
Journal of Advanced Marine Engineering and Technology, Vol. 46, No. 1, pp. 47~55, 2022 ISSN 2234-7925 (Print) 
J. Advanced Marine Engineering and Technology (JAMET) ISSN 2765-4796 (Online) 
https://doi.org/10.5916/jamet.2022.46.1.47 Original Paper 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0), which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Copyright ⓒ The Korean Society of Marine Engineering 

Analysis of effects of and potential improvements for 

vessel speed reduction program 

Moon-Gyo Cho1ㆍ Ji-Woong Lee† 

(Received January 23, 2022； Revised February 3, 2022；Accepted February 14, 2022) 

Abstract: Air pollution has become an important challenge worldwide over the few decades owing to rapid urbanization and industri-

alization. Among the various sources of measured emissions, the proportion of air pollutants from oceangoing vessels is increasing. In 

response, the Ministry of Oceans and Fisheries introduced the Vessel Speed Reduction (VSR) program in December of 2019. In this 

study, we used actual operational records from a 4,600 TEU container vessel to calculate its total emissions on its journey from the 

Port of Busan to the Port of Tacoma in the US and then compared the emissions generated in four scenarios to determine the optimal 

operating conditions. Among air pollutants, emissions were calculated only for TSP, PM10, PM2.5, NMVOCs, and CO, which are 

typically related to the occurrence of fine dust. To simplify our analysis, operating records from the same conditions as the 4,600 TEU 

container ship were applied to the 10,000 TEU container vessel and 7,500 CEU Pure Car and Truck Carrier (PCTC) to calculate 

emissions. A bottom-up approach was adopted and air pollutant emissions from the operational scenarios compared according to the 

results of calculations. Optimal results were not obtained in all scenarios when the speed suggested by the VSR program was applied. 

This is because of a speed decrease in the maneuvering mode caused by a fixed operating time of 505.5 h, resulting in an increase in 

speed in the cruising mode. Based on these results, improvement measures are proposed to reduce air pollutant emissions from ships. 
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1. Introduction
Air pollution has become a critical challenge worldwide based 

on rapid urbanization and industrialization. According to a recent 

disease study, approximately 6.1 million early deaths occurred 

worldwide in 2016, of which 4.1 million were attributed to air 

pollutants [1]. Exposure to air pollutants in numerous epidemio-

logical scenarios leads to adverse health effects such as cardio-

vascular and respiratory problems, which can cause early death [2]. 

Air pollutant emissions in Korea have been calculated using 

the Clean Air Policy Support System (CAPSS) and the emissions 

of seven air pollutants (CO, NOx, SOx, TSP, PM10, VOCs, and 

NH3) have been calculated since 1999. PM2.5 was added in 2011 

and BC emissions have been included since 2014 [3]. The 

CAPSS is a comprehensive air quality management system based 

on a list of air pollutants and provides information services for 

implementing policies such as measures to improve the air envi-

ronment in the Seoul metropolitan area, a total air pollution 

control system, and the efficiency evaluation of air conservation 

policies by local governments through the systematic collection 

and management of basic data [4]. The ratio of air pollutants re-

sulting from marine vessels is increasing based on the continued 

usage of old ships and low-quality fuels. The emissions of sulfur 

oxide from a container ship are equal to those of 50 million pas-

senger cars and the amount of generated ultrafine dust corre-

sponds to that of 500,000 trucks, indicating that such vessels have 

a significant impact on environmental issues [5]-[7]. In response, 

the Ministry of Environment implemented the Special Act on 

Fine Dust Reduction and Management on February 15, 2019 for 

full-scale countermeasures and comprehensive management of 

fine dust problems. The Ministry of Oceans and Fisheries intro-

duced the Vessel Speed Reduction (VSR) Program, which fo-

cuses on ports with many incoming ships in Busan, Ulsan, Yeosu, 

Gwang-yang, and Incheon, in December of 2019 [8][9]. The 

range of the defined low-speed operation areas is 20 nautical 
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miles starting from certain lighthouses in the ports. Additionally, 

ships participating in the VSR program are granted exemption 

from entry and exit fees, which account for the highest proportion 

of port facility usage fees. A reduction rate of up to 30% is ap-

plied for container vessels with a high entry speed and up to 15% 

for other ships. 

