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An approach to deal with the phenomenon of maritime fuel smuggling is to 

control the quantity of fuel that is supplied to vessels. For the same reason, 

fuel is delivered to marine vessels in Iran in accordance with the ration 

defined by the National Iranian Oil Products Distribution Company 

(NIOPDC). The ration is determined by a fuel consumption formula defined 

by the Food and Agriculture Organization of the United Nations (FAO) 

which is used to estimate the fuel cost of agricultural and road construction 

equipment and machinery. The use of this formula for maritime usage 

renders fuel allocation to vessels inappropriate. This paper makes a database 

containing the specifications of 452 vessels, including length, width, summer 

draft, economical speed, engine power and hourly fuel consumption values. 

Then, a linear model is estimated over the available database. Ordinary least 

square method is used for regression analysis. Then, the estimated linear 

model is compared with FAO formula and linear model is selected as the 

optimum model to estimate vessel fuel consumption as close to the actual 

value of fuel consumption as possible. This linear model contains three 

parameters: engines power, economical speed, and immersed volume as 

defined by multiplying three parameters of length, width, and summer draft.  

In general, the amount of fuel consumption estimated by FAO formula is 

about 50% greater than that estimated by the linear model. 
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1. Introduction 
Fuel supply to vessels is controlled in attempts to deal 

with the phenomenon of fuel smuggling in the 

maritime domain. Therefore, fuel is delivered to 

marine vessels in Iran according to ration defined by 

National Iranian Oil Products Distribution Company 

(NIOPDC). Currently, this ration is based on fuel 

consumption formula that had been defined by the 

Food and Agriculture Organization of the United 

Nations (FAO), which is used to estimate fuel cost for 

agricultural and road construction equipment and 

machinery. The application of this formula for 

maritime usage has rendered fuel allocation to vessels 

inappropriate. So, the present study reviews fuel 

consumption and its effective factors for the most 

widely used classes of marine vessels and devises an 

appropriate formula for calculating fuel consumption 

by developing an econometric model. It is essential to 

define a new fuel consumption formula based on 

vessel specifications and its sailing details. This will 

help stop fuel smuggling by optimal fuel allocation, 

prevent financial losses to vessels owners due to 

overestimation/underestimation of fuel consumption 

which causes the vessels to carry excessive/deficient 

fuel for a specified voyage. 

This section reviews four relevant papers that 

calculate ship fuel consumption by regression 

analysis. Hutchinson [1] investigates three types of 

ships including bulk, Ro-Ro, and container and 

presents two model types for sailing and berthing 

operations of each ship type as a function of ship 

deadweight. 

Schrady et al. [2] investigate 22 classes of U.S navy 

ships and describe an exponential model as a function  

of ship speed for each class separately. 
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Davie et al. [3] focus on the half of the Irish fishing 

vessels. They are led to a generalized additive model 

as a function of vessel length, engine power, fuel 

price, and gear type. 

Hulskotte et al. [4] address nine classes of ships at 

berth and present nine linear models as a function of 

ship gross tonnage. 

But, the present research considers all commonly used 

marine vessels and does not confine itself to some 

specific classes; that is, a unit fuel consumption model 

is defined by ordinary least square method for sailing 

operation of all ships as a function of more 

parameters, including ship length, width, draft, 

economical speed, and main and auxiliary engines 

power. 

A review of literature shows that a plethora of very 

diverse factors are considered to affect fuel 

consumption: speed [2,5-8], engine RPM [9], engine 

power [3,7,10], age [11], weather and environmental 

conditions (air temperature, seawater temperature, 

wind) [6,7,11-13], operating scenarios [11], draft 

[5,7,13], trim [5,7], length [3], gear configuration [3], 

fuel price and quality [3,12], fractional engine load 

[14], gross tonnage [4,9], deterioration of the hull, 

engine, and propeller [7,12,13], deadweight [1], and 

displacement [6,13]. 

Data availability is the main factor limiting the 

selection of effective parameters. Also, NIOPDC is 

looking for a simple and acceptable formula to make 

an appropriate estimation of fuel consumption ration 

for all marine vessels from small-sized to large-sized. 

Therefore, parameters that are applicable for all 

ranges of vessel size should be chosen. 

