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Abstract	

In	order	to	more	effectively	analyze	the	causes	of	the	impact	of	the	ship’s	EEOI	(Energy	
Efficiency	Operation	 Index),	 this	article	 takes	oil	 tankers	with	a	certain	weight	as	 the	
research	object	and	uses	the	theory	of	the	influence	factors	of	the	ship’s	energy	efficiency	
operation	 index	 to	 analyze	 the	 oil	 tanker’s	 straight‐line	 sailing	 process	 in	 sea	
waves.determine	the	causes	and	arbitrary	factors	of	the	various	impacts	suffered;	then	
use	 the	 relevant	 computer	 software	 to	 simulate	 and	 analyze	 the	 oil	 tanker	 as	 the	
research	 object,	 so	 as	 to	 obtain	 the	 energy	 efficiency	 operation	 index	 over	 time	
Schematic	diagram	of	the	fluctuating	curve,	based	on	Therefore,	the	specific	research	on	
the	 impact	 of	 wave	 height,	 main	 engine	 speed,	 and	 ship	 speed	 with	 certain	
characteristics	of	ocean	waves	on	the	energy	efficiency	operation	index	is	carried	out.	
The	research	results	show	that	the	number	of	random	samples	at	the	same	time	point	
and	the	characteristic	wave	height	is	not	large.	There	will	be	more	occurrences,	and	the	
ship	energy	efficiency	operation	index	curve	will	show	a	more	stable	trend;	reducing	the	
speed	of	the	ship’s	main	engine	can	promote	the	decline	of	the	ship’s	energy	efficiency	
operation	index.	In	addition,	the	use	of	such	methods	to	achieve	the	purpose	of	reducing	
the	 effect	 will	 also	 It	 will	 decrease	 as	 the	 wave	 height	 increases	 with	 different	
characteristics	 of	 the	 waves.	 Therefore,	 the	 use	 of	 this	 method	 to	 formulate	 the	
implementation	plan	of	energy	efficiency	management	for	oil	tankers	with	a	certain	load	
has	important	reference	significance.	
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1. Introduction 

Global climate change, environmental protection laws to promote low-carbon economic development, 
high oil prices to promote business model innovation, intensified industry competition and 
strengthening cost control in various industries, etc., all these aspects will become the direct or 
indirect background and reasons for ship energy saving and emission reduction. During the 
transportation of petroleum, ships will not only consume a lot of energy, but also produce more 
greenhouse gases that directly cause atmospheric pollution. Therefore, the current World 
Environmental Protection Organization and environmental protection associations of various 
countries are jointly discussing strengthening the energy-saving and emission reduction of ships in 
all countries as one of the most important options for alleviating the pressure on the energy 
environment. MEPC (Marine Environmental Protection Committee of the International Maritime 
Organization) clarifies relevant requirements for the relevant application of ship EEOI in normal 
operation. In other words, it uses the ship efficiency operation index to scientifically determine 
whether the ship’s carbon dioxide emissions during the formal operation process meet the standards. 
Evaluation [1]. 
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2. The Theory of Influencing Factors of Ship EEOI 

2.1 EEOI Definition 

EEOI is the amount of carbon dioxide consumed per ton of cargo per sea. For a single ship in voyage, 
the biggest difficulty in analyzing its voyage is the variables that affect energy efficiency changes. 
These variables are usually not easy to repeat, such as sea conditions, nautical routes, and 
displacement [2]. Therefore, this article chooses the method, and then applies relevant software 
simulation measures to analyze the energy efficiency of a single voyage ship, which is a very effective 
research form. 

2.2 Theories of Influencing Factors of Ship EEOI. 

According to the "Guidelines for Voluntary Ship Energy Efficiency Operation (EEOI)", the table that 
can be obtained for EEOI is [3]: 

 

EEOI
∑

                                        (1) 

 

In the formula (1), the meaning of each letter symbol is shown in Table 1. 

