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Abstract 

The paper reports the comparison between diesel-electric and mechanical propulsion plants, employed to a small cruise 
ship propulsion. The plants prime movers are the Rolls-Royce Bergen marine diesel engines. Both engine versions, 
characterized by similar rated power but different power lint curve and specific fuel contours trend in the power-speed 
plan, are tested in all the considered propulsion plant types by simulation. In addition, the diesel-electric propulsion 
plants are simulated considering the diesel generators working in both constant or variable speed. The comparison 
between all the considered ship propulsion plants are presented in tabular and graphical form and commented. 

Keywords: Simulation; Diesel engines comparison; Diesel-electric propulsion; Marine propulsion plants comparison 

1. Introduction

In the shipping the themes of fuel costs and polluting emissions reduction, required by the IMO [1-7], are held in high 
regard. To improve the marine engines efficiency and as consequence reduce the fuel consumption and carbon dioxide 
emissions, the use of electric propulsion is now the norm for cruise ships [8], and more and more often also in other 
ship types (ie: ferries and cruise ferries, yachts, naval ships) [9-18]. 

In some vessel types, as ferries and even more cruise ships, due the travel schedule and distance between the departure 
and arrival ports, the browsing speed can vary significantly. In these ships the propulsion plant engine(s) often runs in 
very different conditions respect their Normal Condition Rating (NCR), which is the condition for which the overall 
propulsion plant has its maximum efficiency, including propulsion engines. 

The engine efficiency depending to its operating diagram power limit-speed curve and specific fuel contours values and 
trend. In the conventional mechanical ship propulsion plants the engine power limit curve, versus the engine speed, 
influences the propeller working conditions. In the engine operating diagram the propeller working curve must have a 
shape to make the engine work with specific fuel consumption (sfc) as low as possible, maintaining an adequate value 
of the engine margin. To achieve this, controllable pitch propellers (CPP) are often used in these propulsion plants type. 

In the diesel electric propulsion plants, the required electric power is satisfied to the electric generator engines, those 
can operate in constant speed or, more recently, in variable one. In this last case, the diesel generator engine required 
power is delivered at the speed corresponding to the lower value of the sfc in the engine operating diagram. Another 
advantage of the diesel electric propulsion is that the propeller speed is independent to the engine one, therefore, for 
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each ship speed, it is possible select the propeller speed which, in addition to providing the necessary thrust, allows it 
to operate with the better performance. 

In addition to the advantages in terms of efficiency and emissions, compared to traditional mechanical propulsion 
plants, the diesel electric propulsion does not provide a mechanical connection between the propulsion engine(s) and 
the propeller, in them therefore the engine room(s) can be conceived and allocated in order to optimize the exploitation 
of the ship space. 

In a previously authors paper [19] was compared the performance of a small cruise ship mechanical propulsion plant, 
to the variation of the main engine type (two Rolls-Royce Bergen diesel engines series are tested), characterized by 
similar power and speed but different power limit curve and sfc contours trend in the engine operating diagram [20]. 
Starting to the results obtained in [19], in this paper the current small cruise vessel propulsion plant, considered in [19], 
is substitute, by simulation, with a diesel electric propulsion one, adopting alternatively the same Bergen engines 
compared in [19]. Both engine types are tested in constant and variable diesel generator speed in the diesel-electric 
propulsion plants. 

The diesel engines propulsion plants calculated results, for different ship speeds and season (winter and summer), are 
compared between them and with those of the mechanical propulsion plant, already determined in [19]. The 
comparisons results are reported and commented in the paper.  

2. Case study 

The considered vessel is the small cruise ship Spirit of Oceanus of Cruise West shipowning company. The currently ship 
and propulsion plant main data are reported in Tab. 1. 

Fig. 1 shows the current vessel mechanical propulsion plant layout, composed by two independent shaft lines, each of 
them comprises a four stroke diesel engine (MAIN-DE in Fig. 1), a shaft electric generator (SEG), a reduction gear (G), a 
controllable pitch propeller (CPP).  

Table 1 Main ship data  

Overall length 80.7 m 

Breadth  15.3 m 

Draught 3.9 m 

Displacement 3000 t 

Maximum speed (design draught) 18.5 kn 

Original propulsion diesel engines 2x2289 kW 

Shaft electric generators 2x800 kWe 

Diesel generators 2x1050 kWe 

Summer hotel electric power 984.7 kW 

Winter hotel electric power 727.8 kW 

Passenger 120 

Crew 72 
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Figure 1 Current mechanical ship propulsion plant layout 

The two shaft electric generator (SEG) satisfied the vessel hotel electric load (HEL in figure) during the browsing, while 
the two diesel electric generators (DE-EG blocks in Fig. 1) are used during stops in harbor. 

The current vessel propulsion plant of Fig. 1 is modelled by the authors in [19], where each plant component (hull, CPP, 
gear, SEG, MAIN-DE) is simulated in a MATLAB-SIMULINK© modular code. Each module simulates the pertinent 
propulsion plant component performance by correlations and/or tabular data, as descried in [19]. In that article the 
simulator is employed to determine, for different ship speeds, the propeller thrust and power (Th and Po respectively 
in Fig. 1). In each shaft lines the power to propulsion before the SEG (Pp in figure) is calculated by: 

SGR

p

P
 =  P


o

 …………… (1) 

where: ηR, ηG and ηS are the propeller rotary, the gear and the overall propeller shaft lines efficiency respectively. To 
these efficiencies are assumed the follows values: ηG = 0.98, ηS = 0.98, ηR = 0.99. 

