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The use of containers started during 
the Second World War, and the first 
vessel specifically designed for 
container transportation was launched 
in 1960, the Supanya, of 610 teu. Since 
then the amount of cargo shipped in 
containers has only increased, 
especially over the last thirty years. 
This has resulted in a rapid increase in 
both the number and the size of 
container vessels: 
With the introduction of the 
“post-Panamax” size container vessels 
in 1988, the size of container vessels 
increased past the “old-Panamax” 
maximum breadth of 32.2 metres. The 
largest container carriers have only 
continued to grow in size, today 
reaching a capacity approaching 
24,000 teu within a length of 400 
metres and a maximum breadth of 
approx. 60 metres. 

Along with the increase in size, and 
later speed-reductions ,came a drastic 
cut of the energy consumed per 
container transported – from 300 
tonnes HFO a day for the 2,272 teu 

containers carried on board the 
triple-screw vessel Selandia at more 
than 28 knots in 1972, to less than half 
the amount for a modern 20,000 teu 
container carrier at 18 knots. 

Despite these historical savings, the 
container shipping industry still faces 
challenges in the oncoming years, both 
with regard to freight rates constantly 
under pressure and stricter regulations 
with respect to energy efficiency. At the 
74th MEPC (Marine Environment 
Protection Committee) of the 
International Maritime Organisation 
(IMO) it was agreed to advance EEDI 
Phase 3 from January 2025 to 2022 for 
container vessels. Furthermore, a 
graduated reduction rate for EEDI 
Phase 3, depending on deadweight 
tonnage was agreed on, maintaining 
30% as the reduction requirement for 
the smallest container vessels, 
increasing to 50% for the largest 
vessels above 200,000 dwt. 

Since the financial crises in 2008, the 
design speed of old-Panamax and 

larger vessels has dropped significantly 
from approx. 25-27 to 20-22 knots. As 
the freight rates are continuously under 
pressure, and fuel prices are on the rise 
again, the design speed is not 
expected to increase within the near 
future – if ever again. Actually, many 
vessels delivered within the latest years 
are operating at speeds 3-4 knots 
lower than their intended design speed. 

Despite the lower design speed, a 
powerful main engine with a large 
engine margin is still desired by many 
owners in order to be able to catch up 
with delays and meet the scheduled 
time of arrival. Reaching the terminal at 
the expected time is important for liner 
traffic in order to be sure to get the 
allocated spot along the quay and to 
ensure that the resources for cargo 
handling are available at the terminal. 

The lower service speed, and slow 
steaming even below this, along with 
the large engine margin challenges the 
ship designer to perform a limbo: A 
powerful engine along with a propeller 

Container vessels carry vast amounts of 
consumables and components around the globe in 
liner traffic operated by some of the most 
renowned ship-owners. Container vessels are a 
well-known representative for the maritime 
industry, and the interest in these is vast just as the 
competition within the segment is fierce. 
With freight rates under pressure and environmen-
tal concerns on the rise, energy efficiency is more 
important than ever for container vessels. For a 
broad range of vessel sizes, this paper outlines the 
possibilities for increases in energy efficiency 
enabled by the latest developments within 
propulsive equipment. 

Introduction 
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that can absorb the high power is 
required. At the same time, the 
efficiency of the propulsion plant must 
during normal operations at low speeds 
be as good as possible. 

In this paper, traditional single-screw 
propulsion plants are considered along 
with twin-screw pro-pulsion plants. A 
potential of CP-propellers in 
combination with larger-than-usual 
shaft generators are discussed as well. 
Some of these solutions might be 
better suited for the limbo demanded of 
a modern container carrier design than 
others. 

In addition, the paper sets the course 
towards EEDI Phase 3 compliance and 
beyond for a variety of vessels ranging 
in size from 500 teu to 24,000 teu. 

As modern container carriers carry 
many refrigerated containers around 
the globe, the vast electricity 
consumption of these giants is 
important to consider as well. Since the 
speed is reduced, the electricity 
consumption will constitute an 
ever-increasing amount of the total 
energy spent on a voyage. Various 
methods to lower the specific energy 
consumption for the production of elec-
tric energy on board the vessel will be 
evaluated as well. 
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Definition of a container vessel 

The capacity of a container vessel will 
normally be stated by means of the 
maximum number of teu-sized 
containers that can be stacked on the 
vessel. The abbreviation “teu” stands 
for “twenty-foot equivalent unit”, which 
is the standard container size 
designated by the International 
Standards Organisation (ISO). The 
length of 20 feet corresponds to about 
6 metres, and the width and height of 
the container is about 2.44 metres. The 
vessel dimensions, especially the 
breadth, therefore depend on the 
number of containers placed abreast 
on deck and in the holds. Thus, one 
extra container box abreast in a given 
design involves an increased vessel 
breadth of about 2.5 metres.

In former days, an average-loaded teu 
container weighed about 10-12 tons, so 
the container vessels were often 
dimensioned for 12-14 dwt per teu. 
Historically, some owners also stated 
the teu-capacity of their vessel 
according to this weight-carrying 
capacity definition. 

However, the maximum number of teu 
containers that can be stacked on the 
vessel is an important marketing 
parameter. Therefore, the cargo 
capacity used today by most yards and 
ship owners is equal to the maximum 
number of teu containers that can be 
stacked on the container vessel, 
independent of the weight of the 
containers. Therefore, this definition of 
the size of the container vessels has 
been applied in this paper.

Development in vessel size 

The reason for the success of the 
container vessel is that containerised 
shipping is a rational way of 
transporting most manufactured and 
semi-manufactured goods.

This rational way of handling the 
goods is one of the fundamental 
reasons for the globalisation of 
production. Containerisation has 
therefore led to an increased demand 
for transportation and, thus, for further 
containerisation.

The commercial use of containers (as 
we know them today) started in the 
second half of the 1950s with the 
delivery of the first vessels prepared 
for containerised goods. Figs. 1 and 2 
show container vessels delivered from 
1960-2018, in terms of the number of 
vessels and teu capacity, respectively.

The development of the container mar-
ket was slow until 1968, when 
deliveries reached 18 such vessels. 
Ten of these 18 vessels had a capacity 
of 1,000-1,500 teu. In 1969, 25 vessels 
were delivered, and the size of the 
largest vessels increased to 
1,500-2,000 teu.

In 1972, the first container vessels with 
a capacity of more than 3,000 teu were 
delivered from the German 
Howaldtwerke Shipyard. These were 
the largest container vessels until the 
delivery of the 4,100 teu Neptune 
Garnet in 1980. At that time deliveries 
had reached a level of 60-70 vessels 
per year and, with some minor 
fluctuations, it stayed at this level until 
1994, which saw the delivery of 143 
vessels.