A previous study and policy for managing air pollution sources 

generated by ships focused on defining ship speeds at ports [10]-

[13], but using this method can lead to an increase in the speed 

of the cruising mode, potentially increasing emissions. There-

fore, in this study, optimal operating conditions that can mini-

mize air pollutant emissions were simulated by modifying the 

operating conditions of various ships. Therefore, the effects of 

the VSR program were analyzed and optimal operating condi-

tions were determined.  

2. Methodology
2.1 Method for calculating emissions 

To calculate the emissions of air pollutants generated by ves-

sels, a methodology for calculating bottom-up emissions was 

adopted in this study. This methodology is suitable when detailed 

operational information on vessels is available and because the 

actual operation of individual vessels is considered, the emis-

sions for those vessels can be calculated more accurately. Con-

tainer vessels and car carriers were selected as the target ships for 

calculating emissions in this study. This is because the number of 

such vessels entering and leaving the ports where the VSR pro-

gram is implemented as well as their participation rate in the pro-

gram are both high [8]. 

The first step is the analysis of the ship specifications. By us-

ing a vessel’s FAT report, the function of the correlation between 

the power, speed, load, and fuel consumption of the main engine 

can be determined. The correlation between the power (kW) and 

speed (knots) of the main engine is derived using Equation (1). 

According to the load diagram of the main engine, the relation-

ship between the load (%) and speed (%) is presented in Equa-

tion (2). The change function of the SFOC (g/kWh) according to 

the load (%) change is defined in Equation (3). Equation (1), 

(2) and (3) are shown in Figures 1, 2 and 3, respectively.  

Power (kW) vs. Speed (knot)  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∶  ∫(𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = 𝑎𝑎1 𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝3 + 𝑏𝑏1𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝑐𝑐1𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 +

𝑆𝑆1 (1) 

Load (%) vs. Speed (%) ∶ 

Speed ∶  ∫(𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙) = 𝑎𝑎2 𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙3 + 𝑏𝑏2𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙2 + 𝑐𝑐2𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙 + 𝑆𝑆2 (2) 

Load (%) vs. SFOC (𝑔𝑔 𝑘𝑘𝑘𝑘ℎ) ⁄ :  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ∶  ∫(𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙) = 𝑎𝑎3 𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙3 + 𝑏𝑏3𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙2 + 𝑐𝑐3𝑥𝑥𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙 + 𝑆𝑆3 (3) 

Figures 1 and 2 show the state that the y-axis also decreases 

with the decrease in the x-axis, but Figure 3 shows the charac-

teristics of increasing the y-axis when the load is lower than 80%. 

Figure 1: Engine speed/power curve 

Figure 2: Engine speed/load curve 

Figure 3: Engine load/SFOC curve 

The following equations define the load, power, SFOC, and 

sailing time as steps in deriving the items required to calculate 

the emissions discharged under actual navigation conditions 

(Equations (4), (5), (6), and (7), respectively). 
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Calculate the load during actual sailing (%) and substitute x 

into Equation (2). 

x = 𝑆𝑆𝑝𝑝𝑝𝑝𝑙𝑙𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟 𝑝𝑝𝑙𝑙𝑟𝑟𝑝𝑝 = 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀

     (4) 

Calculate the power during actual sailing (kW). 

𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑃𝑃𝑝𝑝𝑝𝑝𝑙𝑙𝑙𝑙 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀 × (4)     (5) 

Calculate the SFOC during actual sailing (g/kWh) substitute x 

into Equation (3). 

x = 𝐿𝐿𝑃𝑃𝑎𝑎𝑆𝑆𝑝𝑝𝑝𝑝𝑙𝑙𝑙𝑙  (6) 

Calculate the actual sailing hours (h). 