The single MAIN-DE brake power (PE in Fig. 1) is determined with: 
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where: PH is the ship hotel electric power (whose summer and winter values are reported in Tab. 1), ηAC/AC the electric 
frequency converter efficiency and ηSEG the shaft electric generator efficiency. The values of these efficiencies are: ηAC/AC 
= 0.97; ηSEG = 0.96 respectively. 

In this paper the mechanical ship propulsion simulator is employed to calculate the propeller thrust (Th) for different 
vessel speeds. This data is essential, being in this article the original mechanical propulsion plant replaced by a diesel-
electric propulsion one, in two different variants, as reported below. 

3. Diesel Electric Propulsion Plants 

In this article two diesel-electric plants are considered, with constant or variable diesel-generators speed, to replace the 
current mechanical propulsion system of the vessel in question. The two diesel-electric plant layouts are shown in Figs. 
2a and 2b respectively. 
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Figure 2 Diesel electric plant layouts, with constant speed electric generators (a) and variable one (b)  

In both schemes the MAIN-DE engines satisfy both the propeller power and the hotel electric one (HEL in Fig 2). 
Likewise to the mechanical propulsion plant of Fig. 1, also in these one the two diesel electric generators (DE-EG blocks 
in Fig. 2) are used during stops in port. 

Both diesel-electric plants use fixed pitch propellers (FPP in Fig. 2) instead of controllable pitch propellers employed in 
the mechanical one (see Fig. 1). The FPP solution, already employed in others analogues propulsion plants [11,14,17], 
is acceptable in a small ship with diesel-electric propulsion, thanks to the possibility of varying the propellers speed 
independently to the diesel-generators one, allowing (together with the bow-thruster, not shown in the plant layouts of 
Fig. 2) adequate ship control in the maneuvers of departure-arrival in port. Moreover, the FPP propellers have a better 
efficiency and a significantly lower cost referred the CPP ones. 

Starting to the selected ship speed, from the mechanical propulsion plant simulator [19], the required propeller thrust 
(Th in Fig. 2) is determined, and from the FPP open water characteristics we obtain the shaft speed that minimize the 
propeller power in undisturbed water (Po in Fig. 2). 

In the diesel-electric propulsion plant with constant speed diesel-generators (DG-cs) (Fig. 2a) the total MAIN-DE brake 
power (PE) is calculated with: 
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where: ηEM and ηEG are the propellers electric-motors and electric-generator efficiency. An equal value of 0.97 is assumed 
for both efficiencies. In this plant the PE can be produced by a single or both MAIN-DE. 

In the diesel-electric propulsion plant with variable speed diesel-generators (DG-vs) (Fig. 2b), the overall MAIN-DE 
brake power (PE) is determined also in this case starting by the propellers power on undisturbed water (Po) and to the 
hotel electric load (HEL) values, by equation: 
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with: ηDC/AC and ηAC/DC the direct-alternate and vice versa electric energy converter efficiency. 0.97 value is assumed for 
both efficiencies. Also in this case only one or both the MAIN-DE can be used to generate the PE. 

4. Main diesel engines 

Similarly to what done in [19], the propulsion engines currently used in the cruise ship propulsion plants, and in its 
mechanical propulsion plant simulator, are substitute with analogue power and speed diesel engine type, manufactured 
by Rolls-Royce Marine [20]. 
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Tab. 2 reports the main data of this four-stroke marine diesel engine (Rolls-Royce Bergen C25:33L8P, declined in two 
series which differ mainly in the maximum rotational speed (900 or 1000 rpm of maximum speed (NMAX)), and in the 
normalize constant sfc contours trend in the power-speed operating diagram, reported in Fig. 3. 

Table 2 Engines main data and Maximum Continuous Rating performance parameters 

Engines parameters RR C25:33L8P 900 rpm NMAX  RR C25:33L8P 1000 rpm NMAX 

Cylinder numbers 8 8 

Bore 250.0 mm 250.0 mm 

Stroke 330.0 mm 330.0 mm 

Brake power  2560 kW 2665 kW 

B.m.e.p. 26.4 bar 24.7 bar 

Maximum speed 900 rpm 1000 rpm 

Norm. MCR sfc 1 1.005 

 

 

Figure 3 900 (a) and 1000 (b) rpm Nmax Bergen engines normalized sfc contours and mechanical propulsion plant 
working conditions vs ship speed on engines power-speed plan 

In Tab. 2: RR means Rolls-Royce, b.m.e.p. is the brake mean effective pressure, MCR is the engine Maximum Continuous 
Rating, the ‘Norm. MCR sfc’ is the engine MCR sfc normalized by dividing to the RR C25:33L8P 900 rpm NMAX MCR load 
condition value one. The sfc contours reported in Fig. 3 are normalized in the same way used in Tab 2. 

Fig. 3 put in evidence the substantial different power limit curves and sfc contours trend of the two engine versions. In 
the 900 rpm NMAX engine (Fig. 3a) the sfc contours are characterized by a typical trend for these engines type [22-26]. 
The 1000 rpm NMAX one sfc contours (Fig. 3b) have a trend that differs substantially from that typical of these engines 
type equipped with single turbocharger.  

