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Abstract 

The fuel cost of a ship is the largest component in total ship operating costs, 

amount to 50-60% of the total operating costs. Several methods considering both 

technical and operational aspects have been investigated to reduce the fuel costs. 

Reducing the ship speed, better known as “slow steaming,” is currently used, 

because it is considered more effective than other method to reduce fuel 

consumption and emissions `of ship. This paper reports on a study conducted to 

determine the effect of ship speed on the level of fuel consumption and emissions. 

The object of this research is a container ships that sailing from Surabaya (SUB) 

to Belawan (BLW), Indonesia. The fuel consumption and emissions were 

numerically calculated. Ship emissions calculated using the emission calculation 

method developed by Puget Sound Maritime Air Emission Inventory (PSMAEI) 

published in 2016. The calculation results show that there were savings in fuel 

consumption of almost 40% with the total ship sailing time from SUB to BLW is 

still within safe limits of time windows. The results of the calculation of 

emissions also indicate a decrease in the amount of emissions. It can be conclude 

that it is possible for a ship to sail at less than the service speed. This approach 

can save fuel consumption and reduce emission levels compared to those when 

ships sail at the service speed. 

Keywords: Fuel consumption, Reducing speed, Ship emission, Ship speed, 

Slow speed. 
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1.  Introduction 

There are three types of ocean shipping services: liner shipping, industrial shipping, 

and tramp shipping. Among these, the operation of liner shipping has increased 

significantly during the past few decades [1]. One of the main challenges currently 

faced by the shipping company is how to reduce the fuel consumption of ships. The 

fuel cost of a ship is the largest component in total ship operating costs, amount to 

50–60% of the total operating costs.  

In addition, the fuel consumption also determines the amount of emissions, such 

as greenhouse gas (GHG), nitrogen oxide (NOX), carbon dioxide (CO2), sulfur 

oxide (SOX), and other particulate matter, produced by the ships [2]. Higher fuel 

consumption of the ship indicates larger emissions. The shipping industry 

contributes at least 3% of the CO2 emissions, 13% of the NOX emissions, and 12% 

of SOX emissions of the total global emissions [3]. Therefore, in addition to the 

demand for economic savings, a ship also must be environmentally friendly. 

International Council on Clean Transportation (ICCT) reported that there are 

several ways to reduce both fuel consumption and emissions on ships in terms of 

technical, operational, and environmental adjustments [4]. Technical categories 

include hull modifications, engine modifications, propeller modifications, the 

capacity of ships and design modifications [5, 6].  

Operational categories include speed optimization, loading-unloading 

management, trim optimization, and weather routing. Another way to reduce fuel 

consumption is by using alternative fuel technologies whose availability and use 

will become more common in the coming decades [7]. In addition to alternative 

fuels, another alternative method is the use of dual-fuel engine fuels [8-11].  

In previous research, the preferred method for reduction in fuel consumption is 

ship speed reduction, known as slow steaming. A ship that runs at 20 knots 

consumes 130% more fuel than a ship that runs at 15 knots with the same load [2]. 

Research on slow steaming generally conducted to generate profits for shipping 

companies by reducing fuel consumption. Savings in fuel consumption have an 

effect on total transportation costs.  

In this paper, a technical study was carried out by calculating the fuel 

consumption of a ship that sailing from Surabaya (SUB) to Belawan (BLW) 

according to a predetermined time windows. Fuel savings also have an effect on 

emissions produced because the level of ship emissions is determined by the 

amount of ship fuel consumption. 

2.  Aim of the Study  

The ship speed influences the value of the ship's resistance, which influences the 

engine power, which, in turn, affects fuel consumption. A ship’s fuel consumption 

affects the emissions produced by the ship.  

