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Abstract: Due to growing environmental concerns and stringent emissions regulations, optimizing the fuel 

consumption of marine propulsion systems is crucial. This work deals with the potential in an LNG ship 

propulsion system to reduce fuel consumption through controlled load distribution between engines in Dual 

Fuel Diesel Electric (DFDE) plant. Based on cyclical data acquisitioning measured on board and using an 

optimization model, the study evaluates different load distribution strategies between set up according to the 

optimization model results and automatic (equal) operation to determine their effectiveness in improving fuel 

efficiency. The analysis includes scenarios with different fuel types, including LNG, MDO and HFO, at 

different engine loads. The results indicate that load distribution adjustment based on the optimization model 

results significantly improves fuel efficiency compared to conventional methods of uniform load distribution 

controlled by power management systems almost in all load intervals. This research contributes to the maritime 

industry by demonstrating that strategic load management can achieve significant fuel savings and reduce 

environmental impact, which is in line with global sustainability goals. This work not only provides a 

framework for the implementation of more efficient energy management systems on LNG vessels, but also sets 

a benchmark for future innovations in maritime energy optimization as well as in the view of exhaust emission 

reduction. 

Keywords: LNG vessel; DUAL Fuel Diesel Electric (DFDE); fuel efficiency; load distribution; 

optimization; environmental sustainability 

 

1. Introduction 

Against the backdrop of the International Convention for Prevention of Pollution from Ships 

(MARPOL 73/78) with special reference to Annex VI Prevention of Air Pollution from Ships which 

aim to address increasing concerns about fuel consumption and emissions such as carbon dioxide 

(CO2) and nitrogen oxides (NOx), this paper investigates fuel savings on DFDE engines at Liquid 

Natural Gas (LNG) ships power plant. As the industry is experiencing a surge in growth along with 

increasing pressure to reduce environmental impact, the focus is shifting to improving the energy 

efficiency of LNG marine power plants. Through a careful examination of power requirements in 

different operating modes and an analysis of specific fuel consumption and exhaust emissions, the 

article aims to determine and achieve the optimal engine configuration load for LNG vessels, 

considering port safety protocols and regulations. In addition, against the background of the 

MARPOL, the study evaluates the efficiency of onboard energy management systems, especially in 

load sharing between engines, in order to propose solutions that meet the objectives of minimizing 

fuel consumption and emissions in compliance with regulatory requirements. 

An earlier research paper [1] provides a comprehensive analysis of the impact of ship operating 

modes on reducing exhaust emissions and fuel consumption in LNG energy systems. The study 

examines the dynamic relationship between power demand, specific fuel consumption and CO2 and 

NOx emissions in different operating scenarios that occur in LNG ships and aims to determine the 

optimal engine configuration for different operating modes based on data from the simulator and 

test bench, considering safety and port requirements. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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The research evaluates the efficiency of built-in Power Management Systems (PMS) that 

distribute power evenly between engines in the network, regardless of fuel consumption and exhaust 

emissions, focusing especially on manual load sharing between engines to increase energy efficiency 

and reduce emission of harmful exhaust gases. A comprehensive analysis of the data and their 

comparison led to the conclusion that the slightly better solution is to manually distribute the power 

between the engines. 

From the analysis of the various functions of the PMS, it appears that while the PMS performs 

its intended functions, it may not be the most cost-effective or environmentally friendly option under 

normal operating conditions in various operating regimes of the vessel or in certain scenarios, such 

as navigating through rough waters, prolonged maneuvers or extended port calls with multiple 

engines running at low power. The results of the previous study suggest that a daily optimization of 

engine utilization in the form of a redistribution of power between the engines is necessary. 

Sometimes manual redistribution of the load between engines is required to improve fuel efficiency 

and reduce NOx and CO2 emissions. This gives rise to the idea of developing a optimization model 

that calculate what the optimum load is for each individual engine, all with the aim of saving fuel. 

Currently, there is no reliable algorithm on considered ship power plant that determines the 

optimal number of engines and their load distribution based on specific operational requirements, 

taking into account fuel consumption and emissions. This paper presents the benefits of applying an 

optimization model, developed for the purpose of this article with the aim of fuel saving to improve 

the energy efficiency of DFDE propulsion systems on LNG ships. 