This marked difference in the power limit curves and sfc contours trend of the two engine versions led substantial 
differences in the mechanical propulsion plant performance of the considered ship [19]; a similar investigation is 
carried out in this article using both RR engine versions in diesel-electric propulsion plants of Fig. 2. 

As reported in Tab. 1, two hotel electric power values are considered depending the navigation season (winter or 
summer), corresponding to 13 and 29 °Celsius of reference winter and summer ambient temperatures respectively. 
During this last season, a engines 0.8% sfc increase is considered, for the reasons given in [27]. In the same season an 
analogue engines sfc increase is computed also in [19]. 
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5. Propulsion plants comparison  

A first comparison between the different propulsion plants is carried out for several values of the ship speed, included 
in the range 13-18 knots, with one knot of step speed. 

Fig. 3 [19] reports, in the engine power-speed plane, the vessel propulsion power (PP, black marker in figure), pertinent 
the mechanical propulsion plant of Fig. 1, calculate by eq. (1). In Fig. 3 is reported the overall engine power (PE, eq. (2) 
and plant scheme of Fig. 1), in case of winter (yellow marker) and summer (cyrano marker) navigation for the selected 
vessel speeds. 

An engine margin (maximum value of difference between the power limit and the maximum power supplied by the 
engine, at the same speed) not less to ten percent of the power limit value is chosen. With a Pitch-propeller Diameter 
ratio (P/D) equal to 1.05 this engine margin condition is respected (cyrano markers in Fig. 3), in both engine versions, 
only with ship speeds of 18 and 17 knots. The 900 rpm NMAX Bergen engine do not respect the engine margin limit 
starting from 16 knots of ship speed, due its power limit curve trend compared to that of 1000 rpm NMAX Bergen engine, 
as shown in Figs. 3a and 3b. As reported in [19], to comply the chosen engine margin, the propeller P/D ratio had 
progressively reduced, as the ship speed decreased, as reported in Fig. 4a. The figure shows that for the 900 rpm NMAX 
engine the P/D ratio reduction starts from 16 knots of vessel speed, while in the 1000 rpm NMAX one this ratio reduction 
starts to 14 knots one. 

 

Figure 4 Mechanical propulsion plant: (a) CPP P/D laws vs ship speed, (b) 900 and 1000 rpm NMAX engines brake 
power percentage differences vs ship speed in winter and summer conditions  

With a lower P/D ratio, to parity of propeller thrust for obtain the desired ship speed is need increase the propeller 
speed, and in the mechanical propulsion plant also engine one, thus bringing the considered operating point to an engine 
speed whose power limit value is higher, as reported in Fig. 3. As reported in [19], the propeller P/D ratio reduction 
reduces the propeller efficiency, to parity of propeller thrust, and therefore increase the engine required power. Fig. 4b 
shows the 900 and 1000 rpm NMAX engine brake power difference in winter and summer condition versus the ship 
speed. The data reported in Fig. 4b are calculated by the generic equation: 

 %  100=%
max  rpm 900 

max  rpm 900 max rpm 1000 

N

NN

x

xx
xΔx



 ……………….(5) 

where: x is the generic variable, x 900 rpm N max and x 1000 rpm N max are the generic variable (x) referred to 900 rpm NMAX and 
1000 rpm NMAX engines respectively. 

Fig. 4b shows that, starting to 16 knot ship speed, the 900 rpm NMAX Bergen engine need greater brake power, referred 
the 1000 rpm NMAX one. This difference increase to the ship speed decreasing (more in winter navigation), this is due to 
the less propeller Pitch-propeller Diameter P/D ratio required to 900 rpm NMAX engine, referred to the 1000 rpm NMAX 
one, as visualized in Fig. 4a.  
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5.1. Diesel electric propulsion plants comparison 

Fig. 5 reports the 900 rpm NMAX (Fig. 5a) and the 1000 rpm NMAX (Fig. 5b) engines working conditions of both diesel-
electric plants with diesel-generators operating at constant and variable speeds (plants of Figs. 2a and 2b respectively), 
for all the considered ship speeds in summer navigation. In both figures the red numbers indicate the number of active 
diesel-generators. 

 

Figure 5 900 (a) and 1000 (b) rpm NMAX Bergen engines normalized constant sfc contours and constant or variable 
diesel-generators speeds diesel-electric propulsion plants in summer working conditions vs ship speed on engines 

power-speed plan 

The total MAIN-DE brake power required to the plant with diesel-generators operating at constant speed (Fig. 2a) is 
determined by eq. (3), while that of the plant having diesel-generators operating at variable one (Fig. 2b) is calculated 
with eq. (4). The number of MAIN-DE actives depend to the propulsion ad hotel required power. 

In the propulsion plant with diesel-generators operating in variable speeds (MAIN-DE in Fig. 2b), once determined the 
total power demand (eq. (4)), and consequently the number of active diesel-generators and its brake power, the relative 
rotational speed selected corresponds to the condition of diesel engine minimum sfc to the brake power it must deliver. 