With the American New York, delivered 
in 1984, the container vessel size 
passed 4,600 teu. For the next 12 
years, the typical max. container vessel 
size was 4,500-5,000 teu. Mainly 
because of the limitation on breadth 
and length imposed by the Panama 
Canal. However, in 1996, the Regina 
Mærsk exceeded this limit with an 
official capacity of 6,400 teu, and 
started a new development in the 
container market.

Since 1996, the maximum size of 
container vessels has rapidly increased 
from 6,600 teu in 1997 to 7,200 teu in 
1998, and up to 15,500 teu in vessels 
delivered in 2006-2007, increasing to 
18,000 teu in 2013, 20,000 teu in 2016 
and almost 24,000 teu in 2019. 

In anticipation of the completion of the 
new Panama Canal, planned for 2014 
and actually opened in 2016, the 
“new-Panamax” type of container 
vessels has been a popular category 
since the early 2010s. The dimensions 
of the new Panama locks are shown in 
Table 1, along with the maximum 
permissible vessel dimensions. 
Compared to the old Panama locks, 
larger margins between the vessel and 
lock walls are required as the vessels 
are moved into the new locks by tugs, 
instead of being pulled by locomotives 
running along the locks. 

The maximum permissible breadth of a 
vessel passing the new Panama locks 
has been extended from the original 
limit of 49 m to 51.25 m in 2018, 
permitting an additional row of 
containers. For in-depth knowledge on 
propulsion of these vessels, see the 
separate paper “Propulsion of 14,000 
teu “New Panamax” container vessels”. 

Container vessel characteristics 

Table 1: Dimensions of the Panama locks

 Length [m] Breadth [m] Draught [m] Height [m] teu
Lane 3 lock dimensions 427 55 18.3 - -
New-Panamax vessel dimensions 366 51.25 15.2 57.9 13-15,000
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Until 2010, the limits on the maximum 
area of the cross-section of vessels to 
transit the Suez Canal posed a limit to 
the size of the largest container 
carriers. After the deepening and 
widening of the canal, these limits no 
longer pose a challenge to container 
carriers, as for a 60 m breadth a 
draught of 16.75 m is permitted. If 
vessels continue to grow in size, these 
dimensions may again impose a limit.

Furthermore, the breadth of container 
carriers is limited by the range of the 
container cranes in the terminals. The 
first vessels breaching the 59 m 
breadth mark by an additional row have 
been delivered in year 2019, exceeding 
a breadth of 61 metres. 

The ultimate upper size limits on the 
ultra-large container carriers are 
imposed by the Strait of Malacca 
between Malaysia and Indonesia. This 
is the passage between the Indian 
Ocean and the South China sea, 

through which many container vessels 
will have to pass, and allows a draught 
of no more than 20 metres. 

As of today, container carriers are not 
expected to grow much beyond the 
24,000 teu already being delivered, 
both due to the size limitations for 
navigating specific canals and straits, 
but also due to the capacity of the 
ports. If any increases in size are to be 
seen, only smaller increases, like 
adding an extra row, bay or tier, are 
expected in order to allow for the 
terminals to adjust with taller and 
longer ranging cranes, deepening of 
the ports, canals, etc. 

Concerns are furthermore raised that 
on routes with smaller cargo amounts 
than the main routes, e.g. 
Shanghai-Rotterdam, the reduction in 
cost per container transported on a 
24,000 teu vessel compared to a 
14,500 teu new-Panamax vessel can be 
insignificant. Keeping up the utilisation 

rate will simply be more challenging. 
Furthermore, the operational 
challenges with regard to draught 
restrictions and stacking order on the 
larger vessels can, along with an 
increased need for feeder services, eat 
up the potential savings of operating 
ULCVs on the somewhat smaller 
routes. 

The increase in the maximum size of 
container vessels does not mean that 
the demand for small feeder and 
coastal container vessels has 
decreased. On the contrary, vessels 
with capacities of less than 2,800 teu, 
i.e. small and feeder container vessels, 
account for approx. 53% of the number 
of vessels in the world fleet, and 17% 
by capacity. 

For in-depth knowledge on propulsion 
of these vessels, see the separate 
paper “Propulsion of 2,200–3,000 teu 
container vessels”.
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Fig. 1: Number of container vessels delivered yearly in the period 1960-2018.
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Container vessel classes 

Depending on the teu capacity and hull 
dimensions, container vessels are 
throughout this paper divided into main 
groups or classes. However, adjacent 
groups will overlap, and in some ranges 
of teu there are no container vessels 
built, see Table 2. 

Small feeder 
Small (feeder) container vessels are 
normally applied for shortsea 
container transportation. In general, 
the breadth of the small feeders is less 
than about 22 m.

Feeder 
Feeder container vessels larger than 
1,000 teu are normally applied for 
feeding the very large container 
vessels, but are also servicing markets 
and areas where the demand for large 
container vessels is low, e.g. South 
America – East coast of Africa. In 
general, the breadth of the feeders is, 
23-30.2 m, sometimes extending to 
old-Panamax breadth of 32.2.

Old-Panamax 
Until 1988, the hull dimensions of the 
largest container vessels, the so-called 
Panamax-size vessels, were limited by 
the length and breadth of the lock 
chambers of the Panama Canal, see 
Table 1. The corresponding maximum 

capacity of an Old-Panamax vessel lies 
between 4,500 and 5,100 teu. The max. 
dimensions given in Table 2 are also 
valid for passenger vessels, but for 
other vessels the maximum length is 
limited to 289.6 m (950 ft). 

However, it should be noted that, for 
example for bulk carriers and tankers, 
the term Panamax-size is defined as 
32.2 m (106 ft) breadth, an overall 
length of 225.0 m for bulk carriers and 
228.6 m (750 ft) for tankers, and no 
more than 12.0 m (39.5 ft) draught. The 
reason for the smaller length used for 
these vessel types is that a large part of 
the world’s ports and corresponding 
facilities are based on these two 
lengths, respectively.

Fig 2: Teu capacity delivered yearly in the period 1960-2018.
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Table 2: Typical main classes of container carriers with approximate measurements

Class teu Typical LOA [m] Typical max. breadth [m] Typical scantling draught [m]
Small < 1,000 > 150 > 22 8
Feeder 1,000–2,800 150–210 22-32.2 8–12
Old-Panamax 2,800–5,100 294.1 (965 ft) 32.2 (106 ft) 12.04 (39.5 ft)
Post-Panamax 5,500–10,000 280–340 40–48 14–15
New-Panamax 12,000–14,500 366 51 15.2
ULCV   > 14,500 400 61.5 16
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Post-Panamax 
In 1988, the first container vessel was 
built with a breadth of more than 32.3 
metres. This was the first 
post-Panamax container vessel. The 
post-Panamax size definition are still 
often used even after the completion of 
the new Panama locks. The typical 
main dimensions of post-Panamax 
vessels have varied greatly, but for 
vessels delivered after 2015, the 
standard dimensions seem to be 
around LOA = 300 m, B = 48.2 m, and T 
= 14.5 m. 