In the paper, four-stroke DFDE engines (type: 8L51/60DF) were considered, for which a series 

of measurements were carried out under real working conditions and in different operating modes 

and for which an optimization model was created. 

The first chapter of this paper presents a series of specific fuel oil consumption (SFOC) 

measurements carried out with three different fuel types, Marine Diesel Oil (MDO), Heavy Fuel Oil 

(HFO) and Liquefied Natural Gas (LNG) at different engine loads. 

The second chapter of this paper presents and describes an optimization model whose main 

objective is to develop an energy optimization strategy for an LNG vessel with minimum fuel 

consumption, considering three different types of fuel that the vessel can use. 

The third chapter of this paper presents the fuel savings(calculated) by using the method of 

comparison between equal sharing load distribution between the engines by PMS and the optimized 

proposal at the same loads and in different operating modes of the ship during operation. 

The optimization of fuel consumption in ship propulsion systems, with DFDE engines, 

especially in LNG ships represents a great opportunity to improve operational efficiency and reduce 

environmental impact. A study by [2] highlights the potential for improvements in fuel consumption 

through strategic load sharing between parallel generator sets in onboard power systems. 

Traditionally, equal load sharing between generators has been the norm to increase resilience to 

sudden load changes. However, this approach is not necessarily the most economical. Advanced 

control systems, possibly integrated with energy storage solutions, allow for more dynamic load 

sharing based on optimal fuel efficiency parameters while maintaining the robustness of the system. 

In addition to the analytical method for determining optimal loading in terms of fuel efficiency, this 

underlines the move away from traditional practices towards a more analytical and efficiency-

oriented operation of marine propulsion systems. The study also addresses the impact of optimal 

load distribution on system control and proposes modifications to pendulum characteristics and the 

inclusion of energy storage to mitigate the effects of load fluctuations and thus stabilize fuel 

consumption under varying operating conditions. This innovative approach to generator utilization 

not only paves the way for significant fuel savings, but also contributes to the overarching goal of 

sustainable ship operation. 

In [3], a comprehensive approach to optimizing the design and operation of diesel-electric 

propulsion systems in ships is presented, with a focus on improving energy efficiency and 

minimizing fuel consumption. Using a genetic algorithm, the study attempts to determine the most 

effective configuration and operation of diesel-electric propulsion systems, considering factors such 
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as the number and type of engines, their power and speed, and the optimal load distribution between 

them.  

The study compares different propulsion layouts (AC and DC networks) to determine the most 

fuel-efficient setup under both design and non-design conditions. In the design optimization, the 

engine types and their optimal operating points for a pleasure craft were investigated, aiming for a 

design speed of 17 knots and investigating further speeds between 10 and 17 knots. The optimization 

algorithm was used to determine the optimal operating points at these lower speeds and to select the 

number and operating points of the diesel generators. Two strategies for power management of the 

propulsion system were considered: one with even load distribution between the generators and 

another that allows uneven load distribution. The advantages of variable speeds over constant speeds 

include better utilization of engine efficiency, lower fuel consumption and minimization of service 

interruptions due to frequent starting and stopping of the generators. The study has shown that 

diesel-electric systems, especially with variable speed control and uneven load distribution, offer 

significant advantages in terms of efficiency and fuel consumption, especially at lower speeds.  

There are also numerous studies on the topic of DFDE engine optimization, such as [3–7] but 

according to the available literature, no similar approach to the optimization of DFDE power plants 

and fuel reduction by optimizing load distribution between engines as presented in this paper has 

been found. 

2. Measurements in Real Conditions of Ship Exploitation 

As an example of a case study, an LNG vessel with the engine’s characteristics listed below in 

Table 1 was selected, on which measurements were taken during the voyage and in different 

operating states of the vessel. As mentioned above, the recordings were carried out cyclically with 

three different fuel types (HFO, MDO and LNG) over a period of two months. 

Table 1. Specification of DF-8L 51/60 DF @ 100% load. 

