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on icebreakers 
Vladivostok, 
Murmansk, and 
Novorossiysk,  
shown here in 
transport condition.

(44) marine technology January 2021 www.sname.org/sname/mt



eliable year-round marine transportation systems are cru-
cial in modern societies. Fast-changing markets have further 
reduced all intermediate storage in the logistic chains, a 
trend that is even more emphasized by globalization, increas-
ing logistic challenges in all industries and all parts of the 
logistics chain.

Seaborne trade is essential for many countries along the 
Baltic Sea. In Finland, for example, approximately 90% of 
exports and 80% of imports take place by sea. For this reason, 
it is important for most modern societies that marine trans-
portation systems not only are reliable; they also must be cost 
competitive and predictable.

To ensure that marine transportation systems are impacted 
as little as possible by the ice conditions around the coasts, 
Sweden and Finland operate large fleets of icebreakers that 
assist vessels trading in and out of their ports. In addition to 
vessels trading into Finnish ports, Finnish icebreakers also 
assist vessels passing through Finnish waters on their way 
to ports in Sweden. Similar arrangements are in place for 
Swedish icebreakers. There also is significant traffic across 
both the Gulf of Finland as well as the Bay of Bothnia, where 
close cooperation between the two countries and Estonia is 
necessary to secure smooth operation.

Seaborne traffic in the Baltic also is heavily impacted by 
the increased trading volumes of crude oil from the termi-
nals in Primorsk and Ust-Luga in the Eastern end of the Gulf 
of Finland. This crude oil trade is dominated by vessels that 
are much larger than others used in the Baltic. The higher 
number of larger/wider vessels has a clear impact on require-
ments put on the assisting icebreakers, which need to be able 
to provide a wider channel through the ice fields. At the same 
time, this trade also has attracted vessels with limited ability 
to operate in ice-covered waters, both due to the low air tem-
perature and the added resistance of the ice. Implications of 
this trend could already be seen in the winter of 2011, when 
at peak, more than 150 vessels were stuck in the ice on their 
way into the St. Petersburg area. The ice thickness was not 
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extreme in any way and the extent of the ice cover was aver-
age, but strong winds had created very tough conditions for 
ship operations.

Key drivers
The main task for icebreakers in the Baltic Sea is to secure 
an efficient and predictable marine transportation system 
in and out of harbors along the coasts. Additionally, newer 
icebreakers are designed so they can be used for other tasks 
during periods when they are not engaged in their ice-
breaking duty.

Icebreakers operating in the Baltic must be able to:
• create a wide channel
• assist vessels through difficult ice conditions, either at a dis-

tance or towing
• break ice close to a vessel that has become stuck in heavy ice
• assist vessels at relatively high speeds in lighter ice conditions
• meet different requirements set by alternative use of the 

icebreakers outside their main tasks and operating seasons.

Priorities between these requirements will, of course, 
vary between different areas in the Baltic Sea. High-speed 
operations are more important in the Gulf of Finland, while 

assistance and operation close to the assisted vessel is more 
important in the Bay of Bothnia. The difference is not only 
related to pure icebreaking capability; it also is closely related 
to more general operational requirements that determine the 
efficiency of the ship assistance tasks that the icebreakers are 
performing. The priorities in the Baltic are thus different from 
what they are, for example, when assisting vessels through 
the Northern Sea Route or the Northwest Passage.

Vessel size has increased over the years. In particular, 
tanker traffic to and from the Russian Primorsk terminal 
presents a challenge to the icebreakers’ ability to produce 
a sufficiently wide channel. This is currently accomplished 
by using two icebreakers, which again is resource intensive 
and expensive. The most challenging parts of the route to 
Primorsk are within Russian waters, where at times they have 
been forced to call in icebreakers from other areas to meet 
the increased need for assistance in the heavy conditions.