New-Panamax 
In order to accommodate a larger 
proportion of the fleet, the Panama 
Canal Authority decided to extend the 
existing two lanes with a bigger third 
lane with a set of larger lock chambers, 
see Table 1. 

After the 2018 increase of the maximum 
breadth to 51.25 m, the capacity of 
new-Panamax vessels has increased 
from approx. 14,000 to approx. 15,000 
teu, making new-Panamax vessels 
even more interesting as they offer 
sufficient economy of scale on other 
routes as well. 

In this paper, 14,500 teu is maintained 
as the size limit of new-Panamax 
vessels.

Ultra Large Container Vessel (ULCV)
The first ULCVs were delivered in 
2006-2008, with a capacity of approx. 
15,500 teu, and these were later 
modified to carry 16.800 teu. After 
some time, and even during the 
financial crises of 2008 other players in 
the industry picked up the idea of the 
ULCVs and the next ULCVs were 
delivered in 2011. 

In 2019, the 23,000 teu limit was 
breached. Compared to the main 
dimensions of the earliest ULCVs, these 
vessels have not increased 
dramatically. The increase in capacity 
is primarily attained from increasing the 
fullness of the vessel and by separating 
the deck house from the machinery 
casing in a twin-island design. This 
separation allows the bridge to be 
moved forward, allowing containers to 

be stacked higher on the hatches. The 
increased fullness reflects the reduction 
in service speed experienced since the 
financial crisis.

Container vessel market

The development of the deliveries to 
the world fleet as illustrated in Figs. 1 
and 2, is interesting. Peaks in numbers 
of vessels delivered can be identified 
around 1998 and again around 
2006-2008, whereafter the financial 
crisis struck the world. 

When the teu-capacity of the vessels 
delivered is considered, the peaks are 
smoothened somewhat. After 1998, 
deliveries of post-Panamax vessels 
took off. After the financial crisis in 
2008, the size of the vessels increased, 

also driven by the high fuel price at the 
time. At first many new-Panamax 
vessels were delivered, and since 2012 
a significant capacity has been 
delivered in the form of ULCVs. 

As of 2019, the world container fleet 
consists of some 5,290 vessels with a 
combined capacity of close to 22.3 
million teu – almost a doubling 
compared to 11.8 million teu in 2008. In 
the same period, the number of vessels 
has grown by approx. 20%.

Figs. 3 and 4 describe the distribution 
of the teu-capacity and the numbers of 
vessels within the classes of container 
vessels. In 2008, ULCVs represented 
1% of the total teu-capacity, whereas in 
2019, ULCVs represent 12.4% of the 
teu-capacity. 

Fig. 3: Distribution of the number of teu across the main classes

Fig. 4: Distribution of the number of vessels across the main classes
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Vessels on order

As of 2019, some 372 container vessels 
are on order. A number that is 
significantly lower compared to the 
average number of vessels on order 
during the last 10 years, and very low 
compared to the more than 1,400 
vessels on order in 2008. 

The 372 vessels on order correspond to 
about 7% of the existing fleet in 
numbers (5,290) and 10% of the 
existing fleet in teu-capacity (22.3 
million). Figs. 5 and 6 show the 
distribution across the classes of 
vessels.

Considering the number of vessels, 
feeder vessels outnumber any other 
size by far. The current feeder fleet is 
coming of age with a substantial 
number of vessels being more than 25 
years old, which is why orders are now 
placed for new vessels in this segment. 
By numbers, ULCVs constitute the 
second largest segment of the vessels 
on order, whereas by teu-capacity, the 
ULCVs by far represent the majority of 
the vessels on order. 

Interestingly, almost no post-Panamax 
vessel are on order as of 2019, whereas 
old-Panamax-vessels are ordered again 
after a historical low from 2012 to 2018. 

A substantial part of the old-Panamax 
vessels on order as of 2019 are not 
build to the maximum breadth limits of 
the old lock dimensions, and could also 
be considered as large feeder vessels. 

Some of the vessels on order in the 
2,800 to 5,100 teu old-Panamax 
category are even constructed with a 
specific trade in mind, far away from 
the Panama Canal, and therefore with a 
breadth wider than the locks. This 
corresponds with the tendency also for 
these vessels to grow in capacity. 

Fig. 6: Distribution of container vessels on order across the main classes, by teu-capacity

Fig. 5: Distribution of container vessels on order across the main classes, by number of vessels
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Year of delivery and age

Fig. 7 shows the number of container 
vessels delivered in five-year periods 
since 1960. A boom in the latter part of 
the nineties can be identified along with 
a boom in the years prior to the 
financial crisis in 2008. Fig. 8 shows the 
age of the current fleet. 

Naturally, the booms in deliveries are 
reflected in the age of the current fleet, 
with vessels with an age of 11-15 years 
representing the largest group. In Fig. 
9, the percentage of vessels still in 
operation is shown, indicating that 
around half of the vessels delivered in 
the latter part of the nineties are now 
scrapped. 

Even some of the vessels delivered 
between 2004-2008 have been 
scrapped, a faith especially 
experienced for old-Panamax vessels, 
as it is also reflected in Fig. 8. As these 
vessels were free from their initial 
charter contracts extending for 7 or 10 
years, charter rates for old-Panamax 
vessels had dropped significantly, 
resulting in some being scrapped. 

Conversions of old-Panamax vessels to 
increase their capacity are challenging. 
Due to stability requirements, the long 
and typically very slender hull does not 
allow for containers to be stacked 
higher than they already are. A 
lengthening will in many cases also be 
challenging with respect to the 
structural integrity of the hull. 

Fig. 8 also shows that many feeder 
vessels have been delivered between 
1994 and 1999 and as such these are 
now 20-25 years old, leading to the 
increase in orders for such vessels. 
Furthermore, it is seen that the lifetime 
of mostly small and feeder vessels 
extends beyond 25 years. The majority 
of old-Panamax vessels older than 25 
years are vessels operating under the 
Jones Act in the US. 
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Fig 12: dwt/teu and kW/teu for container vessels

Fig. 11: Average deadweight of container vessels

Fig 10: Average hull design factor of container vessels

The average vessel particulars have 
been estimated on the basis of 
container vessels built or contracted in 
the period 2010-2018, as reported in 
the IHS (Information Handling Services) 
Fairplay world register of ships.