In this research, fuel consumption calculations were performed by varying the 

speed of the ship. This study aimed to determine the effect of the ship speed on fuel 

consumption and emissions. In addition, the authors attempted to prove that a ship 

could sail under the service speed or design speed. 
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3.  Effect of Ship Speed on Fuel Consumption and Emissions  

3.1.  Factors affecting the fuel consumption of ships 

Power is a parameter that is more stable and easier to measure than fuel 

consumption and resistance. The ship speed is the most significant parameter that 

determines both power and fuel consumption. Increased resistance and fuel 

consumption are influenced by several things, including increased speed, increased 

draft, displacement, deteriorating weather, and deteriorating hull roughness [12]. 

The fuel consumption is calculated as follows. 

𝐹𝐶 = 𝐵𝐻𝑃 × 𝑆𝐹𝑂𝐶 × 𝑡                 (1) 

Much research has been performed about the effect of slow steaming both on 

fuel consumption and emission. Bialystocki and Konovessis [12] conducted a 

study on estimating fuel consumption and ship speed curves using a statistical 

approach. Kim et al. [13] conducted research concerning speed and multiple time 

windows as the main parameters in determining fuel consumption, using 

optimization. Gorski et al. [14] conducted research pertaining to ship speed, draft 

vessel, and trim as the parameters that have the maximum influence on fuel 

consumption. Gusti and Semin [3, 15, 16] conducted a study on the effect of ship 

speed changes on fuel consumption and emissions using both shipping log data 

and reviews of previous studies. In some previous research, optimization were 

conducted to solve slow steaming problem. Optimization is search for the best, 

minimum or maximum value using the objective function given to a problem. To 

determine the objective function, it is necessary to know the parameters that are 

considered influential on the optimization problem. In this study, optimization 

has not been conducted. The contribution of this study is how to determine the 

parameters that affect fuel consumption and emissions on the application of slow 

steaming. The parameters referred here are scenarios of speed, power, distance 

and SFOC. These parameter can be used as the basis for determining the objective 

function in the optimization process. 

3.2.  Ship speed and emissions 

It has been established as a rule of thumb that the power output of an engine is a 

cubic function of the ship speed. When the ship speed reduces by 10%, the engine 

power decreases by approximately 27% [17]. A higher energy consumption 

indicates an increased level of fuel consumption, carbon dioxide (CO2) and sulfur 

oxide (SO) emissions. If the engine load is low, then fuel consumption and nitrogen 

oxide emissions are reduced. The mathematical equation is determined as follows. 

𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ (𝐸𝑛𝑔𝑖𝑛𝑒 𝑝𝑜𝑤𝑒𝑟 ∗ ∫ (𝑆𝐹𝑂𝐶𝑡 ∗ 𝐸𝑛𝑔𝑖𝑛𝑒 𝑙𝑜𝑎𝑑𝑡)𝑑𝑡
𝑇

0
)          (2) 

Based on Eq. (2), CO2 emissions are determined by emission factors of CO2 and 

fuel consumption per unit time, consisting of engine power, SFOC, and engine load. 

Research about reducing both of fuel consumption and emission using slow speed 

has been investigated extensively. Psaraftis et al. [18] carried out a study on the ship 

speed reduction of fast vessels using mathematical modeling. Corbett et al. [19] 

studied the effects of speed reductions on ship emissions in terms of cost 

effectiveness. Fagerholt et al. [20] investigated the speed optimization in terms of 

shipping routes. Qi and Song [21] conducted a study about optimizing ship timetables 
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with uncertain port time. Banawan et al. [22] carried out a study on lowering the speed 

of catamarans. Gusti and Semin [23] conducted a study on the effect of ship speed 

using mathematical formulas.  

4.  Data 

Table 1 presents the principal data of M.V. Meratus Malino to be used in this study. 

The ship sailed from Surabaya (SUB) to Belawan (BLW). In this study, the path of 

the route was divided into several legs. The leg areas were based on shipping areas 

and port areas. Figure 1 shows the shipping route of the M.V. Meratus Malino from 

SUB to BLW, and Table 2 presents the length of each leg. 

Table 1. Principal data of MV Meratus Malino [24]. 