Finally, econometric and regression analysis is 

applied a restriction for variable selection. As a 

general rule, none of the parameters should have a 

linear relationship to one another [15]. 

This paper includes four important parameters in 

regression analysis, including speed, power, draft, and 

length. Also, according to the expert’s advice, vessel 

width is considered as another effective factor in 

addition to the parameters. So, these five parameters 

are chosen as factors influencing fuel consumption in 

an attempt to model with regression analysis. 
 

2. Methodology 
First, the fuel consumption formula of FAO is defined 

and compared with NIOPDC fuel consumption 

method. 

According to FAO’s fuel consumption calculation 

method, the following formula can be used to estimate 

liters of fuel used per machine hour: 
 

𝐿𝑀𝑃𝐻 =
𝐾 × 𝐺𝐻𝑃 × 𝐿𝐹

𝐾𝑃𝐿
 (1) 

 

where LMPH is the liters used per machine hour, K is 

kg fuel used per brake hp/hour, GHP is the gross 

engine horsepower at governed engine rpm, LF is the 

load factor in percent, and KPL is the weight of fuel in 

kg/L. Typical values are given in Table 1. The load 

factor is the ratio of the used average horsepower to 

gross horsepower available at the flywheel [16]. 
 

Table 1. The specifications of FAO’s variables [16] 

Engine 

Weight 

(KPL) 

kg/L 

Fuel 

Consumption 

(K) kg/brake 

hp-hour 

Load Factor (LF) 

Low Med High 

Gasoline 0.72 0.21 0.38 0.54 0.70 

Diesel 0.84 0.17 0.38 0.54 0.70 

 

NIOPDC released the latest instruction on the 

procedure to sell fuel to marine vessels in 2016. In 

this instruction, fuel consumption formula is defined 

as below, which is basically similar to FAO’s formula 

with some adjustments: 
 

𝐹𝐶 =
0.75 × 𝑃𝑜𝑤𝑒𝑟 × 𝑆 × 𝑇𝑖𝑚𝑒 × 0.001

𝐷𝑒𝑛𝑠𝑖𝑡𝑦
 (2) 

 

in which Power is total power of main engines plus 

half of auxiliary engines power, S is kg fuel used per 

brake hp/hour (S = 170 for fishing vessels and S = 200 

for others), and Time is the distance (mile) per speed 

[17]. 

So, to accomplish to research target, we identified the 

most popular types of marine vessels in Iranian 

shipping companies, fuel consumer machinery in 

marine vessels, and effective parameters in fuel 

consumption of marine vessels. Also, fuel 

consumption data of marine vessels were gathered to 

establish the database. The final model of fuel 

consumption is formed by regression analysis. 
 

2.1. The Most Popular Types of Marine Vessels in 

Iran 

Table 2 presents the information of the registered 

vessels sorted by vessel type. 
 

Table 2. The types of Marine Vessels in Iran [18] 

 Vessel type 2013 

1 Cargo 284 

2 Tanker 19 

3 Landing craft 101 

4 Fishing vessels 173 

5 Dredger 22 

6 Engine barge 132 

7 Passenger 98 

8 Tugboat 410 

9 Barge 352 

10 Marine bus 141 

11 Cargo boat 4615 

12 Fishing boat 5498 

13 Multi cat 5 

14 Boat 17700 

15 Special vessels 31 

16 Supply vessels 151 

17 Total 29732 
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According to The Ports and Maritime Organization of 

Iran, boats form the greatest number of vessels 

followed by tugboats, barges, and cargo ships [18]. 
 

2.2. Fuel Consumer Machineries 

Main engines account for the main portion of fuel 

consumption by about 90 percent. So, auxiliary 

engines, which are responsible for power supply, and 

boilers, which supply steam, consume the remaining 

10 percent of fuel. Boilers have been neglected due to 

inaccessibility to boiler specifications data and theirs 

running hours, low percentage of boilers fuel 

consumption, and the use of the recovered engine 

exhaust heat instead of boilers during sailing. Also, 

incinerators that consume a little fuel are neglected in 

the analysis [19-22]. 
 

2.3. Effective Parameters in Fuel Consumption 

Five parameters, i.e. speed, power, draft, length, and 

width, are included in the final model. Also, for the 

sake of final model simplification, the immersed 

volume is defined by multiplying three parameters of 

length, width and summer draft. 