Recent designs have been given more 
weight than designs delivered in the 
beginning of the period, especially with 
respect to design speed and installed 
power. Compared to previous editions 
of this paper, significant changes are 
seen for these two parameters.

Average hull design factor

Based on the above statistical material, 
the average design relationship of the 
vessel particulars can be expressed by 
means of the average hull design factor, 
Fdes, see Fig. 10.

=
× ×

 

Here Lpp is the length between 
perpendiculars, B the breadth of the 
vessel, Tscant is the scantling draught 
and teumax the maximum capacity of the 
vessel given according to the maximum 
number of containers that can be 
stacked onto the vessel, irrespective of 
their weight. 

Hull dimensions

The average deadweight as a function 
of the number of teu capacity is 
illustrated in Fig. 11. The deadweight 
naturally increases by the number of 
teu, though the deadweight per teu 
decreases with an increasing vessel 
size. The deadweight per teu is plotted 
in Fig. 12 along with kW per teu. 

The average block coefficient (CB,Lpp ) as 
a function of the number of teu 
capacity is plotted in Fig. 13. The block 
coefficient of container vessels 
delivered in recent years has increased 

Average particulars as a function of size
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significantly compared to the slender 
design of earlier times. This is a 
tendency driven by the reduction of 
design speed. 

In fact, the block coefficient remains 
more or less constant with increasing 
teu, showing peaks for small vessels, 
post-Panamax, and the largest of the 
container vessels. 

If the block coefficient was stated 
based on LOA, it would be 
approximately 0.02-0.03 smaller, 
except for the largest ULCVs where Lpp 
and LOA approach similar values: 
The average length between 
perpendiculars is shown in Fig. 14. For 
the ULCVs, Lpp continues to rise, even if 
LOA is not increasing above 400 m. This, 
combined with the increase in CB,Lpp, 
shows that the increase in capacity 
onboard the largest ULCVs to a large 
extent has been attained by increasing 
the fullness of the hull, and by adding 
one extra row of containers on the 
breadth of the vessel as it is illustrated 
in Fig. 15. 

Additionally, containers have been 
stacked increasingly high on the 
hatches, made possible by the 
twin-island design. 
An additional measure taken to keep 
the LOA of the largest ULCVs below 400 
m is to design the hull with a straight 
bow, either eliminating a bulbous-bow 
or integrating it into the straight bow. 

When considering the reduction of kW/
teu attained for ULCVs of 18-22,000 
teu, the drop in design speed from 23 
knots for a new-Panamax vessel of 
15,000 teu to 21 knots for a 22,000 teu 
ULCV, illustrated in Fig. 17, must be 
borne in mind. 

The maximum limit of the breadth of 
vessels imposed by the old-Panama 
Canal locks can clearly be identified in 
Fig. 15. The average draught of 
container vessels is plotted in Fig. 16, 
where 16 metres draught seems to 
have been maintained as a practical 
limit, until the very largest of ULCVs 
was built.

Fig. 13: Average block coefficient of container vessels, Lpp-based, scantling draught 

Fig. 14: Average length between perpendiculars of container vessels
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Fig. 15: Average breadth of container vessels 

Fig. 16: Average scantling draught of container vessels
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Design speed and power 
requirements

The design speed of container vessels 
has dropped significantly from 2014 to 
2019, and as illustrated in Fig. 17 only 
new-Panamax vessels are today 
delivered with a design speed above 22 
knots. For the largest ULCVs a 
tendency to reduce the design speed 
below 22 knots can be identified, 
breaching the tendency of the past that 
the service speed would only increase 
with an increase in vessel size.

Naturally, the reduced design speed 
reduces the SMCR-power of the 
vessels as illustrated in Fig. 18. The 
increased fullness of ULCVs is reflected 
in the fact that despite similar main 
dimensions and a lower service speed, 
more power is required to propel a 
22,000 teu vessel compared to a 
20,000 teu vessel. Despite this, the kW 
per teu still reduces with increasing 
capacity as it is reflected in Fig. 12.

For further insights into the propulsion 
and power needs of container vessels, 
see the oncoming chapter on 
propulsion of container vessels. 
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Fig. 17: Average design speed of container vessels

Fig. 18: Average SMCR of container vessels
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Propulsion power of container vessels 

EEDI for container vessels

The EEDI guidelines are a mandatory 
instrument adopted by the IMO that 
ensures compliance with international 
requirements on CO2 emissions of new 
vessels. The EEDI represents the 
amount of CO2 in gram emitted when 
transporting one deadweight tonnage 
of cargo for one nautical mile:

≈ 2

 

The EEDI is calculated on the basis of 
cargo capacity, propulsion power, 
vessel speed, specific fuel 
consumption, and fuel type. However, 
certain correction factors are 
applicable, and reductions can be 
obtained by, e.g. installing waste heat 
recovery systems (WHRS).

A reference index for a specific vessel 
type is calculated based on data from 
vessels built in the period from 2000 to 
2010. According to the EEDI guidelines 
implemented on 1 January 2013 and 
later revised, latest in 2019, the required 
EEDI value for new vessels is reduced 
in three phases. For container vessels 
built after 2022, this leads to a final 
EEDI reduction of up to 50% (Phase 3) 
compared to the reference value, see 
Fig. 19 and Table 3.

Calculation

A vessel must attain an EEDI value 
lower than the required value based on 
the baseline established for the vessel 
type, corrected with the required 
reduction factor (X). A reduction of 10% 
is required for Phase 1, 20% for Phase 

2 and for Phase 3 a stepwise reduction 
is required for container vessels, in 
force from 2022.

  =  (1 −
100

)  
×    

The reference line value is calculated 
based on the baseline parameters a & c 
[1] while b is the maximum deadweight 
of the vessel given in tonnes. For all 
vessels 100% dwt is applied, also for 
container vessels.

On the other hand, the attained EEDI 
for container vessels is calculated 
based on 70% capacity utilisation, a 
reference speed in consistency with 
this loading of the vessel at 75% 
SMCR, and the hull in sea trial 
condition. The attained EEDI must not 
exceed the required EEDI.

For further information on the 
calculation of the EEDI, including 
details on the reduction hereof, carbon 
factors, and other environmental 
regulations, see Chapter 4 of the sepa-
rate paper “Basic principles of ship 
propulsion”. Chapter 5 hereof contains 
examples.