The comparison between the summer navigation (Fig. 5) and the winter one (Fig. 6), put in evidence that, to ship speed 
parity, MAIN-DE delivered power is greater in the case of summer navigation, due to the greater electrical hotel power, 
as reported in Tab. 1. 

 

Figure 6 900 (a) and 1000 (b) rpm NMAX Bergen engines normalized constant sfc contours and constant or variable 
diesel-generators speeds diesel-electric propulsion plants in winter working conditions vs ship speed on engines 

power-speed plan 
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Fig. 7 reports the comparison between the overall MAIN-DEs variable speed diesel generators (DG-vs) delivered power 
(PE) versus the constant speed one (DG-cs), for several vessel speed and season (summer or winter). 

 

Figure 7 Variable speed diesel generators vs constant speed one overall diesel engines brake power difference for 
different ship speeds in summer and winter navigation  

The data shown in Fig. 7 are determined by: 

 %  100=%
csDGE

csDGEvsDGE

EE
P

PP
PΔP






 …………………. (6) 

with: PE DG-vs the overall MAIN-DEs variable speed diesel-generators delivered power and PE DG-cs the overall MAIN-DEs 
constant speed one. 

Fig. 7 shows that the propulsion plant with DG-vs overall MAIN-DEs power is always higher, to same ship speed and 
season, compared to that of DG-cs one, this difference is greater in summer conditions. This is due to the greater number 
of voltage and frequency conversion systems present in the DG-vs plant, compared to the DG-cs one, as shown in Figs. 
2b and 2a respectively. The difference increases as the ship's speed decreases, because this fact increases the power 
percentage of the ship's hotel load. 

Before presenting and complying the following figures, it should be noted that in all considered diesel-electric 
propulsion plants types and engines, from the ship speed of 15 knots downwards there is the transition from two active 
MAIN-DEs to one, as shown also in Figs. 5 and 6. From 15 knots ship speed to descend the total power (PE) required by 
the propellers and by the hotel load is less than the maximum power that can be supplied by a single MAIN-DE. 

The comparison between the propulsion plant with DG-cs and DG-vs, referred the overall MAIN-DE efficiency (ηE) and 
nautical mile fuel consumption (mf) is reported in Fig. 8. The data reported in this figure are calculated with: 

 %  100=%
csDG

csDGvsDG

x

xx
xΔx



 

 ……………… (7) 

where: xDG-vs e xDG-cs are the generic variables referred to variable speed and the constant one diesel generators 
respectively.  
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Figure 8 DG-vs plants vs DG-cs one 900 (a) e 1000 (b) rpm NMAX engines efficiency and nautical mile fuel consumption 
percentage differences vs ship speeds in summer and winter seasons 

As the regard of 900 rpm NMAX engine, Fig. 8a shows that the DG-vs plant has a higher engines efficiency referring the 
DG-cs one, especially in winter navigation, as consequence the nautical mile fuel consumption differences versus ship 
speed is almost specular, with the difference that for the latter parameter the differences are approximately two 
percentage points lower than the engine's efficiency. This fact is due to the greater engine power, to the same ship speed, 
required by the DG-vs plant, as already reported in Fig. 7. 

Fig. 8b put in evidence the greater advantage of the 1000 rpm NMAX engine employed in the DG-vs plant versus the same 
engine running in the DG-cs one. This 1000 rpm NMAX engine advantage, compared to the 900 rpm NMAX one (see Fig. 
8a), can be explained by observing its sfc contours trend on the engine power-speed plan in Figs. 5b and 6b, that permit 
to DG-vs plant to run the engine always in low sfc conditions, which is not possible in the case of 900 rpm NMAX engine, 
as shown in Figs. 5a and 6a. 

Fig. 9 reports the differences between the 900 and 1000 rpm NMAX engines employed in the same propulsion plant type, 
with DG-cs (Fig. 9a) and DG-vs (Fig. 9b). Also in this case the comparison between the two engines type is carried out to 
overall MAIN-DE efficiency (ηE) and nautical mile fuel consumption (mf), for different ship speeds in summer and winter 
seasons. The data shown in Fig. 9 are determined by eq. (5). 

 

Figure 9 900 and 1000 rpm NMAX engines working in the DG-cs (a) and DG-vs (b) plants comparison of efficiency and 
nautical mile fuel consumption percentage differences vs ship speeds in summer and winter seasons  

Fig. 9a data, referred the DG-cs propulsion plant, show that the 900 rpm NMAX engine works with an efficiency greater 
than about 1% compared to 1000 rpm NMAX one, for almost all the considered ship speeds and seasons. As consequence 
the nautical mile fuel consumption percentage differences between the two engines are characterized by a specular 
trend with respect to those of the engines efficiency differences with similar values but with opposite sign. 
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On the contrary Fig. 9b shows that, in the case of DG-vs plant, in the summer the 1000 rpm NMAX engine works with a 
percentage efficiency greater than about 2% referred the 900 rpm NMAX one. In winter navigation the 1000 rpm NMAX 
engine efficiency advantage becomes less constant but on average higher, at ship speeds of 14, 16 and 17 knots, and 
above all at 13 knots where the higher 1000 rpm NMAX engine efficiency from 900 rpm NMAX reaches 8%. To 15 knots of 
vessel speed (speed from which and for lower values only one MAIN-DE works) the efficiency of both engines type is 
equal (see Fig. 9b) in winter season, while in summer one the 1000 rpm NMAX engine efficiency is 1% greater refer that 
of 900 rpm NMAX one. The two engines nautical mile fuel consumption percentage differences trend is almost specular 
with percentage differences similar to those of the engine efficiency. In the DG-vs propulsion plant, the advantage of the 
1000 rpm NMAX engine, respect the 900 rpm NMAX one, is due to the aforementioned particular trend of the 1000 rpm 
NMAX engine constant sfc contours, reported in Figs. 5 and 6. 