 

Table 1. The meaning of each letter symbol 

Nmble Smbol Representation 

1 j Fuel type 

2 FCj The amount of fuel consumed by a certain type of voyage 

3 CFj 
A conversion factor, that is, the conversion between the consumption of fuel type and 

the amount of carbon dioxide 

4 mcargo 
On behalf of cargo, the cargo mainly refers to the weight of the cargo loaded on the 

cargo ship or the work done or gross tonnage, and the work done mainly refers to the 
number of passengers or TEUs. 

5 D Corresponding to the loaded goods or the distance of work done 

Remarks: The research object of this article is about 46,000 tons of product oil tankers 

 

From the formula (1), it can be observed that the ship energy efficiency utilization index belongs to 
a multi-faceted comprehensive data. Its calculation parameters are mainly composed of two big data, 
namely the ship operation data and the ship's own data. The former is mainly composed of various 
types of fuel on the ship. Consumption quantity, carbon dioxide emission factor and other information 
constitute; the latter mainly constitutes information such as the weight of cargo carried on the ship 
and the data of the distance traveled by the ship [3]. 

3. Factors Affecting Ship EEOI 

The relevant parameters of the research object are shown in Table 2. 
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Table 2. Research object related parameter settings 

Nmble parameter name parameter unit Remark 

1 Product tanker 5 Ten thousand 
tons 

Located in the infinite navigation 
zone 

2 captain 183 m Large light tanker 

3 Draft 12.2 m Dsign 

4 main engine rated 
power 

11904 KW  

5 Rated speed 125 r/min Excluding 5% error in bench test 

6 Fuel consumption rate 167 g/(kw∙h) Fixed pitch propeller 

 

According to previous literature, the deterministic factors and random factors that affect the energy 
efficiency operation index of ships are separated and then the relevant data model is established. The 
main factors affecting the energy efficiency operation index of ships are shown in Figure 1. 

 

 
Figure 1. Main factors affecting ship EEOI 

 

The construction of the ship energy efficiency system is based on the following assumptions. 

(1) After selecting the voyage range of a ship, the statistical characteristics of sea conditions and 
waves usually remain unchanged and remain unchanged; 

(2) The ship is not subject to horizontal sway and vertical oscillations caused by waves, etc. Consider, 
only consider the ship moving in a straight line at a constant speed; 

(3) Regarding the air resistance as part of the static water resistance, the impact of the wind speed 
encountered by the ship during the navigation process on the ship is not considered [4]. 

For a ship that has passed the determination, the impact of its energy efficiency operation level during 
the normal navigation process mainly includes the following three reasons: 

(1) Reasons for the ship itself: Because of the difference in the amount of cargo loaded, there are 
many differences in the ship itself, such as the shape change under the water level, the operation 
process, etc., and these differences will affect the normal navigation of the ship during the navigation 
process. Timely energy efficiency has an impact on the operating level. 

(2) Causes of sea conditions: such as the height of the waves, the length of the waves, etc. 

(3) Human operation reasons: related parameter settings, such as route path and direction, and ship 
main engine speed, etc.[4]. 
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Based on the above reasons, the ship EEOI system is simulated and analyzed through Fluent software. 

 

 
Figure 2. Schematic diagram of ship energy efficiency simulation 

4. Simulation Analysis 

4.1 Variation Characteristics of the Operating Index of Each Characteristic Wave Height 

In order to conduct a quantitative study on the convergence speed of the ship energy efficiency 
operation index curve, the speed is set to be 120 revolutions per minute, and the cross-sectional 
sample set is taken between 200 and 8000 steps, and the variance is also obtained. The obtained data 
makes this variance curve change graph, but to meet a condition, it must be below the characteristic 
wave height. 
 

 
Figure 3. Schematic diagram of the variation of the variance curve of the cross-sectional sample set 
 

The ship energy efficiency operation index curve obtained from the simulation of each characteristic 
wave height is analyzed. With the increase of the wave height, the convergence speed of the ship 
energy efficiency operation index curve is continuously decreasing. After a certain period of 
simulation, the ship energy efficiency operation index curve will produce a relatively stable value. 
When the characteristic wave reaches a height of 5m, the simulation step between approximately 
4000 and 8000 will form a stable variance period; when the characteristic wave reaches a height of 
4.5m, the variance stability period will also appear, but the simulation step length is advanced to 1500 
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Between to 3000. When the eigenwave height is between 2.5m and 1.88m, their variance curves tend 
to be flat, although when the eigenwave height is 2.5m, the simulation step length is between 200 and 
3000, which shows a decreasing trend, but the overall decrease The spoke is still relatively small, and 
it can be considered stable after 1000 steps. 