Table 3: EEDI Phase 3 reduction requirements for container vessels as agreed by the 74th MEPC of the IMO

Vessel size [dwt] 10-15,000 15-40,000 40-80,000 80-120,000 120-200,000 > 200,000
Phase 3 EEDI reduction [%] 15-30* 30 35 40 45 50

*Reduction factor to be linearly interpolated between the two values dependent upon vessel size

Fig. 19: EEDI phases for container vessels
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Effect of alternative fuels

The effect on EEDI of applying 
alternative fuels can be significant. 
When considering the effect of 
alternative fuels it is important not only 
to consider the carbon factor, CF, but 
also the heating value, LHV. Both are 
defined by the IMO [2]. 

The influence of CF and LHV are 
reflected in the following equation, 
which can be derived from the EEDI 
equation. The maximum power that it is 
possible to install with alternative fuels, 
PMCR,alt, can be calculated based on the 
power allowed under the EEDI 
regulations with traditional MDO, PMCR,oil:

, = ,
, ×
, ×

3/2

� �

Which, for an example with LNG and 
PMCR,oil=40,000 kW, returns a possible 
maximum installed power of: 

, = 40,000 ×
3.206 × 48
2.75 × 42.7

3/2

� �

= 60,000 

Reduction of propulsion power for 
container vessels 

There are a number of methods to 
lower the energy consumption and 
hereby the attained EEDI. By derating 
the engine, the specific fuel 
consumption (SFC) is lowered as the 
mean effective pressure is reduced 
relative to the maximum (firing) 
pressure, which remains constant.

Engine tuning methods, such as 
exhaust gas bypass (EGB) or 
high-pressure tuning (HPT), can alter 
the fuel curve and reduce the SFC at 
75% load, the EEDI reference value. 
Part-load tuning will typically provide 
the lowest SFC at the EEDI reference 
value, whereas low-load tuning also will 
result in a reduction at this point 
compared to high-load tuning.

EcoEGR is a special option available for 
engines with EGR. Through activation 

of the EGR system also when in Tier II 
mode, it is possible to optimise the 
combustion parameters for optimum 
efficiency. The EGR plant reduces the 
emission of NOx and ensures Tier II 
compliance. The fuel consumption can 
be lowered significantly in Tier II mode, 
as illustrated by the inclusion of 
EcoEGR as an option in each of the 
case-studies in Table 4-7.

The power installed is an additional 
parameter that can be reduced to 
achieve a lower EEDI value. This can be 
achieved by either lowering the vessel 
speed, improving the hull design to 
minimise resistance, by optimising the 
propeller efficiency, or by installing 
energy saving devices.

The propeller efficiency can be 
improved by the application of a Kappel 
propeller or other high-efficiency 
designs. Typically, energy saving 
devices (ESD), alter the flow at the 
propeller, or fore or aft of it, in order to 
regain some of the losses on the 
propeller or to minimise the resistance, 
i.e. through the application of a rudder 
bulb.

Waste heat recovery (WHR) can be 
particularly relevant to container 
vessels, as these have service speeds 
higher than other vessels such as bulk 
carriers and tankers. The higher service 
speed requires a more powerful engine, 
which is why there is a larger potential 
to recover energy. At the same time, the 
electric consumption on board 
container vessels is huge compared to 
bulkers and tankers, ensuring that the 
energy recovered can be easily utilised. 

Propulsion of container vessels 
delivered after the oil crisis in the 70’es 
has almost single-handedly been 
undertaken by a single-screw 
propulsion plant, both for the smallest 
coastal vessels and for the largest 
ULCVs. 

In 2013, the first modern twin-screw 
ULCVs were delivered, and along with a 
separation of the deckhouse and 
engine casing in a twin-island design, 
this marked a major change in the 
design of container vessels. Twin-screw 

propulsion plants are discussed in 
detail in the later section “Twin screw 
vessels” and are included as an option 
for vessels of 14,000 teu and above in 
Tables 4 to 7 on typical propulsion 
plants for various vessel sizes.

The single-screw propulsion plant (with 
a propeller directly coupled to a 
two-stroke main engine) offers a 
simple, efficient, and compact 
propulsion plant for vessels below 
14,000 teu. Especially when 
considering the first cost of a vessel, 
single-screw vessels show the best 
performance. Therefore, twin-screw 
solutions are not considered for the 
vessels below 14,000 teu.

For specific cases considering the 
propulsion of feeder vessels and 
new-Panamax vessels, see the 
separate papers “Propulsion of 
2,200–3,000 teu container vessels” and 
“Propulsion of 14,000 new-Panamax 
container vessels” respectively.
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Table 4: Vessel particulars, propulsion SMCR, possible engines, and EEDI evaluation for small and feeder vessels

TEU 400 800 1,000 1,200 1,600 2,000 2,500
Tscant 6.9 8.1 8.2 9.4 9.7 10.5 11
Loa 108 134 139 144 162 173 182
Lpp 105 130 135 140 157 165 175
B 17.8 20.4 23 23 25.6 28 32.2
Sea margin 15 15 15 15 15 15 15
Engine margin 10 10 10 10 10 10 10

dwt (based on statistics) 5,700 10,800 13,500 16,000 21,000 26,500 33,000

Ordinary design speed 16 16 16.5 18 18.5 19 20
SMCR kW/rpm 3,500/125 4,200/105 5,100/105 7,700/111 9,400/106 11,200/99 15,000/102
Engine options 5S35ME-B9 5G40ME-C9 7S40ME-C9 8G45ME-C9 7S50ME-C9 8S50ME-C9 7S60ME-C10
 6S35ME-B9 6S40ME-C9 8S40ME-C9 6S50ME-C9 8S50ME-C9 9S50ME-C9 8S60ME-C10
  6G40ME-C9 5G45ME-C9 6G50ME-C9 5S60ME-C10 8G50ME-C9 6G60ME-C10
   5S46ME-C8   9G50ME-C9 7G60ME-C10
   6S46ME-C8   6S60ME-C10  

Reduction of baseline required, %-point - 17.4 30 30 30 30 30
EEDI - % of baseline
EEDI - MDO 73 57 57 71 68 66 70
EEDI - MDO EcoEGR 71 55 56 69 66 65 68
EEDI - MDO PTO 68 53 54 66 64 63 67
EEDI - MDO EcoEGR+PTO 66 52 52 64 62 61 65

EEDI - LPG % 64 50 50 62 60 58 62
EEDI - LNG % 56 44 44 54 52 51 54

Reduced design speed 15 15 15.5 17 17.5 18 18
SMCR kW/rpm 2,650/117 3,250/99 4,000/99 6,100/102 7,500/98 9,000/92 9,900/89
Engine options 5S35ME-B9 5G40ME-C9 6G40ME-C9 6G45ME-C9 7G45ME-C9 7S50ME-C9 8S50ME-C9
   7G40ME-C9 5S50ME-C9 8G45ME-C9 8S50ME-C9 8G50ME-C9
     6S50ME-C9 7G50ME-C9 6S60ME-C10
     6G50ME-C9 8G50ME-C9  
      5S60ME-C10  