5.2. Diesel-electric and mechanical propulsion plants comparison 

Before starting the comparison between diesel-electric and ship mechanical propulsion plants, is useful reports the 
main comparison parameters between the two Bergen engines versions, employed in the mechanical propulsion plant 
of Fig. 1. The data reported in Fig. 10, taken from the authors paper [19], show, in terms of engine efficiency and ship 
nautical mile fuel consumption in calm sea, a 900 rpm NMAX engine less advantage, referring the 1000 rpm NMAX one, in 

 

Figure 10 Mechanical propulsion plants 900 and 1000 rpm NMAX MAIN-DEs overall efficiency (a) and nautical mile 
fuel consumption (b) vs ship speed in summer and winter navigation 

the 17 and 18 knots vessel speed, a substantial parity at 16 knots, and a 1000 rpm NMAX engine advantage starting to 15 
knots (that grows more and more as ship speed decreases, mainly in summer season) referring the 900 rpm NMAX one. 

Fig. 11 shows, in percentage terms, the DG-cs and mechanical propulsion plants (a) and DG-vs and mechanical one (b) 
overall MAIN-DEs brake power difference, for different ship speeds and summer or winter seasons. The data presented 
in the figure are determined by: 

 %  100=%
MECH

MECHDE
EE

P

PP
PΔP


 ……………… (8) 

with: PDE e PMECH are the MAIN-DEs brake power of diesel-electric and mechanical propulsion plants respectively. 

The engines brake power percentage differences determined by eq. (8) are referred to the same Bengen engine type 
(900 rpm NMAX engine or 1000 rpm NMAX one). 
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Figure 11 Overall MAIN-DEs brake power percentage difference between DG-cs and mechanical propulsion plants (a) 
and DG-vs and mechanical one (b) vs ship speeds in summer and winter seasons  

As reported in Fig. 11a, to 17 and 18 knots of vessel speed the DG-cs plant the MAIN-DEs brake power is slightly less 
than that of mechanical plant, especially in the summer season. This is due mainly to FPP greater efficiency, used in 
diesel-electric plants, compared to those CPP of the mechanical one. Starting to 16 knots, to the ship speed reducing the 
mechanical MAIN-DEs brake power increases more and more compared to that of DG-cs, mainly in the case of 900 rpm 
NMAX engine. This is due to the mechanical plant CPP P/D reduction to the vessel speed decrease (as visualized in Fig. 3), 
which results in an ever lower propeller efficiency. 

In the DG-vs plant, already from 18 knots of ship speed the MAIN-DEs brake power is greater than that of the mechanical 
plant, as shows in Fig. 11b. This is due to the greater number of frequency and voltage conversion components present 
in the DG-vs plant referred the DG-cs one (see Figs. 2a and 2b), which entails an electricity transport line lesser efficiency 
from generators to propellers and HEL of the DG-vs plant respect the DG-cs one. Starting from a ship speed of 15 knots 
and with its decreasing, the mechanical plant advantage becomes less and less, until it cancels out and becomes negative 
at ship speeds slightly less than 15 knots for the plant with 900 rpm NMAX engines, and about 14 knots in the plant 
employing the 1000 rpm NMAX ones; this for the above mentioned reasons regarding the propeller P/D reduction as the 
ship speed decreases in the mechanical plant. 

Fig. 12 reports the percentage difference between the DG-cs and mechanical propulsion plants pertinent the overall 
MAIN-DEs efficiency and nautical mile fuel consumption, referred the 900 rpm NMAX engines (a) and 1000 [rpm] NMAX 
one (b), for different ship speeds in summer and winter seasons. The data reported in Fig. 12 are determined by eq. (8). 

 

Figure 12 DG-cs versus mechanical propulsion plants overall MAIN-DEs efficiency and nautical mile fuel consumption 
percentage differences for 900 rpm NMAX engines (a) and 1000 [rpm] NMAX one (b) vs ship speeds in summer and 

winter seasons 
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Fig. 12a, referred to 900 rpm NMAX engines, show that to 18 knots ship speed the mechanical plant MAIN-DEs efficiency 
is practically equal to those of the diesel-electric one, and a little better at 17 and 16 knots. For speeds equal or less than 
15 knots the only active engine efficiency of the diesel-electric plant becomes significantly higher than that of the two 
engines of the mechanical one, because at low ship speeds the only MAIN-DE active of DE plant works under higher load 
conditions and therefore with less sfc (Figs. 5a and 6a). This occurs in both winter and summer navigation and obviously 
also reflects on nautical mile fuel consumption, as shown in Fig. 12a. 