The reason for this phenomenon: Although the disturbance of the model belongs to arbitrary wave 
resistance, any wave resistance has certain statistical characteristics in the overall data. If the arbitrary 
wave resistance is large enough, the statistical characteristics of the random sample will be the same 
as the probability model number. The features are closer. Therefore, although there are differences in 
the ship energy efficiency operation index curves formed by each simulation, they all have a trend of 
convergence. 

Because the characteristic wave height is different, the wave period is also very different, so within 
the same simulation time point, the simulation model has a difference in the number of arbitrary wave 
samples. In the same time, when the characteristic wave height is not large, the number of random 
samples will occur more. The operating efficiency index curve appears to be more stable. Therefore, 
when the ship’s formal navigation measures remain unchanged and the sea conditions are relatively 
stable, the calculation of the ship energy efficiency operation index value within a certain period of 
time can be used to calculate the ship energy efficiency operation index under the current navigation 
method.[5]. 

4.2  Analysis of the Effect of Characteristic Wave Height on Ship Operation Efficiency Index 

Generally speaking, the parameters of sea conditions are reflected by the characteristic wave height. 
Therefore, the characteristic wave height plays a very important role in the energy efficiency 
operation index of the ship. As a result, the ship's energy efficiency operation index has been reduced; 
in the process of sailing against the waves, it will definitely encounter a lot of wave resistance, so that 
the ship's energy efficiency operation index will be improved [5]. Table 3 is a schematic diagram of 
the fluctuation curve of the energy efficiency operation index of ships with different speeds along 
with the characteristic wave height. 
 

Table 3. The energy efficiency operation index of each main engine speed of the ship changes with 
the characteristic wave height 

Characteristic wave 

height

Main engine speed 

1.5 3.0 4.5 5.00 

110 6.4 6.6 7.3 8.7 

115 7.9 8.3 8.5 9.1 

120 9.0 9.3 9.5 9.9 

125 10.1 10.2 10.4 10.8 

 

It can be observed from Table 3 that as the characteristic wave height continues to increase, the ship 
energy efficiency operation index will also increase. When the speed n reaches 120 revolutions per 
minute, when the characteristic wave height is less than 3.0, the ship energy efficiency operation 
index increases slowly; if the characteristic wave height exceeds 3.0, the ship energy efficiency 
operation index is in direct proportion to the characteristic wave height, that is, The wave height has 
increased and the energy efficiency operation index has increased rapidly. If the speed is between 115 
and 125revolutions per minute, when the characteristic wave height is greater than 4m, the ship's 
energy efficiency operation index will increase faster. When the speed slows down, the influence of 
the wave height of the wave characteristics on the ship energy efficiency operation index is compared 
with that when the speed is faster, and the influence is significantly increased; when the main engine 
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speed is close to the rated speed, the increase of the characteristic wave height has an effect on the 
ship energy efficiency operation index Has little effect. 

Although the characteristic wave height has a significant impact on the ship's energy efficiency 
operation index when the main engine speed slows down, it can be observed from Figure 5 that 
reducing the speed can very effectively promote the decline of the ship's energy efficiency operation 
index. The difference is that when the characteristic wave height is low, slowing down the speed has 
a significant effect on the decline of the ship's energy efficiency operation index. When the 
characteristic wave is as high as 1.88m, the drop from the rated speed of 125revolutions per minute 
to 110evolutions per minute can reduce the ship's energy efficiency operation index by nearly 30%; 
if the characteristic wave reaches 4.5m the rated speed can also be reduced, then The ship energy 
efficiency operation index dropped by about 6% [6]. 