Engine parameters Specifications 

Cylinder No (-) 8 

Cylinder diameter (mm) 510 

Stroke (mm) 

Compression ratio (-) 

Speed (rpm/min)  

MCR - Power (kW) 

Fire order (-) 

Mean effective pressure (bar) 

Ignition pressure (bar) 

600 

13.3 

514 

8,000 

1-4-7-6-8-5-2-3 

19 

190 

2.1. DFDE Power Plant on LNG Ship 

The ship's LNG power plant under consideration consists of five main diesel engine generators, 

the specifications of which are listed in Table 1. 

The electrical and propulsion energy on board is generated by the DFDE engines, which are 

connected to generators that distribute the electricity for the auxiliary load and propulsion. 

The generators can be manually run-up and connected to the main switchboard, but in normal 

operation the PMS the operation of the generators automatically and divide equal load to all engines 

connected to the electrical network. 

The configuration of the electrical network depends on the ship's operating situation and the 

operator's experience and is the most common: 

• normal seagoing 4 or 5 DGs (laden 5, ballast 4), 

• maneuvering 2 or 3 DGs, 

• cargo loading/unloading 2 DGs, 

• port at idle or anchorage 1 DG. 
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PMS is a computerized system that automatically controls, monitors and manages the operation, 

connection, and load sharing of generators on the main switchboard. 

The load distribution controlled by the PMS is only possible if the load is distributed evenly 

across the generators on network. The load of the generator can be distributed manually if required, 

but this option is not available in automatic mode. 

2.2. Measurement Results as per Requested Load and Type of Fuels 

The measurements were carried out under the actual operating conditions of the ship and in 

different operating regimes of the ship on all three fuel types (LNG, HFO, and MDO) in accordance 

with the requirements of Appendix 4 of NOx Technical Code 2008 [9]. 

The measurements were carried out in a range of 20-90% engine load at every 10% load. After 

analyzing the data collected during the measurements on the ship, it was found that it is necessary 

to optimize the load distribution between the DF gensets connected to the ship's network in order to 

reduce fuel consumption and therefore also harmful gas emissions. In order to validate the results 

obtained, repeated measurements were carried out between the points already measured, so that 

finally the measurement data was obtained in a step of 5% of the engine load and this data was 

consider when creating the model. 

The measurements were taken by switching the load sharing mode to manual mode and 

gradually increasing the load by 5% to reach the desired measurement point. When the desired 

measurement point was reached, the load was kept in this mode for at least 10 minutes and when all 

operating parameters were stable, the recording was started. In this way, each recording point was 

checked against requirements 6.4.9.2 and 6.4.9.3 of the NOx Technical Code 2008. Furthermore, care 

was taken to minimize the change in rudder angle as much as possible during the measurement. 

In addition to the primary fuel lines, DFDE engines require secondary lines that supply a small 

amount of fuel, called pilot fuel. This pilot fuel is crucial for ignitions when the engine is operating 

with LNG - air mixture [9] and distillate mode [10] to ensure nozzle cooling. Pilot fuel consumption 

is considered when calculating the SFOC for each fuel type considered. The operation and efficiency 

of DFDE engines are well described in the literature [12–20]. 

Figure 1 show graphically the measured data for SFOC. All measurements were carried out in 

the power range from 20 to 90% engine load and with three types of fuel. 

 

Figure 1. Fuel consumption for three types of fuel. 

As an example, to prove the hypothesis that the total fuel consumption could be lower than that 

of engines with an equal load distribution, a calculation was carried out for three selected loads on 

MDO. 

In Table 2 each mode is associated with an equivalent power output and two operating 

configurations are also considered. The first option/configuration is engine load sharing according to 

the PMS where the load is automatically distributed evenly among the number of engines in the 

network without considering the optimal engine operating point and fuel consumption. In the second 
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option/configuration, the PMS is ignored, and the load is manually adjusted between the engines, so 

that the loads of the engines are manually adjusted to the optimal operating point (according to the 

measurement data) and the rest of the load is taken by an engine that would operate at a lower load. 

Table 2. Results of engine load configurations on MDO. 