Name of ship M.V. Meratus Malino 

Dimension (Loa; B; H; D) 149.6 m; 23.1 m; 12.8 m; 8.8 m 

Service speed 15.6 knots 

M/E (unit, type, power, SFOC, year) MAN B & W (1), 7S 50 - MC, 13610 HP, 167, 1995 

GT 11964 

Routes Surabaya (SUB) - Belawan (BLW), Indonesia 

 

 

Fig. 1. Shipping route of M.V. Meratus Malino 

from Surabaya (SUB) to Belawan (BLW) [25]. 
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Table 2. Territory and track length of each leg. 

Leg 
Leg length 

(nautical mile: NM) 

Port area of Surabaya 23.8 

Leg 2 46.7 

Leg 3 310 

Leg 4 293 

Leg 5 278 

Leg 6 173 

Port area of Belawan 10 

Total 1134,5 

5.  Methodology 

A ship has a speed called the design speed that determined when the ship is in the 

process of being made or design. The purpose of determining the design speed is 

so that the company can estimate the number of fuel needs of the ship and the profit 

that will be generated in a period of time. Determination of the design speed is 

adjusted to the main engine ship. 

In reality, after the ship was built and finished, most of the ship sailed not at the 

speed of its design. The ship actually sailed below the design speed, known as slow 

steaming. The reason is sailing with the design speed is considered to consume 

more fuel. Therefore, sailing at low speeds is chosen as one of the solutions to 

reduce fuel consumption. However, sailing at low speeds do not always have a 

positive impact on both shipping companies and the environment. The benefits of 

sailing at low speeds will be obtained as long as the total shipping time of the ship 

does not exceed the specified time window. 

Every ship that sails from Port A to Port B has a specific time window. Ships 

may not arrive at the destination port faster/later than the specified time windows, 

as this affects the waiting time and service time of the ship in the port, which in the 

long term, may affect the service quality of the shipping company. 

Figure 2 shows the time windows from SUB to BLW starting from the SUB 

port area, the shipping channel, entering the BLW port area, and the loading and 

unloading process. It is noted that the ship must arrive at BLW port in 86 hours and 

a maximum of 92 hours of shipping time to reduce the process of delay in service 

and queuing in port. 

 

Fig. 2. Time windows from Surabaya (SUB) to Belawan (BLW). 
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In this paper, a preliminary study will be conducted, which shows that there is 

a reduction in the amount of fuel consumption and emissions when the ship sails 

below the design speed with the time windows specified in each leg. Ship speed is 

one variable that determines the amount of fuel consumption and emissions, the 

relationship is shown by Eqs. (1) and (2). 

To find out the amount of fuel consumed by the ship, the parameters such as 

engine power, SFOC and sailing time are needed, as shown in Eq. (1). The amount 

of engine power can be obtained from the resistance value and speed of the ship. 

Whereas SFOC can be calculated using SFOC charts according to the type of 

engine used by the ship. The amount of fuel consumption changes according to the 

change in speed. Therefore, the calculation of fuel consumption would be done at 

each change in speed. Fuel consumption will be even higher if the ship's speed is 

also high. 

The resistance value is needed to calculate the power of the engine. The 

calculation of the resistance value is conducted using MAXSURF software. 

MAXSURF software provides a comprehensive range for designing all types of 

marine vessels. MAXSURF includes tools for hull modelling, power engine 

prediction, stability, resistance prediction, motions and export to vessel detailing. 

In MAXSURF software, the calculation of resistance is carried out using the 

Holtrop method approach. The Holtrop method used to calculate the resistance as 

follows [26]. 

𝑅𝑇 = (1 +  𝑘1)𝑅𝐹 + 𝑅𝑤 + 𝑅𝐵 + 𝑅𝑇𝑅 + 𝑅𝐴𝑃𝑃 + 𝑅𝐴                                           (3) 

In addition, calculating the value of the resistance, MAXSURF software can 

generate the value of the Effective Horsepower (EHP). Ship data as shown in Table 

1 is used as a parameter to determine the value of resistance and power of the ship. 

EHP is the power needed to overcome the water resistance to move the ships at a 

certain speed. The energy needed to calculate the value of fuel consumption is 

Brake Horse Power (BHP). The equation used to calculate the BHP as follows. 