4.3 The Ship Operating Efficiency Index is Affected by the Drop of Ship Speed 

If the method of lowering the ship speed is used to reduce the energy efficiency operation index, the 
ship schedule will be prolonged. Assuming that a certain voyage has a voyage of 2000n miles, a 
product oil tanker sailing at different speeds will have different time voyages. Some voyages are early 
and some are late. Figure 6 is a schematic diagram of the change curve of the voyage period and the 
ship energy efficiency operation index under different sea conditions. 
 

 
Figure 4. Schematic diagram of variation curve of ship energy efficiency operation index with 

characteristic wave height of 1.5m 
 

 
Figure 5. Schematic diagram of variation curve of ship energy efficiency operation index with 

characteristic wave height of 3.0m 
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Figure 6. Schematic diagram of variation curve of ship energy efficiency operation index with 

characteristic wave height of 4.5m 

 

From Figure4-6, , it can be seen that when the characteristic wave height is 1.5m, the ship will sail at 
a reduced speed, which can make the ship's energy efficiency operation index drop significantly, 
resulting in only one day of prolongation; while the wave heights are 3.0m and 4.5 m respectively, 
the curve In the first paragraph, the voyage period is always 11.8 days shorter, that is, before 11.8 
days. At this time, extending the voyage period can significantly reduce the energy efficiency 
operation index of the ship; in the second paragraph, after 11.8 days, the voyage period is extended 
to the ship energy efficiency operation index. The reduction effect is not very significant. If the wave 
height is 3.0m under sea conditions, the voyage period will be extended by 1 day, but at this time the 
ship energy efficiency operation index only drop0.6 10-6. 

In reality, Figure 4-6 can only provide a comprehensive voyage and serve as a basis for evaluating 
ship energy efficiency operation index. Operators determine which operating method to use based on 
the relationship between the ship's energy efficiency operating index during the voyage and the actual 
characteristics of the cargo being transported. For example, whether the priority is to reduce the 
energy efficiency operation index of ships, or to guarantee the voyage period [6]. 

5. Conclusion 

Ship EEOI is a standard for measuring the energy efficiency of ships launched by the International 
Maritime Organization. This paper is based on the theory of ship EEOI influencing factors, and based 
on the Monte Carlo method, it focuses on the characteristics of the change characteristics of the 
energy efficiency operation index of each characteristic wave, the effect of the ship energy efficiency 
operation index on the characteristic wave height, and the impact of the ship energy efficiency 
operation index on the ship’s speed drop. EEOI simulation for research. The research results show 
that the characteristic wave height, main engine speed, and ship speed all have a greater impact on 
the energy efficiency operation index of ships. When the characteristic wave is as high as 4m and 5m, 
the average wave period is approximately 7.7s and 8.6s respectively, so. 

In the same time, when the characteristic wave height is not large, the number of random sampling 
will occur more, and the ship energy efficiency operation index curve will show more stability; 
lowering the engine speed can also achieve the performance of the ship energy efficiency operation 
index. The purpose of reduction, however, is that the reduction effect is inversely proportional to the 
characteristic wave height of sea waves, that is, as the wave height increases, the ship's energy 
efficiency operation index decreases. When the characteristic wave height is 1.5m, the ship will 
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reduce its speed to sail, which can make the ship's energy efficiency operation index drop significantly, 
resulting in only one day's prolongation of the voyage; while the wave heights are respectively 3.0m 
and 4.5 m, the curve is divided into 2 sections, and the first part belongs to the voyage period. It has 
been less than 11.8 days, that is, before 11.8 days. At this time, extending the voyage period can 
significantly reduce the energy efficiency operation index of the ship; in the second stage after 11.8 
days, the effect of the extension of the voyage period on the energy efficiency operation index of the 
ship is not very significant. In addition, the 2000-n-mile ship voyage is taken as a case, and the 
relationship curve between the change in the voyage period due to the slowdown of the main engine 
and the ship's energy efficiency operation index is also provided. This change curve can be used as a 
ship operation manager and leader. One of the most important basis for navigation decisions. 
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