The data shown in Fig. 12b relates to the comparison between the same previously examined plants, with the only 
difference that both plants use the 1000 rpm NMAX engines. The considerations that are drawn from the figure are 
generally similar to those relating the plants with 900 [rpm] NMAX engines (Fig. 12a). The only substantial difference 
between the two engines is that, to ship speeds equal to or less than 15 knots, the differences between the mechanical 
propulsion plant and the diesel-electric one are smaller for the 1000 rpm NMAX engines, compared to 900 rpm NMAX ones 
(Figs. 12b and 12a respectively). 

Fig. 13 reports the same data comparison presented in Fig. 12, in this case referred to mechanical and DG-vs propulsion 
plants. The data presented in the figure are calculated with eq. (8).  

 

Figure 13 DG-vs versus mechanical propulsion plants overall MAIN-DEs efficiency and nautical mile fuel consumption 
percentage differences for 900 rpm NMAX engines (a) and 1000 [rpm] NMAX one (b) vs ship speeds in summer and 

winter seasons 

In the DG-vs propulsion plants, the possibility of varying the MAIN-DEs rotational speed allows these engines to run in 
the minimum sfc condition at the power required by the plant (to ship propulsion and HEL), as shown in Figs. 5 and 6. 
The same engines installed in the mechanical plant works in the same conditions (visualized in Fig. 3), and therefore 
efficiency, of the case considered in Fig. 12. This entails a greater efficiency difference in favour of the MAIN-DEs 
operating in the DG-vs propulsion plants, compared to DG-cs one, as can be seen from the comparison between Figs. 12 
(pertinent the DG-cs propulsion plants) and 13 (referred the DG-vs ones). This fact has a positive impact also in the 
nautical mile fuel consumption, as reported in Fig. 13 with respect to Fig. 12. Similarly to DG-cs plants, the DG-vs plants 
advantages, compared to the mechanical ones, occurs mainly at ship speeds equal or less than 15 knots (see Fig. 13), for 
the same reasons already reported in the comment of Fig. 12. 

The greatest difference between summer and winter conditions in the plant with 1000 rpm NMAX engines (Fig. 13b), 
compared to 900 rpm NMAX one (Fig. 13a), especially at low ship speeds, is due mainly to the already remarked difference 
in the sfc contours between these two engines (Figs. 6a and 6b). 

At reduced ship speeds, the lesser difference observed between the DG-vs and mechanical plants using the 1000 rpm 
NMAX engine, compared to that employing the 900 rpm NMAX one, mainly in winter navigation (see Fig. 13), is due to fact 
that at these ship speeds the mechanical plant with 1000 rpm NMAX engines is characterized by an engines efficiency, 
and therefore nautical mile fuel consumption, significantly better referring the mechanical plant employing the 900 rpm 
NMAX engines, as seen in Fig. 10.  
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6. Conclusion 

The paper reports a comparison between mechanical and diesel-electric propulsion plants for a small cruise ship 
propulsion. Both versions of the prime movers Rolls-Royce Bergen marine diesel engine are employed in all plants. This 
engines type, characterized by a similar rated power, presents very different power lint curve and specific fuel contours 
trend in the operating diagram. To this reason, both diesel-electric plants with diesel-generators operating at constant 
and variable speed have been tested. The propulsion plants comparison is carried out with reference to summer and 
winter seasons (conditions that differentiate the ship's electrical consumption and the engines efficiency). 

The main considerations drawn from the propulsion plants comparison can be summarized as follows: 

 To lover ship speeds (13-15 knots) the mechanical propulsion plant employing the 1000 rpm NMAX engines is 
characterized by a less brake power Fig. 4b and higher efficiency Fig. 3, and consequently a lower nautical mile 
fuel consumption, compared to the same plant type with 900 rpm NMAX ones. These differences are also due 
to 1000 rpm NMAX engines more favorable propeller P/D law referring the 900 rpm NMAX ones (Fig. 4a). In 
the 16-18 knots ship speed range the two engine types performances are practically equivalents. 

 In the diesel electric plants, despite that in the DG-vs one the power required to the MAIN-DEs progressively 
increases as the ship speed decreases, compared to that of the MAIN-DEs operating in DG-cs plants Fig. 7, the 
1000 rpm NMAX engine sfc contours particular trend on power-speed plan allow an advantage, in terms of 
engine efficiency and fuel nautical mile consumption, compared to the same engines operating in the DG-cs 
plant, at 13-14 knots ship speeds and in lesser form at 16-17 knots one. In the plants with 900 rpm NMAX 
engines, the engine efficiency and nautical mile fuel consumption differences between DG-vs and DG-cs plants 
are much smaller than in the plants with 1000 rpm NMAX engines (Fig. 8). 

 Always in the diesel electric plants, the efficiency and nautical mile fuel consumption differences between the 
two engines types (900 and 1000 NMAX) are not very consistent at all ship speeds in the DG-cs plants (Fig. 9a), 
in the DG-vs ones, the 1000 NMAX engine, due its more favourable specific fuel contours trend in the operating 
diagram, has better efficiency and nautical mile fuel consumption at lower ship speeds, referring the 900 NMAX 
one, especially at 13 knots ship speed (Fig. 9b).  