𝑇𝑇𝑝𝑝𝑝𝑝𝑙𝑙𝑙𝑙 = 𝐷𝐷𝑟𝑟𝑙𝑙𝐷𝐷𝑟𝑟𝑙𝑙𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

 (7) 

The values of Equations (4), (5), (6), (7), and the EF are used 

to calculate the final emissions of air pollutants. 

Each pollutant = (4) × (5) × (6) × (7) × EF                    (8) 

Figure 4: Engine speed/power curve of each ship 

Figure 5: Engine speed/load curve of each ship 

Figure 6: Engine load/SFOC curve of each ship 

Figures 4-6 present the correlations between the load, power, 

SFOC, and speed, which represent the characteristics of each 

ship. 

2.2 Selection of emission factors 
In this study, we focused on fine dust to determine the effects 

of the implementation of the VSR program. Fine dust is released 

as a mixture of solid and liquid particles into the air and is chem-

ically or naturally produced. For PM2.5, a considerable amount of 

precursors such as SOx and NOx react under certain conditions in 

the atmosphere, resulting in secondary production. However, the 

process of converting precursors from ships, excluding the EF of 

SOx and NOx, is unclear [14].

Among the EEA, EPA, and SMED, which provide EF values, 

only the EEA and SMED provide EF values for PM2.5 and TSP. 

The approach proposed by the EEA for estimating emissions is 

divided into phases. The EF provided by the EEA was selected 

because the information considered for calculating emissions us-

ing Tier 3 can achieve relatively accurate results compared to the 

data released by other institutions. We also wish to improve the 

accuracy of calculated results using the SFOC data. Table 1 lists 

the EF values used to calculate the final emissions of air pollu-

tants [15]-[18]. 

Table 1: Tier 3 EF for NMVOC, TSP, PM10, PM2.5, and CO for 

different engine types/fuel combinations and vessel trip phases 

(Unit: kg/ton) 

Engine Type Phase Fuel type 

N 
M 
V 
O 
C 

TSP 
PM10 
PM2.5 

CO 

Main 
Engine 

Slow 
speed 
diesel 

Cruising 
BFO 3.0 8.7 7.4 

MDO/ 
MGO 3.2 1.6 7.4 
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Maneuve-
ring 

BFO 8.2 11.2 7.4 
MDO/ 
MGO 8.6 4.4 7.4 

3. Composition of Target Scenarios
3.1 Specifications of target vessels 

In this study, three vessels were evaluated according to their 

operational records and commissioning reports, and the specifi-

cations of each vessel are provided in the table below. 

Table 2: Specifications of target vessels 

Description Specification 

Type of ship 
4,571 TEU 
container 

10,000 TEU 
container 

7,500 CEU 
PCTC 

Gross tonnage 52,581 M/T 64,827 M/T 31,653 M/T 
Speed Ballast 25.9 knots 28.3 knots 20.9 knots 

Main 
Engine 

Spec. 8-FLEX 96C 12-FLEX 96C 7S60ME-C8.5 
MCR 45,746 kW 69,618 kW 13,363 kW 
NCR 38,884 kW 62,656 kW 12,143 kW 
SFOC 
(MCR) 

168.8 g/kWh 177.0 g/kWh 175.3 g/kWh 

3.2 Determining route and fixation values 
The target route was established by considering the operational 

data of 4,571 TEU container ships to calculate emissions. In par-

ticular, the routes of the Republic of Korea and United States, 

which implement the VSR program, were considered, and the 

distances and fuel consumption of each route are presented in 

Figure 7.  

Figure 7: Ship routes used for emissions calculations 

At Busan port, the section in which the maneuvering mode was 

applied was 20.0 NM and the section in which the cruising mode 

was applied was 4,644.0 NM. The sections in which these modes 

were applied at the port of Tacoma were 92.0 and 89.0 NM, re-

spectively. Currently, the New York and New Jersey Clean Ship 

Incentive Program and San Diego’s VSR zone are designated as 

20.0 NM, but an actual reduction in speed from approximately 

90.0 NM is intended to protect dolphins. The EF was applied to 

the maneuvering mode at both ports based on MDO/MGO and 

BFO data collected in the cruising mode. 