LOAD Configuration 

SFOC Consumption  

(g/kWh) 

MDO 

(MT/day) 

MDO 

 Daily savings 

 (%) (MT)  

9,000 kW 
2 engine equally sharing load (2 x 4,500 kW) 2 x 220.1 49.24 < 6.28 

2.91 
2 engine adjusted load (1 x 6,600 kW / 1 x 2,400 kW) 1 x 204.9 / 1 x 250.4 46.33 > 5.90 

15,000 kW 
3 engine equally sharing load (3 x 5,000kW) 3 x 223.5 80.97 < 4.34 

3.37 
3 engine adjusted load (2 x 6,600 kW / 1 x 1,800 kW) 2 x 204.9 / 1 x 257.3 77.6 > 4.16 

21,600 kW 
4 engine equally sharing load (4 x 5,400 kW) 4 x 215.4 112.77 < 2.43 

2.68 
4 engine adjusted load (3 x 6,600kW / 1 x 1,900 kW) 3 x 204.9 / 1 x 257.3 110.09 > 2.37 

Table 2 shows how the adjusted load configuration leads to daily fuel savings for each load level. 

The last two columns show the potential daily savings in MT (metric tons) and as a percentage. The 

greatest percentage saving is seen at the 9000kW level, with over 6% improvement. The table 

indicates that adjustment of the engine loads to their optimal operating points can lead to significant 

fuel savings compared to even load sharing managed by the PMS. 

Based on the results obtained in Table 2, the consequence was to carry out a deeper analysis of 

the measurement results obtained for all three fuels and to develop an optimization model for the 

purpose of energy and fuel savings on an LNG vessel with a DF power plant load distribution. 

3. Optimization Model 

Optimisation model is developed and fed with measured fuel consumption data onboard a ship 

using different fuels. Since data have been measured in discrete time steps, i.e. at 5% load steps, 

interpolation must be performed, and such interpolated data must be used to feed the optimisation 

model to determine the optimal load share between the generators. By using such interpolated data, 

optimisation model can calculate the load share with higher precision, while for non-interpolated 

data load share could only be calculated in discrete 5% load steps. 

Interpolation is performed in MATLAB using spline interpolation as explained in [20]. For given 

set of n data points (xi, yi) where i=1,2,…, n, spline interpolation in MATLAB aims to find a 

polynomial function S(x) such that: 

( ) = =1 1,2,... ,S x y for i n , (1) 

Interpolated function S(x) can be mathematically represented as: 

( )

( )

( )
−−

 


 



 


  1

1 1 2

2 32

1

if

if

if
n nn

S x x x x

x x xS x

x x xS x

, (2) 

where: 

( ) ( ) ( ) ( )= − + − + − + = −
3 2

for 1,2,..., 1i i i i i i i iS x a x x b x x c x x d i n  (3) 

MATLAB selects the coefficients ai, bi, ci and di such that S(x) interpolates data points 

and satisfies the continuity of the first and second derivatives at each point xi.  
The required fuel consumption data for interpolation is obtained in discrete points and a 

mathematical spline function was used in MATLAB to interpolate and smooth the data points for all 

3 fuel types. Figure 2 show for HFO, Figure 3 for MDO and Figure 4 for LNG. 
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Figure 2. SFOC on HFO. 

 

Figure 3. SFOC on MDO. 

 

Figure 4. SFOC on LNG. 

With SFOC being interpolated, it can be fed into the optimization model. Optimization model is 

developed using MATLAB according to flow chart shown in Figure 5.  
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Figure 5. Optimization model flow chart. 

The objective function calculates the total fuel consumption based on previously interpolated 

SFOC functions for desired type of fuel and aims to minimize fuel consumption while meeting power 

demand. Constraints are also modelled to ensure that the total load does not exceed sum of rated 

engine powers connected on grid. Furthermore, load percentage per engine is bounded by lower and 

upper bounds, lb and ub, respectively. The optimization is performed using the fmincon function, 

seeking to minimize the total fuel consumption (TFC) while respecting the constraints, as described 

mathematically: 

( ) ( )

( )

 


 =

powerdemand

lb = 20 %min TFC poverdemand such that

90 %

lb ub

ub

, (4) 

Function starts with an initial guess of load allocation and iteratively updates it to minimize the 

TFC function while satisfying specified constraints and bounds. The algorithm continues refining the 

solution until convergence. Finally, the optimized values of load allocations for given power demand 

and number of engines is returned as a solution. Besides specific value of demanded power, model 

can calculate the optimal load allocations for range of power demands. In either case, model provides 
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the total fuel consumption for both the optimized generator load allocation and an equal load 

allocation scenario for comparison purposes. 