 The comparison between the mechanical and the diesel electric propulsion plants shows generally little 
differences in the engines efficiency and nautical mile fuel consumption at high ship speeds (16-18 knots). The 
DG-cs diesel electric plants have better engine efficiency and nautical mile fuel consumption, vs the mechanical 
ones, to ship speed equal or less to 15 knots, especially with the 900 NMAX engine (Fig. 12). In the same ship 
speeds interval, the first mentioned diesel electric plants advantage vs the mechanical ones become more 
consistent in DG-vs plants, regardless to the used engine type (900 or 1000 NMAX one) (Fig. 13).  

 The season in which the navigation takes place does not seem have a great influence on the plants data 
comparison. Some advantages are found more often in the winter season, especially in favour of the 1000 rpm 
NMAX engine (Figs. 8 and 13). 

The greater efficiency of the diesel electric propulsion plants, compared to the mechanical ones, detected at lower ship 
speeds (13-15 knots), is due mainly to the fact that in this ship speeds interval only one MAIN-DE is active, which works 
under high load conditions, and therefore with reduced sfc values. (Figs. 5 and 6). In the same ship speeds interval, in 
the mechanical plants both engines are actives, therefore they operate at reduced power and therefore with high sfc. 
(Fig. 3) At high ship speeds (16-18 knots), in all the analyzed diesel-electric propulsion plants both MAIN-DEs are active, 
as it happens also in the mechanical plants. To this reason, at high ship speeds, the diesel-electric and mechanical 
propulsion plants efficiency, and thus the nautical mile fuel consumption, differ little from each other. 

In conclusion, the examined diesel electric propulsion plants are convenient, respect the mechanical ones, in lower 
navigation speed, while are not convenient for travel with ship speeds near to the maximum one. These considerations, 
obtained from the comparison between two marine engines fuelled with traditional liquid fuels are also valid for marine 
engines fed with alternative fuels, such as natural gas, or likely to be used in the near future, such as: methanol, ammonia 
and hydrogen. 

 

 



International Journal of Frontiers in Engineering and Technology Research, 2023, 04(02), 001–015 

14 

Compliance with ethical standards 

Acknowledgments 

The authors wish to acknowledge the precious support given by United Kingdom Rolls-Royce marine technical office 
and by Italian Rolls-Royce engineer Irene Zanin and mister Andrea Cerutti. 

Disclosure of conflict of interest 

The authors declare no conflict of interest. 

References 

[1] International Maritime Organization (IMO). Report of the marine environment protection committee on its fifty-
seventh session, MEPC 57/ 21, April 7, 2008. 

[2] International Maritime Organization (IMO). Consideration of the energy efficiency design index for new ships - 
Proposals on the effect of generators and diesel-electric propulsion systems. GHG-WG 2/2, February 4, 2009. 

[3] International Maritime Organization (IMO). Interim guidelines on the method of calculation of the energy 
efficiency design index (EEDI) for New Ships. MEPC.1/Circ.681, August 17, 2009. 

[4] International Maritime Organization (IMO). 2009c. Consideration of the energy efficiency design index for new 
ships - Recalculation of energy efficiency design index baselines for cargo ships. GHGWG 2/2/7, February 4, 2009. 

[5] International Maritime Organization (IMO). IMO Train the Trainer (TTT) Course on Energy Efficiency Ship 
Operation. Module 2 - Ship Energy Efficiency Regulations and Relate Guidelaines. London. UK, January, 2016. 

[6] International Maritime Organization (IMO). Resolution MEPC.334/76, 2021 Guidelines on Survey and 
Certification on Attained Energy Efficiency Existing Ship Index (EEXI), June 17, 2021. 

[7] International Maritime Organization (IMO). Resolution MEPC.336/76, 2021 Guidelines on Operational Carbon 
Intensity Indicators and the Calculation Methods (CCI), June 17, 2021. 

[8] Transport and Sea Technologies, Italian Association for Naval Techniques (ATENA), Gedi News Network SpA 
Editor, Torino, Italy, November-December, 2019. 

[9] Rolls-Royce. Diesel and Gas Engines Generator Set and Propulsion Systems. Bristol, UK, Internal Report, 2015. 

[10] Yamada H, Miyabe H, Saeki A. Energy Saving Technology of the Diesel-Electric Propulsion System for Japanese 
Coastal Vessels. IHI Engineering review, Vol. 44, N° 1, 2011. 

[11] Sofras E, Prousalidis J. Developing a new methodology for evaluating diesel-electric propulsion. Journal of Marine 
Engineering & Technology, 13:3, p. 63-29, DOI: 10.1080/20464177.2014.11658123, 2014. 

[12] Völker T. Hybrid propulsion concepts on ships. University of Applied Sciences Bremen, Germany, E-Mail: 
thorsten.voelker@hs-bremen.de, 2015. 

[13] MAN. Diesel-electric Propulsion Plants, MAN Report, 2015. 

[14] Mrzljak V, Mrakovčić T. Comparison of COGES and Diesel-Electric Ship Propulsion Systems, Pomorski zbornik 
Posebno izdanje, April, 2016, p. 131-17, DOI: 10.18048/2016-00.131.  

[15] Martelli M, Figari M. Numerical and experimental investigation for the performance assessment of full electric 
marine propulsion plant. Maritime Transportation and Harvesting of Sea Resources – Guedes Soares & Teixeira 
(Eds) ©, 2018, Taylor & Francis Group, London, ISBN 978-0-8153-7993-5.  