These data do not include the amount of air pollutant emissions 

generated during berthing. The total operating time was fixed at 

505.5 h, which accounts for the scenario in which ship speed in-

creases in cruise mode in preparation for the reduction of ship 

speed under the VSR program at the times of entry and departure.  

3.3 Selection of ship operating scenarios 
After calculating emissions based on actual operation data, 

changes in emissions were compared by changing the line speed 

for each operation section. The scenarios used to compare gener-

ated air pollutant emissions are listed in Table 2. The results were 

calculated by applying a consistent speed of 12.0 knots, which is 

the speed limit for container ships recommended by the VSR pro-

gram, in Case 2. Case 3 was defined by applying a speed of 12.0 

knots at the Busan and Tacoma ports, and Case 4 was defined by 

increasing the speed of the line at Busan to 15.0 knots. Cases 1 

to 4 have a total sailing time of 505.5 h. Case 5 applies a speed 

of 12.0 knots at the Busan and Tacoma ports, but in the cruising 

mode, it applies a speed based on 80% of the engine load, which 

is the NCR point with the highest fuel consumption efficiency 

according to the characteristics of the main engine. 

Table 3: Scenarios for data calculation 

Scenario 
Description 

BUS Cruising TIW 
Total navi-
gation hour 

Case 1 
(Reference) 

14.0 knots 19.0 knots 14.0 knots 

505.5 h Case 2 12.0 knots 19.0 knots 14.0 knots 
Case 3 12.0 knots 19.1 knots 12.0 knots 
Case 4 15.0 knots 19.0 knots 14.0 knots 

Case 5 12.0 knots 

Maximum  
efficiency 
point of 
SFOC 

12.0 knots 

Navigation 
hours accord-
ing to maxi-
mum effi-

ciency point 
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4. Results and Discussion
We calculated the emissions for each scenario for the three 

ships and compared them to derive meaningful results. We refer 

readers to the FAT and sea trial reports for the data required to 

calculate the emissions for each vessel. 

4.1 Calculation results for a 4,600 TEU container vessel 

The results of the calculation of air pollutant emissions for 

each scenario are presented in Figures 8-11. For Case 5, with the 

SFOC optimality points in cruising mode, a speed of 23.9 knots, 

80.0% engine load, and 408.1 sailing hours were applied. 

1) Figure 7 presents the calculation results for TSP, PM10, and 

PM2.5 emissions. When calculating emissions for each sec-

tion, it was determined that when a speed of 12.0 knots was 

applied from the BUS, emissions decreased by 28.5 and

37.3% compared to when speeds of 14.0 knots or 15.0 knots 

were applied, respectively. However, when annual emis-

sions are calculated based on the entire section, one can see

in Figure 10 that the smallest amount of emissions oc-

curred for Case 1, where a speed of 14 knots was applied

within the port. This is because the speed is reduced to 12.0 

knots off the coast. Therefore, the speed increased in the

cruising mode to meet the limited sailing schedule of 505.5 

h. Additionally, the largest amount of air pollutants were

emitted when the vessel was operated at 12.0 knots within 

Busan port and 14.0 knots within Tacoma port. The differ-

ence between the maximum and minimum emission levels 

is 1,368.0 kg per year. In Case 5, the SFOC maximum effi-

ciency points produced 454,325.0 kg of emissions per year, 

representing an increase of 46.8% compared to Case 1. 

2) Figure 9, which presents the results of the NMVOC calcu-

lation of emissions by section, reveals that applying a speed

of 12.0 knots at the BUS reduced emissions by 28.5 and

37.3% compared to applying speeds of 14.0 knots or 15

knots, respectively. Regarding the annual emissions gener-

ated throughout the entire section, 85,788.0 kg were gener-

ated annually in Case 3 with a speed of 12.0 knots applied

in the maneuvering mode. In Case 2, 86,659.0 kg of emis-

sions were discharged annually, representing an increase of

only 1% compared to that in Case 3, which generated the

lowest amount of emissions.