 

Speed 
According to Schrady [2], the power required to move 

a displacement hull through the water at velocity V is 

proportional to V3. 

Górski [5] shows that vessel speed is the parameter 

mostly influencing the level of fuel consumption as 

follows: 
 

ZPC =
Δ2/3. V3

ZP
 (3) 

 

where: 

ZPC = fuel coefficient, Δ = ship displacement, V = 

ship speed, ZP = main engine fuel consumption. 

Meng [6] shows that the sailing speed is the main 

determinant of the fuel consumption rate of a ship. An 

increase in the speed of a couple of knots during 

sailing might cause a considerable increase in bunker 

consumption. The so-called cubic law, namely, that 

the bunker consumption of a ship in one time unit is 

proportional to the sailing speed to the power of three, 

is widely adopted in maritime studies. 
 

Power 

Borkowski [10] argues that ship fuel oil consumption 

is proportional to ship engine power. 

According to Davie [3], fuel consumption of a fishing 

vessel varies depending on a variety of factors and 

conditions, and engine power is one of the factors 

underpinning ship fuel consumption. 

Figure 1 depicts the variation of power versus the 

dependent variable (i.e. fuel consumption flow rate) 

based on the database which will be discussed in next 

part, to give an overview of the existence or absence 

of manifest relationship. It is evident that there is a 

relationship between power and fuel consumption. 
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Figure 1. Variations of fuel consumption versus the 

independent variable (Power) 
 

Immersed Volume 

The immersed volume of a ship is estimated by 

multiplying three parameters including length, width, 

and summer draft. This volume is proportional to ship 

displacement. Bialystocki [13] shows that resistance 

and fuel consumption are increased with any changes 

in displacement. Meng [6] states that ship 

displacement is affected the resistance against its 

movement and, in turn, by its fuel consumption. 
 

2.4 Data Gathering 

Data of fuel consumption flow rate for 452 marine 

vessels were collected along with the details of the 

vessels, including length, width, draft, economical 

speed, main engine power, and auxiliary engines 

power, from the database of Maritime Sales Inc., 

Florida, the US. 

These vessels are in various sizes and types and under 

convention and non-convention classes. The smallest 

vessel has a capacity of 7 tons and largest has a 

capacity of 18,012 tons. However, the gross tonnage 

was unavailable for 61 vessels. In terms of vessel size, 

the smallest is 7 meters long and the largest is 200 

meters long. Also, total main and auxiliary engines 

power are in range of 127 kW to 17,925 kW. 

Economical speed in data collection is an optimal 

speed at which a vessel usually sails. 

Fuel consumption is expressed in metric tons per 

hour. These values are converted to liter per hour by 

different fuel densities (HFO = 930 kg/m3 - FO = 

890.13 kg/m3 - DFO = 885 kg/m3 - GO = 890 kg/m3). 

Thus, the final model will represent the amount of 

consumed fuel in one hour. 

Data collection includes various types of vessels with 

different applications and capacities. This makes it 

possible to generate the results for the whole marine 

vessels with an acceptable estimation. Of course, as 

shown in Table 3, most vessels have a capacity below 

3,000 tons; thus, the final model is more valid for 

these vessels than the others. Also, a major problem of 
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NIOPDC in subsidized fuel allocation is related to 

these <3000-ton vessels. Our outcomes are perfectly 

suitable for NIOPDC to allocate subsidized fuel to 

small vessels. 
 

Table 3. The classification of the vessels 

GRT 
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T
o

ta
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Landing 

craft 
1 14 1 1 - 1 - - 18 

Supply 

vessel 
5 21 20 6 - - - - 52 

Passenger 

ferry 
15 47 4 - - - - 1 67 

Cargo 3 20 13 13 18 12 7 14 100 

Container  - - 2 - 3 - - 5 10 

Tanker 1 5 4 3 6 1 2 4 26 

Ro-Ro  3 5 1 - 1 - - 8 18 
Refrigerated 1 1 1 2 - 1 - 1 7 

Tugboat 15 60 4 - - - - - 79 

Boat 5 8 - - - - - - 13 
Fishing 
vessel 

9 22 5 1 1 - 1 1 40 

Other 3 10 2 2 3 2 - - 22 

Total  61 213 57 28 32 17 10 34 452 

 

3. Modeling 

The collected data are of cross-sectional type, 

including 452 vessels or sections. Ordinary least 

squares method (OLS) is used for regression analysis. 