4. Results and Discussion 

An optimization example was created in MATLAB and presented with the different fuel types 

and different load’s requirements depending on the ship's operating modes. 

4.1. Heavy Fuel Oil (HFO) Optimization Example 

Figure 6 shows the fuel consumption for HFO of a power plant with an output of 25,000 kW to 

29,000 kW distributed over five engines, a range that is frequently used under normal ship operating 

conditions. It illustrates the difference in fuel consumption (kg/h) between two scenarios: 

1. Consumption at the same load (red bars): This is the case when power is evenly distributed 

across all engines. 

2. Optimized consumption (blue bars): This is the case when an optimization model recommends 

a specific distribution of power among the engines to achieve better fuel consumption. 

The x-axis shows the requested power in kW, ranging from 25,000 kW to 29,000 kW, with steps 

of 500 kW. The y-axis shows the total fuel consumption in kg/h. 

The measurements were carried out with a "145 PROFLOW Series “J” Vane meter " mass flow 

meter that had a valid calibration with the measurement accuracy within ±0.2%. 

From the graph the optimized consumption for each level of requested power always results in 

a lower fuel consumption compared to a uniform load distribution, except for a power of 27,500 kW, 

where the consumption is the same in both scenarios. This shows the effectiveness of the optimization 

model in reducing fuel consumption, which can lead to cost savings and potentially lower 

environmental impact. 

At an output of 25,000 kW, for example, the consumption at the same load is 5,484 kg/h, while 

the optimized consumption is significantly lower at around 5,260 kg/h, which means that 4.25% less 

fuel is consumed. 

At an output of 29,000 kW, the consumption at the same load is 6,307 kg/h, while the optimized 

consumption is 5,996 kg/h, which means 5.18% less consumption and shows consistent savings across 

the entire output range.  

The optimization seems to lead to better fuel economy, especially when the requested power 

increases, which is a valuable insight for operational planning and cost management. 

 

Figure 6. Comparative analysis of HFO consumption for the power range 25,000-29,000kW. 
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The 3D bar chart below in Figure 7 shows the percentage distribution of load across five engines 

in a power plant for a power range of 25,000 kW to 29,000 kW. This type of diagram is used to 

illustrate how the load is distributed across the individual engines at different requested total 

outputs. Each colored stack represents the percentage of load assigned to a particular engine at each 

level of total power requested. 

 

Figure 7. Load distribution (%) by engines for the power range 25,000 – 29,000kW. 

The Figures 8 and 9 show two bar graphs relating to operation specifically for a fixed total load 

to make a comparative analysis of fuel consumption for two scenario of load distributions (equal and 

according to optimization model). 

Two load cases were selected for the analysis, which occur most frequently in normal ship's 

operating modes. 

• load of 10,000 kW with two engines in use used mostly for port operation (loading unloading 

cargo) and 

• load of 23,000 kW with four engines in use used mostly for sea going (laden, ballast). 

The diagram on the left shows the number of engines used and the percentage utilization of each 

engine, while the diagram on the right compares fuel consumption (kg/h) between two engine load 

distribution scenarios: optimized and equal load. 

Figure 8 shows for a load of 10,000 kW with two engines used that the optimized consumption 

scenario consumes 2,119 kg/h of fuel, while the same load sharing consumption scenario consumes 

3.37% more, 2,193 kg/h of fuel, indicating that the optimized load sharing is more fuel efficient for 

the given total load of 10,000 kW, as it consumes less fuel to achieve the same power. 
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Figure 8. Load distribution between the engines and fuel consumption at 10,000 kW load demand. 

 

Figure 9. Load distribution between the engines and fuel consumption at 23,000 kW load demand. 

Figure 9 shows that the optimized consumption scenario consumes 4,723 kg/h of fuel for a load 

of 23,000 kW with four engines, while the same load sharing consumption scenario consumes 4.72% 

more, 4957 kg/h of fuel, indicating that the optimized load sharing is more fuel efficient for the given 

total load of 23,000 kW, as it consumes less fuel to achieve the same power. 