3) Figure 10 presents the emission calculation results for each

CO section. Applying a speed of 12.0 knots in the BUS yielded

Figure 8: TSP, PM10, and PM2.5 emissions by section (4,600 TEU) 

Figure 9: NMVOC emissions by section (4,600 TEU) 

Figure 10: CO emissions by section (4,600 TEU) 

Figure 11: Annual air pollutant emissions (4,600 TEU) 
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emission reductions of 8.6 and 12.8 kg compared to the ap-

plication of 14.0 or 15.0 knots. However, when performing 

calculations based on the entire section, the smallest emis-

sions occurred in Case 1 with a speed of 14.0 knots applied 

in the maneuvering mode and the largest in Case 2 with a 

speed of 14.0 knots in the TIW and 12.0 knots at the BUS. 

4.2 Calculation results for a 10,000 TEU container vessel 
Figures 12-15 present the results of calculating the emissions 

for each air pollutant for the 10,000 TEU container vessel. For 

Case 5 with SFOC optimality points in cruising mode, a speed of 

27.3 knots, 80.0% engine load, and 359.0 sailing hours were ap-

plied. 

1) Figure 12 presents the results of calculating the emissions

of TSP, PM10, and PM2.5. When calculating the emissions

for each section, it was determined that when a speed of

12.0 knots was applied along the BUS, emissions decreased 

by 0.7% and 20.1% compared to the speeds of 14.0 and

15.0 knots, respectively. However, Figure 15 reveals that

the smallest amount of emissions were generated in Case 4, 

where a speed of 15.0 knots was applied at the BUS and

14.0 knots at the TIW when calculating annual emissions

based on the entire section. The highest emissions can be

observed in Case 3 at 238,761.0 kg per year. In Case 5, the

SFOC optimality points generated 702,193.0 kg of emis-

sions per year, resulting in a 66.5% increase in minimum

emissions compared to that in Case 4.

2) Figure 13 presents the emission calculation results for each 

section of NMVOC. When applying a speed of 12.0 knots

at the BUS, emissions were reduced by 4.9 and 20.3% com-

pared to those at speeds of 14.0 and 15.0 knots, respec-

tively. When annual emissions are calculated based on the

entire section, 83,159.0 kg, which is the smallest amount of 

emissions, were generated annually in Case 2, where a

speed of 12.0 knots was applied in the maneuvering mode.

In Case 3, 84,242.0 kg of emissions were produced, repre-

senting a 1.3% increase compare to Case 2.

3) In Figure 14, which presents the results of calculating emis-

sions for each section of CO, one can be seen that applying

a speed of 12.0 knots in the BUS reduced emissions by 4.5

and 19.5% compared to those at speeds of 14.0 and 15.0

knots, respectively. However, for annual emissions gener-

ated throughout the entire section, the smallest amount of

emissions was discharged in Case 4 with a speed of 15.0

Figure 12: TSP, PM10, PM2.5 emissions by section (10,000 TEU) 

Figure 13: NMVOC emissions by section (10,000 TEU) 

Figure 14: CO emissions by section (10,000 TEU) 

Figure 15: Annual air pollutant emissions (10,000 TEU) 
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knots in the BUS and 14.0 knots in the TIW. Case 3 yielded 

the highest emissions. Case 5 yielded 598,693.0 kg of 

emissions per year, representing an increase of 197.7% 

compared to that in Case 4, where the lowest emissions 

were generated. 

4.3 Calculation results for a 7,500 CEU PCTC 
Figures 16-19 present the results of calculating emissions for 

each air pollutant for the 7500 CEUP PCTC. For Case 5, with the 

SFOC maximum efficiency points in the cruising mode, a speed 

of 19.2 knots, 75.0% engine load, and 503.7 sailing hours were 

applied. 