Reduction required, %-point - 17.4 30 30 30 30 30
EEDI - % of baseline
EEDI - MDO % 58 46 47 59 57 56 52
EEDI - LPG % 51 41 41 51 50 49 45
EEDI - LNG % 45 35 35 45 44 43 38

Propulsion power as a function of vessel size 
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Table 5: Vessel particulars, propulsion SMCR, possible engines, and EEDI evaluation for old-, post-, and new-Pana-
max vessels

TEU 3,000 3,500 4,000 5,100 8,000 10,000 12,000
Tscant 11,5 12 12,5 13,5 14 15 15,5
Loa 192 217 232 295 300 325 338
Lpp 185 210 225 280 285 310 320
B 32.2 32.2 32.2 32.2 45.6 48.2 48.2
Sea margin 15 15 15 15 15 15 15
Engine margin 10 10 10 10 10 10 10

dwt (based on statistics) 39,000 45,000 51,000 63,500 95,000 118,000 133,000

Ordinary design speed 20 20 21 22 22 22 22
SMCR kW/rpm 15,900/95 16,500/91 20,900/91 27,000/83 34,000/80 39,900/80 41,800/78
Engine options 7S60ME-C10 7G60ME-C10 7S65ME-C8 7G70ME-C9 6S90ME-C10 8G90ME-C10 8G90ME-C10
 8S60ME-C10 8G60ME-C10 8S65ME-C8 8G70ME-C9 7S90ME-C10 9G90ME-C10 9G90ME-C
 7G60ME-C10 7S65ME-C8 7S70ME-C8 5G90ME-C10 6G95ME-C10 7G95ME-C10 7G95ME-C10
 8G60ME-C10 6S70ME-C10 8S70ME-C8 6G90ME-C10  8G96ME-C10 8G95ME-C10
 7S65ME-C8       

Reduction of baseline required, %-point 30 35 35 35 40 40 45
EEDI - % of baseline
EEDI - MDO 65 60 65 66 58 57 52
EEDI - MDO EcoEGR 63 59 64 65 57 55 51
EEDI - MDO PTO 61 57 62 64 56 54 50
EEDI - MDO EcoEGR+PTO 60 56 61 62 54 53 49

EEDI - LPG % 57 53 57 58 51 50 46
EEDI - LNG % 50 46 50 51 45 44 40

Reduced design speed 18 18 19 20 20 20 20
SMCR kW/rpm 10,500/84 11,200/81 14,300/82 19,000/74 25,000/78 29,000/79 31,000/77
Engine options 6S60ME-C10 6G60ME-C10 7G60ME-C10 7S70ME-C9 8S70ME-C10 6S90ME-C10 6G90ME-C10
 7S60ME-C10 7G60ME-C10 8G60ME-C10 8S70ME-C9 8G70ME-C9 6G90ME-C10 7G90ME-C10
 6G60ME-C10 6S65ME-C8 7S65ME-C 7G70ME-C9 6S80ME-C9 5G95ME-C10 5G95ME-C10
 5S65ME-C8 5S70ME-C10 6S70ME-C10 8G70ME-C9   6G95ME-C10

Reduction required, %-point 30 35 35 35 40 40 45
EEDI - % of baseline
EEDI - MDO % 48 45 50 51 46 45 41
EEDI - LPG % 42 39 43 45 40 39 36
EEDI - LNG % 35 32 37 39 35 34 32
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Table 6: Vessel particulars, propulsion SMCR, possible engines, and EEDI evaluation for new-Panamax and ULCVs 
with single-screw propulsion plant

TEU 14,000 15,000 18,000 20,000 22,000 24,000
Tscant 16 16 16 16 16 16.5
Loa 365 365 398 399 399 400
Lpp 355 355 375 383 394 398
B 48.2 50.8 59 59 61.5 61.5
Sea margin 15 15 15 15 15 15
Engine margin 10 10 10 10 10 10

dwt (based on statistics) 150000 155000 180000 190000 205000 225000

Ordinary design speed 23 23 22 22 22 22
SMCR kW/rpm 54,100/80 56,800/80 55,900/74 61,500/77 66,100/76 71,500/75
Engine options 10G90ME-C10 11G90ME-C10 10G95ME-C10 10G95ME-C10 10G95ME-C10 11G95ME-C10
 11G90ME-C10 12G90ME-C10 11G95ME-C10 11G95ME-C10 11G95ME-C10 12G95ME-C10
 9G95ME-C10 10G95ME-C10  12G95ME-C10 12G95ME-C10  
 10G95ME-C10 11G95ME-C10     

Reduction of baseline required, %-point 45 45 45 45 50 50
EEDI - % of baseline
EEDI - MDO 57 57 51 51 51 51
EEDI - MDO EcoEGR 56 56 50 50 50 50
EEDI - MDO PTO 55 55 49 49 49 49
EEDI - MDO EcoEGR+PTO 53 53 48 48 48 48

EEDI - LPG % 50 50 45 45 45 45
EEDI - LNG % 44 44 39 39 39 39

Reduced design speed 21 21 20 20 20 20
SMCR kW/rpm 38,900/72 41,000/74 39,500/74 43,000/76 46,400/75 50,500/74
Engine options 9G90ME-C10 9G90ME-C10 8G90ME-C10 8G90ME-C 9G90ME-C 11G90ME-C10
 10G90ME-C10 10G90ME-C10 9G90ME-C10 9G90ME-C10 10G90ME-C10 12G90ME-C10
 7G98ME-C10 8G95ME-C10 7G95ME-C10 10G90ME-C10 11G90ME-C10 9G95ME-C10
 8G95ME-C10 9G95ME-C10 8G95ME-C10 8G95ME-C10 8G95ME-C10 10G95ME-C10
    9G95ME-C10 9G95ME-C10  

Reduction required, %-point 45 45 45 45 50 50
EEDI - % of baseline
EEDI - MDO % 45 45 40 40 39 39
EEDI - LPG % 39 40 34 34 33 33
EEDI - LNG % 35 34 30 30 29 29
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Table 7: Vessel particulars, propulsion SMCR, possible engines, and EEDI evaluation for new-Panamax and ULCVs 
with twin-screw propulsion plant