𝐷𝐻𝑃 =  𝐸𝐻𝑃 𝑃𝐶⁄                  (4) 

𝑆𝐻𝑃 =  𝐷𝐻𝑃 𝜂𝑆𝜂𝐵⁄                 (5) 

𝐵𝐻𝑃 = 𝑆𝐻𝑃 ×  𝜂𝐺                 (6) 

Ship emissions are calculated using the emission calculation method developed 

by Puget Sound Maritime Air Emission Inventory (PSMAEI) published in 2016 [27]. 

𝐸 = 𝐸𝑛𝑒𝑟𝑔𝑦 × 𝐸𝐹 × 𝐹𝐶𝐹                (7) 

Energy as the energy output of the engine over the period of time covered by 

the estimate is calculated as follows. 

𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑀𝐶𝑅 × 𝐿𝐹 × 𝐴               (8) 

Load factor is expressed as the ratio of a vessel’s power output at a given speed 

to the vessel’s MCR power. Load factor (LF) is calculated as follows. Time in mode 

or activity is measured in hours of operation is calculated as follows. 

𝐿𝐹 = (𝑆𝑝𝑒𝑒𝑑𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑝𝑒𝑒𝑑𝑀𝑎𝑥𝑖𝑚𝑢𝑚)⁄ 3
              (9) 

𝐴 =  (𝐷 𝑆𝑝𝑒𝑒𝑑𝐴𝑐𝑡𝑢𝑎𝑙)⁄ 3
              (10) 
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For emission factor (EF) of each pollutant is affected by the engine speed, engine 

year model and also the pollutant content. For the type of engine, it is divided into 

slow-speed diesel, medium-speed diesel, gas turbine, and steam turbine engine. M.V 

Meratus Malino is a ship with slow speed diesel engine type and uses MDO as fuel 

type with the sulfur content of 0.1%. Table 3 shows the engine emission factor for 

the main engine. The fuel correction factor can be seen in Table 4. 

Table 3. Fuel correction factors for MDO 0.1% sulphur content. 

Actual 

fuel 

Sulfur 

content 
NOX CO SO2 PM2.5 CO2 

MDO 0.10% 0.94 1.00 0.037 0.20 0.95 

Table 4. Emission factors for propulsion engines using 0.1 %S MDO. 

Engine category 
Model year 

range 
NOX CO SO2 PM2.5 CO2 

Slow speed main (Tier 0) 1999 and older 17.0 1.40 0.38 0.23 589 

Slow speed main (Tier 1) 2000 to 2011 16.0 1.40 0.38 0.23 589 

Slow speed main (Tier 2) 2011 to 2016 14.4 1.40 0.38 0.23 589 

Slow speed main (Tier 3) 2016+ 3.4 1.40 0.38 0.23 589 

Medium speed main (Tier 0) 1999 and older 13.2 1.10 0.42 0.23 649 

Medium speed main (Tier 1) 2000 to 2011 12.2 1.10 0.42 0.23 649 

Medium speed main (Tier 2) 2011 to 2016 10.5 1.10 0.42 0.23 649 

Medium speed main (Tier 3) 2016+ 2.6 1.10 0.42 0.23 649 

Gas turbine All 5.7 0.20 0.60 0.01 922 

Steam main engine and boiler All 2.0 0.20 0.60 0.15 922 

6.  Results and Discussion 

6.1. Analysis of the resistance, output power and specific fuel oil 

consumption (SFOC) based on speed variations 

The calculation of resistance and EHP in this study carried out using MAXSURF 

software. Table 5 shows the results of resistance, EHP and BHP. In this study, the 

ship speed was varied from 12 to 15.6 knots. The relation between speed and power 

is shown in Fig. 3. It is noted that a higher speed corresponds to a higher power. 

In this graph, the amount of power in each speed scenario was known. The 

graph shows that the higher the speed, the power value of the engine needed also 

high. The power value determines the amount of fuel consumption.  