From the above diagrams, the efficiency of two different load balancing strategies for a given 

energy demands on a ship's LNG system is compared. From both scenarios (for a higher and a lower 

power demand of the ship LNG plants), it can be seen that the optimized distribution is more efficient 

in terms of fuel consumption than an equal distribution of the load among the engines. 

4.2. Marine Diesel Oil (MDO) Optimization Example 

Figure 10 compares two different strategies for fuel consumption, expressed in kg/h relative to 

the desired power ranges in kilowatts (kW). One strategy is uniform load consumption, represented 

by the red bars, which means that the PMS distributes the load evenly among the engines in the 

network. The other, represented by the blue bars, is an optimized consumption based on the 

suggestions of an optimization model for load distribution to the engines. 
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Figure 10. Comparative analysis of MDO consumption for the power range 25,000-29,000kW. 

Across all power levels, the optimized consumption is consistently lower than the consumption 

at the equal load. This indicates that the optimization model, as in the previous case (HFO), also has 

higher fuel efficiency with MDO fuel, which means that less fuel is consumed for the same power. 

The difference in consumption between the two strategies varies across the different power 

levels. At 25,500 kW, for example, the optimized consumption saves 196 kg/h compared to the 

consumption at the same load, or in other words, the optimized consumption is 3.57% lower 

compared to equal load. At higher outputs, such as 28,500 kW, the saving is reduced to 117 kg/h, 

which means that the optimized consumption is still almost 2% lower compared to equal load. It is 

noticeable that there is no difference in consumption between the two solutions for only two loads in 

the given comparison range (27,500kW and 29,000kW). As in the previous comparison case with 

HFO, the efficiency of the optimization model under different loads and with MDO fuel can also be 

concluded here. 

In addition, the 3D bar chart in Figure 11 shows the percentage distribution of the load across 

five engines in a power plant for a power range of 25,000 kW to 29,000 kW to illustrate how the load 

is distributed across the individual engines at different requested total outputs. 
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Figure 11. Load distribution (%) by engines for the power range 25,000 - 29,000kW. 

A comparative analysis of the required fixed power of the LNG plant was carried out by setting 

the load to 10,000 kW and to 23,000 kW. 

Figure 12 shows that at a load of 10,000 kW with two engines in operation, the scenario with 

optimized consumption consumes 2,152 kg/h of fuel, while the scenario with the same load 

distribution consumes slightly more, namely 2,235 kg/h of fuel. These results show that the 

consumption with equal load sharing is 3.85% higher than the optimized consumption. 

 

Figure 12. Load distribution between the engines and fuel consumption at 10,000 kW load demand. 

Figure 13 shows that at a load of 23,000 kW with four engines, the optimized consumption 

scenario consumes 4,811 kg/h of fuel, while the scenario with even load distribution consumes 

slightly more, namely 4,839 kg/h of fuel. This means that the consumption at equal load sharing is 

0.58% higher than the optimized consumption, indicating that the optimized load distribution is 
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more fuel efficient for the given total load of 23,000 kW, as it consumes less fuel to achieve the same 

power.  

 

Figure 13. Load distribution between the engines and fuel consumption at 23,000 kW load demand. 

As in the previous case with HFO, it can be concluded from the above graphs where MDO fuel 

was used that the efficiency of two different load balancing strategies for a given load demand 

indicates that the optimized load balancing for the given total load is more fuel efficient in both 

analysis cases (10,000 kW and 23,000 kW) as it consumes less fuel to achieve the same performance. 

4.3. Liquefied Natural Gas (LNG) Optimization Example 

A comparative analysis of consumption for the same power range was carried out for 

consumption with LNG fuel as in the two previous analyzes to determine the effectiveness of the 

optimization model for this type of fuel as well. 

To facilitate comparison with other fuels, the LNG consumption was recalculated, and the final 

value was given in g/kWh. The gas density and net calorific value data are taken from the LNG 

specification as indicated below: 

• Standard density of gas - 0.7740 kg/m3 

• NCV (net calorific value) of natural gas (volume) – 37.874 MJ/m3 

The measurements were carried out with a "Promass 80" mass flow meter, which at the time of 

measurement had a valid calibration certificate with tolerance within ±0.1%. 