The most challenging ice condition in the Baltic Sea is 
not thick, level ice, but heavily ridged ice. This also means 
that winters with higher temperatures are not necessar-
ily easier than colder winters. Warmer weather is often 
accompanied by stronger winds, creating more ridges 
along the coast. Ice is especially packed along the Finnish 
coast of the Bay of Bothnia, with the area outside Kemi 

Propulsion unit SP 
60 PULL, used on the 
icebreaker Baltika 
built at Helsinki 
Shipyard.

The SP 110 PULL ready 
for installation.
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being the worst. At the same time, there is traffic across 
the Bay of Bothnia that needs to be supported, together 
with the regular but less frequent northbound and south-
bound traffic.

The off-season requirements can impact details such 
as aft deck layout and special equipment (A-frame and so 
forth); these need to be in balance with the main task of a 
Baltic icebreaker. The first-generation icebreakers where 
these off-season requirements were taken into account in 
the design were Fennica and Nordica. Over the years, they 
have been used in a variety of offshore tasks in the North 
Sea, in the waters off Brazil, and in Alaskan waters. Nordica 
and Fennica also have both been engaged in operations 
through the Northwest Passage and the Northern Sea Route. 
Originally, the bollard pull requirement was based on the 
needs of the planned operations in the North Sea. These oper-
ations also impacted the selection of azimuthing thrusters 
with nozzles as main propulsion.

Propulsion development
Over the years, a variety of different propulsion set-ups have 
been used on Baltic icebreakers. The need to operate in areas 
with ice ridges (where you cannot avoid significant inter-
action between propeller and ice), in particular, requires 
high-torque capabilities at low speeds. Direct electric drives 
have therefore dominated the icebreaker fleet, instead of 
direct-drive mechanical solutions. Ridges also are the main 
reason why nozzles have not become popular, as they have a 
tendency to become clogged in these conditions.

It was also noted early on that the hull flushing that the 
bow propeller stream caused was efficient in reducing resis-
tance in ice. This was especially efficient in ice ridges. The first 
icebreaker equipped with two bow propellers was IB Voima, 
delivered in 1954. (Icebreakers with one bow propeller had 
been used for much longer.) Later, IB Urho, delivered in 1975, 
and Sisu, delivered in 1976, used this same arrangement.

However, when the next generation of icebreakers was 
developed—Otso and Kontio, delivered in 1986/1987—fur-
ther new icebreaking technologies were introduced, such as 
air bubbling, stainless steel ice belt at waterline, and heeling 
system. At the same time, a decision was taken to return to a 
propulsion system without bow propellers.

With the Urho-class, Finnish icebreakers were able to 
support year-round operation into all Finnish ports. It was 
therefore natural that development shifted from pure ice-
breaking ability to efficient operation in a wider variety of 
ice conditions. It was well known that the dynamic ice in the 
Bay of Bothnia presented the most challenging conditions for 
icebreakers and especially for cargo vessels.

Development of the podded propulsor took place during 
the late 1980s and 1990s. This new product has fulfilled sev-
eral of the main requirements:
• increased maneuverability, which improves the ability to 

assist vessels that get stuck in heavy ice conditions and 
enables operating icebreakers to be closer to the assisted 
cargo vessels

• improved performance in ice ridges, especially when oper-
ating with pod in pulling mode

• possibility of meeting the most demanding ice conditions 
(heavily ridged areas) operating astern

• ability to produce a channel wider than the width of  
the icebreaker.

The podded drive also has made it possible to improve 
the aft hull shape as there is no longer a need for an elec-
tric motor and shaft line. The stern hull lines have been 
optimized for icebreaking astern and protection of direct 
contact between an unbroken ice field and the pod vertical 
strut. This needs to be considered both for pure astern oper-
ation as well as for astern turning. The podded drive (as well 
as the mechanical thruster) also increased certain perfor-
mance abilities of the icebreakers, increasing their value in 
the open water market. This was clearly shown by the suc-
cess of Fennica and Nordica (delivered in 1993/1994) when 
they entered the market. Their high power and bollard pull, 
and suitability for DP operations, made them attractive for 
certain offshore tasks. Based on these experiences, all later 
icebreakers also have addressed secondary uses beginning 
at the design stage.