After the power value is known, the next variable that must be calculated is the 

SFOC. The SFOC value is obtained after obtaining the output power value using 

the SFOC calculation graph found in the manual book of MAN B & W 7S-50MC, 

as shown in Fig. 4. 

Figure 5 shows the relationship between ship speed and SFOC after calculation 

using a graphic of SFOC in Fig. 4. In this graph, the SFOC value for each speed 

scenario was known. So that the fuel consumed by the ship can be calculated. In 

addition, a quadratic equation is used to determine that the SFOC value at each 

change of speed is y = 0.8862x2 - 27.487x + 383.94. 
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Table 5. Resistance and output power on speed scenario 12 to 15.6 knots. 

Speed (knot) Resistance (kN) EHP (HP) BHP (HP) Rpm 

12 226.1 2807.2 4695.4 76.1 

12.2 234.3 2940.7 4944.2 77.4 
12.4 242.8 3078.7 5204.9 78.7 

12.6 251.5 3221.6 5475.6 79.9 

12.8 260.5 3369.4 5758.8 81.2 
13 269.9 3522.4 6057.0 82.5 

13.2 279.5 3680.7 6366.1 83.7 

13.4 289.5 3844.5 6690.8 85.0 
13.6 299.9 4014.0 7031.6 86.3 

13.8 310.7 4189.3 7388.9 87.6 

14 321.8 4370.8 7760.7 88.8 
14.2 333.4 4558.5 8152.1 90.1 

14.4 345.5 4752.8 8563.7 91.4 

14.6 358.0 4953.9 8993.4 92.6 
14.8 370.9 5162.2 9441.7 93.9 

15 384.4 5377.9 9914.1 95.2 

15.2 398.3 5601.3 10406.0 96.4 
15.4 412.9 5832.7 10925.8 97.7 

15.6 428.0 6072.1 11468.7 99.0 

 

 

Fig. 3. Relationship of ship speed and power 

relationship of M.V. Meratus Malino. 

 
Fig. 4. Graphic of SFOC calculation of MAN B & W 7S-50MC [28]. 
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Fig. 5. Relationship between ship speed 

and SFOC of M.V. Meratus Malino. 

6.2.  Analysis of fuel consumption based on speed variations 

Ship fuel consumption calculated using equation (1). The results of fuel 

consumption calculation are shown in Table 6, whereas Fig. 6 shows the relation 

between fuel consumption and ship speed in the draft condition. It is noted that a 

higher speed corresponds to higher fuel consumption. 

Table 6. Total fuel consumption in each 

speed scenario of M.V. Meratus Malino. 

Speed 

(knots) 

Leg 1 Leg 2  Leg 3 Leg 4 Leg 5 Leg 6 Leg 7 

Total 

(ton) 

Total 

sailing 

time 

(hours) 

FC (gr) FC (gr) FC (gr) FC (gr) FC (gr) FC (gr) FC (gr) 