1) Figure 16 presents the results of calculating emissions for

each section for TSP, PM10, and PM2.5. According to these

results, when a speed of 12.0 knots was applied at the BUS, 

emissions decreased by 51.7 and 70.1% compared to those

at speeds of 14.0 and 15.0 knots, respectively. However, as

shown in Figure 19, which presents calculations results for 

the entire section, the smallest amount of emissions oc-

curred in Case 1 with a speed of 14.0 knots applied in the

maneuvering mode. The largest annual emissions in Case 3

were 94,414.0 kg per year. Case 5 with the SFOC optimal-

ity points results in emissions of 97,495.0 kg per year, rep-

resenting an increase of 5.0% compared to that in Case 1.

2) In Figure 17, which presents the calculation results for each 

section of NMVOC, one can see that applying a speed of

12.0 knots in the BUS reduced emissions by 52.1 and

70.4% compared to those at speeds of 14.0 and 15.0 knots,

respectively. When calculating emissions based on the en-

tire section, the minimum amount of 32842.0 kg was gen-

erated annually in Case 1 and maximum amount of

36,072.0 kg in Case 2. The calculation results for Case 5

reveal that 34,062 kg of emissions were generated annually, 

representing an increase of 3.6% compared to that in Case

1. This represents a 5.6% decrease in air pollutant emis-

sions compared to that in Case 2, which produces the most 

emissions.  

3) Figure 18 reveals that applying a speed of 12.0 knots at the 

BUS reduced emissions by 52.0 and 70.4% compared to

those at speeds of 14.0 and 15.0 knots, respectively. How-

ever, the emission amount generated in the entire section

was minimized in Case 1 and maximized in Case 3 when a

speed of 12.0 knots was applied in the maneuvering mode.

Case 5 with the SFOC optimality points generated 83,149.0 

Figure 16: TSP, PM10, and PM2.5 emissions by section (7,500 CEU) 

Figure 17: NMVOC emissions by section (7,500 CEU) 

Figure 18: CO emissions by section (7,500 CEU) 

Figure 19: Annual air pollutant emissions (7,500 CEU) 
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kg of emissions per year, representing a 4.7% increase 

compared to that in Case 1. 

5. Conclusions
In this study, we compared calculated and compared air pollu-

tant emissions for entire operation sections on the same routes 

and for the same operating time for three vessels to analyze the 

effects of the implementation of the VSR program. The target 

ships were 4,600 TEU container vessels, 10,000 TEU container 

vessels, and 7,500 CEU PCTCs, and the maneuvering and cruis-

ing modes were used to calculate air pollutant emissions in five 

scenarios. Among the air pollutants generated by the ships, this 

study focused on fine dust particles according to the purpose of 

the VSR program. 

In the five target scenarios for pollutants of TSP, PM10, PM2.5, 

NMVOC, and CO, the lowest emissions were observed in Case 

3 with the VSR program for NMVOC with a 4,600 TEU con-

tainer vessel. In the remaining cases, the minimum emissions 

were calculated throughout the operation sections of the ships 

when a sailing speed higher than the VSR program speed of 12.0 

knots was applied in the maneuvering mode. This is because a 

change in the speed of the maneuvering mode affects the speed 

of the cruising mode based on a fixed operating time of 505.5 h, 

which increases the emissions generated in the entire section. 

Consequently, the sailing speed of a container ship and the 

PCTC, which are defined as 12.0 knots in the maneuvering mode, 

do not yield optimal results when the amount of emissions gen-

erated throughout the entire operation was calculated. Addition-

ally, the lowest emissions were observed under varying condi-

tions because the engine load and SFOC were different, and the 

results clearly differed from theoretically validated values. 

Therefore, it is necessary to derive optimal conditions consider-

ing ship characteristics and operating characteristics.  

Throughout this study, it was necessary to calculate the opti-

mal model for emission reduction based on the characteristics of 

the main engine. Such models must be developed by considering 

the total emissions generated throughout a sailing operation and 

not on a local basis. Additionally, improvements to the calcula-

tion method for calculating air pollutants generated by individual 

ships are required to develop an optimal model. Future studies 

need to consider how emission coefficients can be applied to de-

crease emissions from each vessel depending on the characteris-

tics of the fuel used. 
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