A majority of the Azipod installations have been based 
on the use of two units located in the stern. Lately, we also 
have seen hybrid installations, where a twin-Azipod instal-
lation is combined with a shafted propeller at centerline. An 
example of this is the new United States Coast Guard Polar 

Tanker traffic to and from the Russian Primorsk 
terminal presents a challenge to the icebreakers’ 
ability to produce a sufficiently wide channel.
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Security Cutter, now under construction at the VT Halter 
Marine shipyard in Pascagoula, MS.

Hull form development
Over the years, Baltic icebreakers have been developed 
around the following main tasks:
• hull form development with the aim of reducing resistance
• propulsion and machinery development with the aim of 

producing high performing reliable solutions
• development of hull form and propulsion in combination to 

produce wide channels for increased vessel size
• safe operation of icebreakers close to assisted vessels
• special requirements set by the combination of heavy ice 

conditions and limited draft due to overall shallow waters.

Additional challenges have been introduced by the 
increased need to be able to use the icebreakers for other 
tasks, in open water, outside the Baltic winter season. This 
has affected both hull form (the bow needs to perform also in 
open water, rolling behavior in open sea is poor for normal ice-
breakers) and propulsion (nozzles for increased bollard pull).

Earlier generations of icebreakers focused more clearly on 
reduction of resistance in ice. However, as new requirements 
for operating the vessels outside the Baltic winter were intro-
duced, the more optimized bow forms had to be changed 
into more modest forms, improving their performance in 
open water conditions. The newer hull forms (and propul-
sion solutions) have, therefore, been dominated by solutions 
that enable the vessels to be operated stern ahead in the most 
severe ice conditions. The newest icebreaker, M/S Polaris, has 
a propulsion system with one bow thruster, which improves 

its ability to operate bow ahead in all conditions and reduces 
the need to operate stern ahead.

A recent special solution is based on the use of a detach-
able bow that can be used on a tug operating on Lake Saimaa. 
This bow unit is also equipped with its own propulsion sys-
tem, which provides additional thrust for operating in ice. 
This concept was designed by ILS Ship Design & Engineering 
for the Finnish Transport Infrastructure Agency as a part of 
the EU-CEF WINMOS II project.

Another solution to the channel width issue was built in 
Finland, for use in Russia: the “oblique icebreaker” Baltika, 
delivered in 2014. She is equipped with an asymmetric hull 
and has three propulsion units of 2.5 MW each, one in each 
“corner” of the vessel. During ice tests in 2015, it was proven 
that the 76.4 m long and 20.5 m wide vessel could operate in 
40 cm thick ice at an angle of 85 degrees. In 90 cm thick ice, 
the vessel could still be operated at an angle of 15 degrees. 
The original performance requirement was set at 3 knots in 1 
m thick ice when operating in “normal” mode without angle. 
Ice tests later showed that the vessel icebreaking capability 
is well above the requirements.

Current state of the art
The latest introduction to the Baltic icebreaker fleet, M/S 
Polaris, presents the latest technology in more than one 
respect. The propulsion system includes one podded propul-
sor in the bow and two in the stern. All units are of the same 
pulling design. However, due to the higher ice loads on the 
bow unit, it is rated lower than the stern units (6 MW in the 
bow vs. 6.5 MW in the stern).

The bow unit uses the experiences from the twin bow fixed 
shaft line set-up as well as the excellent astern operation of 
icebreaking vessels in many areas outside the Baltic. Pulling 
propulsion units have proven to perform well, especially in ice 
conditions with large ridges and thick rubble. The pulling pro-
peller eats its way through the ridge and in some cases causes 
the ridge to collapse. The bow pod also significantly improves 
overall maneuverability, especially the ability to break out of 
a channel. This is important when assisting vessels that have 
become stuck in heavy ice conditions.