12 1990 3305573 21942778 20739464 19677717 12245486 6764 77.9 91.73 

12.2 1990 3408500 22626016 21385235 20290427 12626777 6764 80.3 90.22 

12.4 1990 3514663 23330740 22051312 20922406 13020058 6764 82.8 88.77 

12.6 1990 3622559 24046966 22728261 21564699 13419758 6764 85.4 87.36 

12.8 1990 3733581 24783943 23424823 22225600 13831039 6764 88.0 85.99 

13 1990 3842570 25507425 24108631 22874400 14234789 6764 90.6 84.67 

13.2 1990 3963933 26313048 24870074 23596862 14684378 6764 93.4 83.39 

13.4 1990 4087628 27134149 25646148 24333205 15142606 6764 96.4 82.14 

13.6 1990 4210936 27952678 26419789 25067240 15599398 6764 99.3 80.93 

13.8 1990 4348277 28864363 27281479 25884816 16108177 6764 102.5 79.76 

14 1990 4481099 29746055 28114820 26675495 16600218 6764 105.6 78.62 

14.2 1990 4619365 30663877 28982309 27498573 17112422 6764 108.9 77.51 

14.4 1990 4771308 31672496 29935617 28403077 17675296 6764 112.5 76.44 

14.6 1990 4924841 32691661 30898893 29317038 18244056 6764 116.1 75.39 

14.8 1990 5088540 33778320 31925960 30291525 18850482 6764 119.9 74.37 

15 1990 5259560 34913565 32998950 31309584 19484022 6764 124.0 73.38 

15.2 1990 5441486 36121212 34140372 32392571 20157967 6764 128.3 72.41 

15.4 1990 5632447 37388836 35338481 33529344 20865383 6764 132.8 71.47 

15.6 1990 5846834 38811958 36683561 34805563 21659577 6764 137.8 70.56 

y = 0.8862x2 - 27.487x + 383.94
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Fig. 6. Relationship between ship speed and 

fuel consumption of M.V. Meratus Malino. 

The results show that fuel consumption is greater when the ship sails at the 

design speed, which is 15.6 knots. When compared to the ship that sailed at speeds 

below the design speed, for example when the speed is 12.6 knots, the difference 

in the amount of fuel consumption is very far, it is about 52.4 tons. There were 

savings in fuel consumption of almost 40%. At this speed, the total ship sailing time 

from SUB to BLW is 88 hours. This time is still within safe limits, does not exceed 

the specified time windows and does not overtake. 

From the calculation of resistance, output power, total fuel consumption 

requirements, and total sailing time, it can be concluded that the ship can actually 

sail at speeds less than the service speed, and this can reduce fuel consumption. 

Therefore, it is necessary to conduct a more detailed study of the ship speed on each 

leg so that the ship arrives at the destination port without arriving earlier or later 

than the time window, while consuming a minimum amount of fuel. 

6.3. Analysis of ship emissions based on speed variations 

A ship's emission level depends on the level of fuel consumed by the ship. In this 

study, the types of emissions calculated were NOX emissions, CO emissions, SO2 

emissions, PM2.5 emissions and CO2 emissions. The emission calculation was 

performed using the calculation method specified by the Puget Sound Maritime Air 

Emission Inventory (PSMAEI) in 2012. Table 7 shows the results of the calculation 

of emission at each speed scenario. 

The emissions calculation also shows that the amount of emissions is higher 

when the ship sails at the design speed. If it is compared with the ship that sails at 

12.6 knots, the difference in the number of emissions is very far, for NOX is 8.9 

tons, CO2 is 311.8 tons, SO2 is 0.07 tons, PM2.5 is 0.02 tons and CO is 0.7 tons.  

Significant savings occur on each type of emission. This is directly proportional 

to the savings that occur in fuel consumptions. Figures 7 and 8 show that ship speed 

affects the emission level of the ship, whether for CO emissions or NOX emissions. 
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Table 7. Total emissions for each speed scenario of M.V. Meratus Malino. 

Speed 

(knots) 
LF 

Energy 

(kWh) 

NOX 

(ton) 

CO2 

(ton) 

SO2 

(ton) 

PM2.5 

(ton) 

CO 

(ton) 
12 0.46 196033 3.1 109.7 0.003 0.01 0.3 

12.2 0.48 213357 3.4 119.4 0.003 0.01 0.3 

12.4 0.50 232031 3.7 129.8 0.003 0.01 0.3 

12.6 0.53 252039 4.0 141.0 0.004 0.01 0.4 

12.8 0.55 273556 4.4 153.1 0.004 0.01 0.4 

13 0.58 296783 4.7 166.1 0.004 0.01 0.4 

13.2 0.61 321598 5.1 180.0 0.005 0.01 0.5 

13.4 0.63 348323 5.6 194.9 0.005 0.02 0.5 

13.6 0.66 377074 6.0 211.0 0.005 0.02 0.5 

13.8 0.69 407975 6.5 228.3 0.006 0.02 0.6 

14 0.72 441011 7.0 246.8 0.006 0.02 0.6 

14.2 0.75 476585 7.6 266.7 0.007 0.02 0.7 

14.4 0.79 514849 8.2 288.1 0.007 0.02 0.7 

14.6 0.82 555809 8.9 311.0 0.008 0.03 0.8 

14.8 0.85 599610 9.6 335.5 0.008 0.03 0.8 

15 0.89 646743 10.3 361.9 0.009 0.03 0.9 

15.2 0.93 697055 11.1 390.0 0.010 0.03 1.0 

15.4 0.96 751257 12.0 420.4 0.011 0.03 1.1 

15.6 1.00 809204 12.9 452.8 0.011 0.04 1.1 

 