TEU 15,000 18,000 20,000 22,000 24,000
Tscant 16 16 16 16 16.5
Loa 365 398 399 399 400
Lpp 355 375 383 394 398
B 50.8 59 59 61.5 61.5
Sea margin 15 15 15 15 15
Engine margin 10 10 10 10 10

dwt (based on statistics) 155,000 180,000 190,000 205,000 225,000

Ordinary design speed 23 22 22 22 22
SMCR kW/rpm 2x27,400/70 2x26,700/68 2x29,100/72 2x31,300x70 2x33,800x70
Engine options 2x7G80ME-C10 2x7G80ME-C10 2x8G80ME-C10 2x8G80ME-C10 2x9G80ME-C10
 2x8G80ME-C10 2x8G80ME-C10 2x7G90ME-C10 2x9G80ME-C10 2x6G95ME-C10
 2x6G95ME-C10  2x6G95ME-C10 2x6G95ME-C10 2x7G95ME-C10
    2x7G95ME-C10  

Reduction of baseline required, %-point 45 45 45 50 50
EEDI - % of baseline
EEDI - MDO % 54 48 48 48 48
EEDI - LPG % 47 42 42 42 42
EEDI - LNG % 42 37 37 37 37

Reduced design speed 21 20 20 20 20
SMCR kW/rpm 2x19,800/62 2x18,900/62 2x20,500/62 2x22,000/62 2x23,800x61
Engine options 2x8G70ME-C9 2x7G70ME-C9 2x8G70ME-C9 2x8G70ME-C9 2x6G80ME-C10
 2x6G80 2x8G70ME-C9 2x6G80ME-C10 2x6G80ME-C10 2x7G80ME-C10
  2x6G80ME-C10  2x7G80ME-C10 2x8G80ME-C10

Reduction required, %-point 45 45 45 50 50
EEDI - % of baseline
EEDI - MDO % 42 37 37 37 37
EEDI - LPG % 37 33 33 32 32
EEDI - LNG % 33 29 29 28 28
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Alternative propulsion systems for 
larger container vessels

In the following, alternative propulsion 
plants especially relevant for the largest 
new-Panamax and ULCVs will be 
discussed. Compared to smaller 
vessels, these consume vast amounts 
of energy and face the largest 
challenges performing the limbo 
between a large power margin and a 
low service speed. 

Twin-screw vessels
Despite a higher construction cost, 
some ULCVs have been delivered with 
twin-screw and twin-skeg propulsion 
plants. This configuration has multiple 
advantages: 

–  The load on the individual propeller is 
reduced, whereby the efficiency 
increases. This is at the small cost of 
increased frictional resistance from 
the increased wetted surface from 
twin skegs compared to a single skeg.

–  As the propellers are not located at 
the centre of the vessel, the speed of 
the water arriving at the propeller, VA, 
is in general slightly higher, as the 
flow to the propeller is less affected 
by the shadow of the hull. This is also 
reflected by a slightly reduced wake 
fraction coefficient, w, determined by 
the revolutions, n, and propeller 
diameter, d. 

=
 ×

=
(1 − )

 ×

As seen in the equation, this increases 
the advance number, JA, of the 
propeller, which in general also will shift 
the operating point of the propeller 
towards a more efficient operating 
condition. 

The positive effects towards propeller 
efficiency may be illustrated by 
considering the thrust loading 
coefficient, Cth. This expresses the 
thrust delivered to the propeller relative 
to the diameter and the speed of the 
arriving water. 

As illustrated in Fig. 20, the thrust 
loading coefficient has significant 

Fig. 20: Increase of propeller efficiency by applying a twin-screw FP-propeller propulsion plant for a 
20,000 teu container vessel designed for 18 and 22 knots, respectively 
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influence on the open water propeller 
efficiency. Sharing the load between 
two propellers of a diameter equal to 
the diameter applied for a single-screw 
vessel will reduce Cth significantly and 
hereby increase the propeller efficiency 
by approx. 8-9%. 

ℎ = 1
2 ×  ×  2 × 4 × 2

However, the hull efficiency, ηhull, of 
twin-screw vessels will decrease by 
approx. 2-3% as the wake coefficient, 
w, decreases more than the thrust 
deduction coefficient, t, recalling the 
definition of the hull efficiency: 

ℎ =
1 −
1 −

This effect reduces the combined 
efficiency of a twin-screw propulsion 
plant. 

Twin-screw vessels with two propellers 
of the same diameter as on a 

single-screw vessel will typically be 
able to accommodate an engine of the 
same bore as the single screw-vessel, 
just with the cylinder number divided 
between two engines. In cases of low 
speed twin-screw vessels, a reduction 
of bore size compared to a 
single-screw vessel may be necessary, 
typically resulting in a slight reduction 
of engine efficiency. 

Overall, twin-screw propulsion plants 
are estimated to be 4-6% more 
efficient for ULCVs compared to 
single-screw plants. Factoring in the 
added cost of a more complex hull 
shape and a twin engine/propeller/
shafting installation, it will depend on 
the details of the vessel design and 
operational requirements whether 
single- or twin-screw is the optimal 
choice for a particular vessel.

For more information on propeller 
efficiency in general, see Chapter 2 of 
the separate paper “Basic principles of 
ship propulsion”.
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CP-propeller as a potential concept 
for large container vessels w. PTO
CP-propellers have previously been 
applied mostly for smaller container 
feeder vessels. In a future scenario, if 
the speed of the largest vessels 
continues to drop while the demand for 
electrical power for reefers is steadily 
rising, it may become relevant to 
consider CP-propellers as a concept  
also for the largest vessels. Even if 
such systems and dimensions of 
CP-propellers have yet to be delivered.

Installing CP-propellers will ensure that 
the engine can be operated at any load 
point desired within its load diagram. 
This can be utilised to extend the 
operational area of a shaft generator/
PTO, compared to a FP-propeller plant. 
Producing electricity with the main 
engine to cover the demand from the 
reefer containers is more efficient than 
using the gensets.

The potential of CP-propellers, also for 
the largest container vessels, may be 
uncovered by considering an example 
of a 22,000 teu container vessel with a 
low design speed of 18 knots, see the 
characteristics of the vessel in Table 8.

For a design with an FP-propeller, the 
maximum layout power of the PTO is 
the difference between the light 
propeller curve and the PTO-layout 
limit, see Fig. 21. The PTO-layout limit 
curve is determined by the equation 
which returns the smallest value:

 = ×
2.4

 = 0.95 ×  

� �

For this vessel, with a light running 
margin of 5%, the maximum layout 
PTO-power will be approx. 4.75 MW at 
59 rpm, see Fig. 21. With a 
CP-propeller, with an appropriate 
control system, it will be possible to 
alter the operational point of the 
propeller to allow for an increase in 
PTO-power when needed. 