As in the two previous comparative cases with HFO and MDO fuel, the efficiency of the 

optimization model can also be determined in the case of using LNG fuel under different loads and 

with two scenarios of power distribution between the engines.  

In this case, (Figure 14) the largest savings are recorded at the lower (25,000 kW – 26,000 kW) 

and higher load (28,000 kW – 29,000 kW) of the given power range, while at the medium load (27,000 

kW) the consumption is similar for both scenarios of the load distribution between the engines. 

The biggest difference in this power range occurs at a load of 29,000 kW, where the optimized 

consumption (5,017 kg/h) consumes 2.94% less fuel compared to the consumption at the equal load 

(4,869 kg/h). 
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Figure 14. Comparative analysis of LNG consumption for the power range 25,000-29,000 kW. 

The percentage distribution of the load on the individual engines in the power range from 25,000 

kW to 29,000 kW with LNG fuel is shown in the 3D bar chart below (Figure 15). 

 

Figure 15. Load distribution (%) by engines for the power range 25,000-29,000kW. 

In order to perform a comparative evaluation of fuel consumption for the fixed required power 

of the LNG plant with LNG fuel as in previous examples (HFO and MGO fuel), we will set identical 

load parameters at 10,000 kW and 23,000 kW for the analysis.  

In Figure 16, with a load of 10,000 kW and the use of two engines, it can be seen that the scenario 

with optimized consumption consumes 1,721 kg/h of fuel, while the scenario with the equal load 

sharing consumption consumes slightly more, namely 1,756 kg/h of fuel. This shows that the 

optimized load distribution is more fuel efficient for the given total load of 10,000 kW, as it consumes 

almost 2% less fuel to achieve the same power. 
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Figure 16. Load distribution between the engines and fuel consumption at 10,000 kW load demand. 

Figure 17 shows that with a load of 23,000 kW and four engines in use, the optimized 

consumption scenario consumes 3,872 kg/h of fuel, while the scenario with the equal load sharing 

consumption consumes slightly more, namely 3,988 kg/h of fuel. This shows that the optimized load 

distribution is more fuel efficient for the given total load of 23,000 kW, as it consumes 2.90% less fuel 

to achieve the same power. 

 

Figure 17. Load distribution between the engines and fuel consumption at 23,000 kW load demand. 

As in the previous case with HFO and MGO, can be conclude from the above graphs where is 

used LNG fuel that the efficiency of two different load balancing strategies for a given load demand 

indicates that the optimized load balancing for the given total load is more fuel efficient in both 

analysis cases (10,000 kW and 23,000 kW) as it consumes less fuel to achieve the same performance. 

5. Conclusion 

A comprehensive study on optimizing fuel consumption by controlling the load distribution of 

a single DFDE engine in an LNG ship propulsion system shows significant progress in improving 

the operational efficiency and environmental performance of marine propulsion systems. The study 

demonstrates the potential of the optimization model in reducing fuel consumption and thus 
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pollutant emissions in different operating scenarios. By carefully analyzing power requirements and 

integrating a more dynamic load balancing strategy, the paper not only adheres to but also advocates 

the broader industry targets set by the EEXI and CII regulations. 

The findings of this paper demonstrate the importance of moving away from traditional 

methods of load balancing, which, while reliable, are not always fuel or environmentally efficient. By 

tailoring the load to the individual engine, supported by empirical data, it provides a tailored 

approach that ensures each engine operates close to its optimum efficiency point, reducing 

unnecessary fuel consumption and therefore harmful emissions. 

This work makes a dual contribution: it provides a practical framework for the implementation 

of advanced energy management systems on LNG ships and sets a benchmark for future research in 

both optimizing ship energy in the form of fuel consumption and reducing pollutant emissions by 

improving the model presented in this thesis. 

As the maritime industry continues to evolve under increasing environmental scrutiny, the 

findings of this study will be invaluable in guiding future innovation towards more sustainable and 

efficient maritime operations. 
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