Model- and full-scale tests have shown that Polaris has 
brought impressive development into two critical perfor-
mance factors: ridge penetrations and turning ability in ice. 
Penetration speed through thick ridges has doubled (com-
pared to a similar sized icebreaker with fixed shaft lines), 
primarily due to the possibility of operating with a pulling 

Polaris is based on dual-fuel: marine gas oil plus 
liquefied natural gas (LNG) machinery.

Polaris features bow and stern propulsion units. The bow thruster improves the vessel’s 
ability to operate bow ahead in all conditions and reduces the need to operate stern ahead.
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propeller through the ridge. The ship’s turning ability in ice 
has developed even more. Polaris has a turning circle radius 
of 0.5 ship lengths in 1.2 m thick ice; Urho, by way of contrast, 
had a turning circle of 3.9 ship lengths in 0.9 m thick ice. These 
are significant improvements even if we consider that Polaris 
has a total of 19 MW propulsion power and Urho has 16.2 MW.

The first operating seasons have shown that the average 
assistance speed with Polaris is higher than with icebreakers of 
previous generations. The need to turn the vessel around due to 
severe ice conditions has been reduced with the bow unit, while 
keeping the hull form in the bow also suitable for open water use.

Other developments and trends
As a part of the trend toward lower SO

X
 and NO

X
 emissions, 

new fuels also have been introduced to the most resent ice-
breakers. Polaris is based on dual-fuel: marine gas oil plus 
liquefied natural gas (LNG) machinery. LNG as a fuel pres-
ents very specific challenges for vessels operating in heavy ice 
conditions. The highly varying load is challenging for propul-
sion machinery, even if the electric power station and drive 
system otherwise are ideal for these conditions. LNG as a fuel 
in the internal combustion engine requires special arrange-
ments in the set-up of the electric system to stabilize the load 
on the LNG-powered engines.

As traffic volume in the Baltic Sea increases, there also 
is a clear trend toward larger and wider vessels operating 
year-round. The tankers operating in the Bay of Finland have 
already presented challenges during more severe winters. In 
the near future, new wider vessels will start operating fre-
quently into the ports of Northern Finland. This will lead 
to situations with more than one large vessel in the Bay 
of Bothnia. This will put an even higher requirement on 
the operation of icebreakers that assist this traffic. Ro-Ro 

operations to Oulu/Kemi, as well as the large Malmporten 
development in Sweden, aim at introducing vessels with a 
beam of up to 35 m. This, in combination with the limited 
water depths, will introduce new challenges for the upcom-
ing new icebreaker project to which the governments of 
Finland and Sweden have agreed.

Even if the winters lately have been milder, this has not 
meant that the actual ice conditions have been easier, espe-
cially in the Bay of Bothnia. The thinner ice, accompanied 
by stronger winds, has created more severe operating con-
ditions due to the creation of rubble and ice ridges.

The general trend toward lower power levels (to reduce 
greenhouse gas emissions) also impacts winter operations in 
the Baltic. The reduced power levels in the assisted vessels 
will make them less capable of operation in ice channels. 
As the slowest vessel sets the pace of any convoy, these 
low-powered vessels will have a significant impact on all 
traffic in this area. Also, it is important, partly for safety rea-
sons, to keep the vessels moving.

Both the wider vessels and the reduced power of the 
assisted vessels in general will, therefore, set new require-
ments for the assisting icebreakers. Channels will need to be 
wider and more ice management must be performed to make 
the operating conditions for the vessels easier.

Baltic icebreakers have during the past 40 years devel-
oped significantly in performance and operational efficiency. 
They have reduced total cost of ownership for the govern-
ment while meeting the demands of ever-increasing trade 
volumes. Future challenges will be created by the intro-
duction of significantly larger vessels and the trend toward 
lower-powered cargo vessels in the Baltic Sea. MT
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and three propulsion 
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