by strengthening the vessel. Safety and fire equipment need to be retrofitted to meet the Polar Code 
standards. To make the decks of the vessels as smooth as possible and functional is to cover the forecastle and 
the decks with special dome. A dome would help against ice accretion, but it does not help against the 
environmental footprint. This form of retrofitting is a lot cheaper instead heating the entire deck. Another 
solution is to use special sails to prevent water coming onto the deck. This is a lighter solution, but it needs to 
withstand the force from ice and water. For example the safety aspects is where to keep the lifeboats. Because 
when you have them on the side of the vessel they will hit the ice when launched. So the best position will be 
at the stern, because that is mostly ice free position when proceeding through the ice. On the other side, a 
freefall boat can be seriously damaged and life can be lost when it will be dropped onto the ice covered water. 
 
Communication 
The problem with the communication is that there isn`t a good coverage in high altitude. There is a rescue 
coordination center, but not a geostationary satellite such as the 4 geostationary satellites located above the 
equator. The reason such a satellite is not in place jet, is because of America and Russia that don`t want to 
participate. But you can come far with the MF/HF and telex communication. Commercial company’s still don’t 
want to invest in such a system because of the lack of profit at the moment.  
 
Fuel 
There is a big discussion about which kind of fuel must be used in Polar Regions. When a leakage of heavy or 
lower (HFO, MDO) fuel oil occurs, it is difficult nor impossible to remove. Even gasoil will cause severe 
pollution. One of the best solutions shall be to use LNG. In case of a leakage the LNG will evaporate and will not 
severely harm the environment such as HFO in these areas. The question is, is LNG a suitable fuel for long 
voyages? Because sailing with LNG is still a starting concept. The possibility of using nuclear propulsion is 
possible, as example big icebreakers are equipped with nuclear propulsion, especially breaking through the ice 
needs a lot of energy.  
The shorter distance need to have an economical and environmental advantage in comparison with the longer 
distance through the Suez Canal even after all retrofits 
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9.2 W. Jolles Interview 

The interview, held on the second of July 2015, was between two group members of the Polar Code project 
and Mr. Wim Jolles from Jolmar Consult. Mr. Jolles graduated in 1975 from the University of Delft and authored 
numerous papers, seminars and training courses. His operation expertise in ice covered areas has made him an 
expert on our study. 
 
We opened the interview with an introduction of the Polar Code Project and continued with our questions. 
During the interview, Mr. Jolles talked about the Canadian seafarers about their International Ice Navigators 
Course in Canada. The course has a special organized system called POLARIS (Polar Operational Limit 
Assessment Risk Indexing). The POLARIS system provides an approach for the evaluation of risks to the vessel 
and the ice conditions that are encountered/expected (ice regime) (Kämäräinen, 2015) 
(Ice regime is an area with any mix of ice types, such as grey white ice, first year ice). 
The purpose of POLARIS is to aid in the decision making for voyage planning and in support of shipboard 
operations. 
POLARIS uses different values: Risk Index Outcome (RIO) and the Risk Index Values (RIVs). Risk Index Outcome 
(RIO) are values to determine if the vessel is allowed to sail through the ice regime in the during its transit. The 
Risk Index Values (RIVs) are values assigned to the Ice Polar Classes 1 – 7, IA super, IA – IC and not ice 
strengthened vessels in different ice types. The RIO is calculated by means of a Formula:  RIO = (C1 x RIV1) + 
(C2+RIV2). C stands for the present ice type in the ice regime with is expressed in tenths. For the Risk Index 
Values (RIV), the values are showed in table 7.1. The table is defined in the different ice-classes and in different 
ice types. From the table, the RIV can be determined. 
 
Based on the formula, the result of RIO can be calculated. The result of RIO demands if the vessel is permitted 
to operate in the area with the present ice regime. Table 7.2 shows from the result of RIO if the vessel is 
permitted to operate in the Polar Regions. (Ice Classes Speed limitations, sd) 
 (Ice Classes Speed limitations, sd) 
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Appendix 10.1 
The Risk Index Values (RIV) are showed in figure 31. The table is defined in different ice-classes and in different 
ice conditions. 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Category Ice classes Ice 
free 