A CP-propeller combinator curve 
allowing up to 8 MW PTO between 

Table 8: Vessel characteristics used for evaluation of CP-propellers

Length, LOA 399 m
Length, Lpp 394 m
Breadth, B 61.5 m
Scantling draught, Tscant 16 m
Design draught, Tdesign 14 m
Speed at Tdesign, Vdesign 18 knots
Sea margin 15%
Engine margin 10%
Light running margin for FP-propeller 5%
Propeller diameter 10 m
Propeller blade number 4
SMCR-power 32,500 kW
SMCR-rpm 67 rpm
Engine 9G80ME-C10.5
Max. PTO power available w. FP-propeller 4.75 MW
Max. PTO power available w. CP-propeller 8 MW
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Fig. 21: Load diagram including a CP-propeller, allowing for a dynamic combinator curve that increases 
the operational area of nominal-PTO capacity 

40-70 rpm, has been included as an 
alternative to the FP-curve in Fig. 21. 
The available PTO power of this 
solution is illustrated in Fig. 22 as well.

Compared to the FP-propeller plant, 
the maximum power for PTO can be 
delivered even while slow-steaming 
significantly below the already low 
design speed, or in cases of added 
resistance arising from head wind and 
waves. This is possible as the pitch of 
the CP-propeller can be reduced to 

make the propeller run lighter, when a 
large production of electricity is 
required from the PTO. By running the 
propeller at a lighter pitch, the 
operational point of the engine, consist-
ing of the load of the propeller and PTO 
combined, is moved away from the 
engine load limits. 

See Chapter 3 of “Basic principles of 
ship propulsion” for further information 
on CP-propellers in combination with 
two-stroke engines in general. 
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At the reduced pitch along the 
combinatory-curve allowing for 
maximum PTO-power included in Fig. 
21, the propeller efficiency reduces. 
This have fostered the idea of a 
dynamic combinator curve, only 
running light when a large production of 
electricity is required. For instance on a 
warm day with a large power 
requirements from reefer units. For 
specific numbers of propeller 
efficiencies and control options for 
variable combinator curves propeller 
makers must be consulted.

The larger hub of the CP-propeller 
required for the mechanism to adjust 
the pitch of the propeller blades will, in 
general, decrease the propeller 
efficiency slightly. By fitting a rudder 
bulb and a fairing cone, the losses of 
the larger hub can to a large extent be 
eliminated. 

If delivering maximum PTO-power, i.e. 
taking 8 MW of the shaft, approximately 
23,000 kW will be available for 
propulsion of the vessel between 66 
and 70 rpm, plus a margin of 5% of the 
SMCR-power, see Fig. 21. This ensures 
an approximate speed of 16 knots, 
including 15% sea margin on the 
propulsion power. If the full main engine 
power is required for propulsion of the 
vessel, onboard gensets or other 

Fig. 22: Power available for PTO as a function of engine speed for an FP-propeller of 5% light running 
margin and increased power availability from a dynamic combinator curve for a CP-propeller
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means of electricity production must 
cover the electric load.  

If the PTO is capable of supplying 
power into the shaft as well, acting as a 
PTI, the PTO/PTI can also be applied to 
boost the speed of the vessel. This may 
require that the engine is equipped with 
an rpm-extended load diagram as 
described in Chapter 3 of “Basic 
principles of ship propulsion”. 
Alternatively, the pitch on the 
CP-propeller can be increased to 
maintain the rpm-below the limits of the 
engine during PTI operation. This 
increases the torque on the propeller 
hub, which must be reinforced to 
handle a larger torque, compared to a 
solution without PTI. 

Many other alternatives exist to the 
potential concept of CP-propellers for 
container vessels with a large electricity 
consumption: The light running margin 
of a FP-propeller or the power of the 
main engine can be increased, both in 
order to accommodate a larger PTO, or 
e.g. waste heat recovery can be applied 
to increase the electricity production on 
board. 

For guidance on the layout and 
applications of PTO’s in general, please 
contact MarineProjectEngineering2S@
man-es.com.
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The volumes of containerised cargo 
continue to grow and along with it, the 
size of the world fleet of container 
vessels. Container vessels have grown 
significantly in capacity during the past 
decade and ultra large container 
vessels constitute more than half of the 
teu capacity on order as of 2019. 

Besides ULCVs, new-Panamax vessels 
attract great interest along with larger 
feeder vessels. These three types of 
container vessels constitute more than 
90% of the teu capacity on order and 
more than 80% of the number of ships 
on order.

For all of these three ship types, 
significant energy savings have been 
attained within recent years, and the 
road for future reductions are laid out: 
By implementing EcoEGR along with 
energy saving devices e.g. a Kappel 
propeller, fuel savings can easily be 
attained for already existing vessel 
designs. Such energy savings will 
provide benefits for both the 
environment and the owner. 

By installing waste heat recovery, the 
overall efficiency of the propulsion plant 
may be increased even further. Waste 
heat recovery can be especially relevant 
to container vessels, as these operate 
at relatively high service speeds, 
requiring a large engine with potential 
for waste heat recovery. At the same 
time, these vessels carry many reefer 
containers demanding electric energy. 

Installation of a power take out/shaft 
generator on a container vessel is, due 
to the vast demand for electric energy 
of the reefer containers, especially 
meaningful as well.  

As a concept, it may be worth 
considering an installation of 
controllable pitch propellers on the 
largest container vessels. This may 
bring advantages for vessels 
slow-steaming at even lower speeds in 
the future. The extended area of 
PTO-operation introduced by a 
CP-propeller will ensure that the 

demand for electric energy onboard the 
vessel can be covered by a PTO - even 
while slow-steaming significantly below 
the vessel design-speed. 

An additional option for the largest 
container vessels is the application of a 
twin-screw propulsion plant. At 
increased construction costs, this 
solution offers the potential for 
operational savings as the propeller 
load may be shared between two 
propellers whereby the propeller 
efficiency increases. 

For in-depth cases on the propulsion of 
feeder vessels and new-Panamax 
vessels, see the separate papers 
“Propulsion of 2,200–3,000 teu 
container vessels” and “Propulsion of 
14,000 new-Panamax container 
vessels” as well. 

The MAN B&W S- and G-type engines 
offer a significant variety of possible 
bores and stroke lengths for container 
vessels. This ensures that an optimum 
fit always can be achieved for each 
individual project, and that the optimum 
rpm of a desired propeller always can 
be contained within the layout diagram 
of one of the many possible engine 
designs. 

The ultra-long-stroke G-type engines 
have found their way into the engine 
rooms of the largest ULCVs, ensuring 
significant savings for these vessels. 
For the many feeder vessels facing 
renewal within the next years, the 
G-engines will offer similar savings. 

Besides this, the MAN B&W engines 
offers a large variety of dual fuel 
options for various alternative fuels. 
These alternative fuels offer the 
potential to reduce emissions and sets 
the course towards an emission neutral 
future. 

Summary
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