[16] Campora U, Martelli M, Silvestro F, Zaccone R. Optimal Management of a Diesel-Electric Propulsion Plant with 
Either Constant or Variable Diesel Generators Speed. SMATECH 2019, 2nd International Conference on Smart & 
Green Technology for Shipping and Maritime Industries, Glasgow, UK, July 11-12, 2019, p. 98-6, ISBN 978-1-
9996144-6-1. 

[17] Zaccone R, Campora U, Martelli M. Optimization of a Diesel-Electric Ship Propulsion and Power Generation 
System Using a Genetic Algorithm. Journal of Marine Science and Engineering, 2021, 9, p. 587-14, June, 2021, 
eISSN: 2077-1312. 

mailto:thorsten.voelker@hs-bremen.de


International Journal of Frontiers in Engineering and Technology Research, 2023, 04(02), 001–015 

15 

[18] Department of Electrical Engineering of United States Naval Academy. Marine electric drive overview, [on-line]: 
http://www.usna.edu/EE/ee331/Handouts/Electric_Drive.pdf. 2006. 

[19] Benvenuto G, Campora U. Influence of the Marine Engine Load Diagram Characteristics on the Ship Propulsion 
System Performance. International Journal of Frontiers in Engineering and Technology Research (IJFETR), 
03(02), p. 056-12, DOI: https:/doi.org/10.53294/ijfetr.2022.3.2.0059, ISSN: 2783-0497 (Online), December 28, 
2022. 

[20] Rolls-Royce. Diesel and gas engines generator set and propulsion systems (Internal report), Rolls-Royce Marine. 
Bristol, UK, 2015. 

[21] Pereira N N. A Diagnostic of Diesel-Electric Propulsion for Ships. Ciencia & Tecnologìa de Buques, Year 1, Vol. 2, 
N 2, 2007, p. 27-14, ISSN 1909 8642. 

[22] Benvenuto G, Campora U, Carrera G, Casoli P. A Two-Zone Diesel Engine Model for the Simulation of Marine 
Propulsion Plant Transients. MARIND 98, Second International Conference on Marine Industry, Varna, Bulgaria, 
September 28 – October 2, 1998. ISBN: 9789547150539. 

[23] Campora U, Figari M. Numerical Simulation of Ship Propulsion Transients and Full Scale Validation. Proc. Instn 
Mech Engrs Vol 217 Part M: Journal of Engineering for the Maritime Environment, 2003, ISSN: 1475-0902. 

[24] Durković R, Damjanović M. Regression Models of Specific Fuel Consumption Curves and Characteristics of 
Economic Operation of Internal Combustion Engines. Mechanical Engineering Vol. 4, No 1, 2006, p. 17 – 9, UDC 
621.437:629.4.082.2. 

[25] Eleftherios K. D, Dominic A. H, Stephen R. T. Assessing the Potential of Hybrid Energy Technology to Reduce 
Exhaust Emissions from Global Shipping. Energy Policy 40 (2012), p. 204-14, DOI: 10.1016/j.enpol.2011.09.046. 

[26] MAN 51/60 DF IMO TIER II / IMO TIER III, project guide – Marine, 2015. Available online: https://marine.man-
es.com/docs/default-source/shopwaredocuments/man-l51-
60df8f6b0c494739478a818ef2765bdbaa92.pdf?sfvrsn=6. 

[27] Altosole M, Balsamo F, Benvenuto G, Campora U. Numerical modelling and analysis of the ambient conditions 
influence on the performance of a marine diesel engine. Development in Maritime Technology and Engineering, 
Guedes Soares & T. A. Santos ed., CRC Press, Taylor & Francis Group, Balkema book, London, UK, Proceedings and 
Monograph in Engineering, Water and Earth Sciences, 2021, p. 463-11, ISBN: 978-0-367-77377-9, DOI: 
10.1201/9781003216599-49 

Authors short biography 

Dr Eng Giovanni Benvenuto is Full Professor (from 1984) of the Department of Naval Architecture, Electrical, 
Electronic and Telecommunications Engineering (DITEN), Polytechnic School, University of Genoa. Professor of 
“Marine Propulsion Plants” in the degree courses of Naval Architecture and Marine Engineering of Genoa University 
until 2014. Member of CETENA Scientific Committee. Consultant of the Italian Navy and of several shipyards and 
shipowners. 

Dr Eng Ugo Campora, Associate Professor (from 2005) in the Department of Mechanical, Energy, Management and 
Transportation Engineering (DIME), Polytechnic School, University of Genoa. Professor of “Thermal Machinery” in 
the degree courses of Naval Architecture and Marine Engineering of Genoa. Consultant of the Italian Navy and of 
several shipyards and shipowners. 

 

http://www.usna.edu/EE/ee331/Handouts/Electric_Drive.pdf
https://marine.man-es.com/docs/default-source/shopwaredocuments/man-l51-60df8f6b0c494739478a818ef2765bdbaa92.pdf?sfvrsn=6
https://marine.man-es.com/docs/default-source/shopwaredocuments/man-l51-60df8f6b0c494739478a818ef2765bdbaa92.pdf?sfvrsn=6
https://marine.man-es.com/docs/default-source/shopwaredocuments/man-l51-60df8f6b0c494739478a818ef2765bdbaa92.pdf?sfvrsn=6