 

Fig. 7. Relationship between ship speed 

and CO emission of M.V. Meratus Malino. 

 

Fig. 8. Relationship between ship speed 

and NOX emission of M.V. Meratus Malino. 
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7.  Conclusion 

The total operating costs of ship were dominated by fuel consumption costs. 

Several methods considering both technical and operational aspects have been 

investigated to reduce the fuel costs. Reducing the ship speed, better known as 

“slow steaming,” is currently used, because it is considered more effective to reduce 

fuel consumption and ship emissions. This study attempted to determine the effect 

of ship speed on the level of fuel consumption and emissions, using mathematical 

calculation. Fuel calculation conducted by varying the speed from 12 knots to 15.6 

knots. In addition, calculations are also performed on each leg taking into account 

the specified time windows. Emission calculations are carried out using a method 

developed by Puget Sound Maritime Air Emission Inventory (PSMAEI) published 

in 2016. The result shows that the ship speed influences the fuel consumption and 

emissions of the ship. A lower ship speed corresponds to lower fuel consumption. 

The results of the fuel calculation show that fuel consumption is higher when the 

ship sails at the design speed. When it was compared to the ship that sails at 12.6 

knots, the difference in the amount of fuel consumption is 52.4 tons. There is a 

saving in fuel consumption of almost 40% with total sailing time from SUB to BLW 

is 88 hours. This time is still within safe limits, does not exceed the specified 

windows time and does not overtake. Whereas from the calculation of emissions, 

shows that the amount of emissions is higher when the ship sails at the design speed. 

Compared to the ship when sails at a speed of 12.6 knots, the difference in the 

number of emissions are very far, for NOX is 8.9 tons, CO2 is 311.8 tons, SO2 is 

0.07 tons, PM2.5 is 0.02 tons and CO is 0/7 tons. This considerably influences the 

ship's emission level, which depends on the level of fuel consumed by the ship. 

Acknowledgement 

The authors acknowledge the support from the Department of Marine Engineering, 

Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia and Laboratory of Ship 

Safety, Kobe University, Japan for this research. This research was carried out with 

financial support from the Enhancing International Publication (EIP) Program 2018 

Scholarship, funded by the Indonesian Directorate General of Higher Education 

(DIKTI) with grand number 1406.23/D3/PG/2018. 

 

Nomenclatures 
 

(1+k) Form factor of bare hull 

A Activity of ship, hours 

B Breadth of ship, meter 

BHP Brake horse power, HP 

D Distance, nautical miles 

D Draught of ship, meter 

E Emission from engine, gram 

EF Emission factor, g/kWh 

Energy Energy demand, kWh 

FC Fuel consumption, gram 

FCF Fuel correction factor 

H Height of ship, meter 

kN Kilonewton 
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LF Load factor 

MCR  Maximum continuous rated engine power, kW 

PC Coefficient propulsive 

RA Correlation allowance 

RAPP Appendage resistance, Newton 

RB Wave resistance of the bulbous bow, Newton 

RF Frictional resistance from the ITTC 1957 line 

RT Total resistance, Newton 

RW Wave resistance of bare hull, Newton 

SFOC Specific Fuel Oil Consumption, gr/kWh 

SHP Shaft Horsepower, HP 

SpeedActual Actual speed of the ship, knots 

SpeedMaximum Maximum speed of the ship, knots 

t Sailing time, hours 
 

Greek Symbols 

G Losses in gearbox 

sB Losses in shaft 
 

Abbreviations 

ICCT International Council on Clean Transportation 
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