New 
ice 

Grey 
ice 

Grey 
white 
ice 

Thin 
first 
year 
ice 
(1st 
stage 

Thin 
first 
Year 
Ice 
(2nd 
stage  

Medium 
first 
year 
ice 

Medium 
first 
year ice 
2nd 
 

Thick 
first 
year 
ice  

Second 
year 
ice 

Light 
multiyear 
ice 

Heavy 
multiyear 
ice  

A PC1 3 3 3 3 2 2 2 2 2 2 1 1 A PC2 3 3 3 3 2 2 2 2 2 1 1 0 

A PC3 3 3 3 3 2 2 2 2 2 1 0 -1 

A PC4 3 3 3 3 2 2 2 2 1 0 -1 -2 

A PC5 3 3 3 3 2 2 2 1 0 -1 -2 -2 

B PC6 3 2 2 2 2 1 1 0 -1 -2 -3 -3 

B PC7 3 2 2 2 1 1 0 -1 -2 -3 -3 -3 

C IA SUPER 3 2 2 2 2 1 0 -1 -2 -3 -4 -4 

C IA 3 2 2 2 1 0 -1 -2 -3 -4 -4 -4 

C IB 3 2 2 1 0 -1 -2 -3 -3 -4 -5 -5 

C IC 3 2 1 0 -1 -2 -2 -3 -4 -4 -5 -6 

C Not Ice 
Strengthened 

3 1 0 -1 -2 -2 -3 -3 -4 -5 -6 -6 

RIO vessel Category A & B (PC1 – PC7) Category C (below PC7)  
RIO ≥ 0 Operation Permitted Operation Permitted  
-10 ≤ RIO < 0 Limited Speed Operation Permitted 

(see Figure 33) 
Operation Not Permitted  

RIO < -10 Operation Not Permitted Operation Not Permitted  

Ship Category (ice Classes) Independent Operation 
Speed (knots) 

Escorted Operation by 
Icebreaker Speed (knots) 

A (PC1 – PC2) NA NA 

A (PC3 – PC5) 5  5 

B (PC6 –PC7) 3 3 

C (IA Super – IA) NA 3 knots 

C (below IA) NA NA 

Table the result of the ROI  

 

Table 5 The Risk Index Values (RIV) 

 

Table 7  Speed limitations  
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Appendix 10.2 

Organization (WMO) system for sea ice symbology is more frequently referred to as the "Egg 

Code" due to the oval shape of the symbol. 

So  

 

Sd  

Ct - Total concentration of ice in area, reported in 

tenths. May be expressed as a single number or as a 

range, not to exceed two tenths (3-5, 5-7 etc.) 

Ca Cb Cc - Partial concentration (Ca, Cb, Cc) are 

reported in tenths, as a single digit. These are 

reported in order of decreasing thickness. Ca is the 

concentration of the thickest ice and Cc is the 

concentration of the thinnest ice. 

Sa Sb Sc - Stages of development (Sa, Sb, Sc) are 

listed using the code shown in Table 8 below, in 

decreasing order of thickness. (NOTE: If there is a 

dot (.), all stages of development codes to the left of 

the dot (.) are assumed to carry the dot (.)) These 

codes correspond directly with the partial 

concentrations above. Ca is the concentration of 

stage Sa, Cb is the concentration of stage Sb, and Cc 

is the concentration of Sc. 

So Sd - Development stage (age) of remaining ice 

types. So if reported is a trace of ice type thicker/older 

than Sa. Sd is a thinner ice type which is reported 

when there are four or more ice thickness types. 

Fa Fb Fc - Predominant form of ice (floe size) 

corresponding to Sa, Sb and Sc respectively. Table 9 

below shows the codes used to express this 

information. 
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Table 8. Egg Codes for Stages of Ice Development (Sx Codes) 

Stage of Development 
for Sea Ice 

Code 
Figure 

Stage of Development 
for Fresh Water Ice 

New Ice-Frazil, Grease, Slush, Shuga 
(0-10 cm)  

1  New Ice (0 - 5 cm)  

Nilas, Ice Rind (0 - 10 cm)  2     

Young (10 - 30 cm)  3     

Gray (10 - 15 cm)  4  Thin Ice (5 - 15 cm)  

Gray - White (15 - 30 cm)  5  Medium Ice (15 - 30 cm)  

First Year (30 - 200 cm)  6     

First Year Thin (30 - 70 cm)  7  Thick Ice (30 - 70 cm)  

First Year Thin - First Stage (30 - 70 
cm)  

8  
First Stage Thick Ice (30 - 50 
cm)  

First Year Thin - Second Stage (30 - 
70 cm)  

9  
Second Stage Thick Ice (50 - 
70 cm)  

Medium First Year (70 - 120 cm)  1.  Very Thick Ice (70 - 120 cm)  

Thick First Year (>120 cm)  4.     

Old - Survived at least one season's 
melt (>2 m)  

7.     

Second Year (>2 m)  8.     

Multi-Year (>2 m)  9.     

Ice of Land Origin  

 

   

 

Table 9. Egg Codes for Forms of Ice (Fx Codes) 

Forms of Sea Ice 
Code 

Figure 
Forms of Fresh Water Ice 

   ~F  
Belts and Strips symbol 
followed by ice 
concentration  

New Ice (0-10 cm)  X     

Pancake Ice (30 cm - 3 m)  0     

Brash Ice (< 2m)  1     

Ice Cake (3 - 20 m)  2     

Small Ice Floe (20 - 100 m)  3     

Medium Ice Floe (100 - 500 
m)  

4     

Big Ice Floe (500 m - 2 km)  5     

Vast Ice Floe (2 - 10 km)  6     

Giant Ice Floe (> 10 km)  7     

Fast Ice  8  Fast Ice  

Ice of Land Origin  9     

Undetermined or Unknown 
(Iceberg, Growlers, Bergy 
Bits)  

/     
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