OLS is one of most famous and powerful methods of 

regression analysis. The famous German 

mathematician, Carl Friedrich Gauss, developed this 

method. So, the linear model is estimated on available 

database. 

Finally, the appropriate vessel fuel consumption 

model is selected by comparing the obtained linear 

model with the FAO formula. 

To begin the analysis, the collected data is fed into 

statistical software (EViews). Power is defined as the 

sum of main and auxiliary engines power. 

The dependent variable is defined as the flow rate of 

consumed fuel for sailing in one hour (FC) expressed 

in liter per hour. Also, the independent variables are 

defined as immersed volume (defined by multiplying 

of length, width, and summer draft) in cubic meters 

(Volume), total main and auxiliary engines power in 

kilowatts (Power) and economical speed in knots 

(Speed). 

Generally, it is reasonably expected to have positive 

impacts on fuel consumption by all independent 

variables. This has been studied in the literature 

review. 

This section estimates the linear model. First, the co-

linearity of variables is tested with a visual survey. 

Then, the model is estimated with ordinary least 

squares method. This is followed by checking the 

statistical significance and mathematical sign of the 

coefficients. Also, the model validation and fitness of 

model are examined against evaluation criteria 

includes R2, adjusted R2 and Durbin Watson (DW). In 

next step, two tests are performed including Ramsey’s 

reset stability test and Chow forecasts test. 
 

3.1. Co-Linearity of Independent Variables 

Independent variables against one another are shown 

in Figure 2 to predict the co-linearity probability.  
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Figure 2. Analysis of variables variation against each other 

 

The visual examination of the test results shows that 

there is no collinearity between these three variables. 
 

3.2. OLS Estimation 

By using three mentioned parameters, linear model is 

estimated using the ordinary least squares method 

according to Eq(4) on database including 452 marine 

vessels. Results are presented in Table 4 [23]. 
 

𝐹𝐶 = 𝛽1𝑃𝑂𝑊𝐸𝑅 + 𝛽2(𝑆𝑃𝐸𝐸𝐷)3 +

𝛽3𝐼𝑀𝑀𝐸𝑅𝑆𝐸𝐷 𝑉𝑂𝐿𝑈𝑀𝐸 + 𝑈𝑖  
(4) 
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Table 4. OLS estimation of linear model 

Variable Coefficient Std. Error t-Statistic Prob.  

POWER 0.111635 0.002937 38.00433 0.000 

SPEED33 0.004658 0.000581 8.021235 0.000 

VOLUME 0.005887 0.001355 4.344103 0.000 

R-squared 0.845117     Mean dependent var 253.88 

Adjusted R-squared 0.844427     S.D. dependent var 295.08 

S.E. of regression 116.3877     Akaike info criterion 12.358 

Sum squared resid 6082199.     Schwarz criterion 12.386 

Log likelihood -2789.986     Hannan-Quinn criter. 12.369 

Durbin-Watson stat 1.637503    

 

Coefficients of all variables are significant. As was 

mentioned, all independent variables are expected to 

have positive impact on increasing fuel consumption. 

So, the sign of all variables are acceptable [23]. 

Thus, the modified linear model of fuel consumption 

flow rate in liter per hour is defined in Eq.(5) by using 

three parameters of total power of main and auxiliary 

engines in kilowatt, economical speed in knot, and 

immersed volume in cubic meter. 
 

𝐹𝐶 = 0.1116354792 × 𝑃𝑂𝑊𝐸𝑅 +

0.0046580374 × (𝑆𝑃𝐸𝐸𝐷)3  +

0.0058874707 × 𝐼𝑀𝑀𝐸𝑅𝑆𝐸𝐷 𝑉𝑂𝐿𝑈𝑀𝐸 + 𝑈𝑖  

(5) 

 

R2 and adjusted R2 are found to be about 84% which 

are very acceptable and show the fitness of the model. 

Durbin-Watson statistic for the autocorrelation 

detection of residual terms is equal to 1.64. This is 

near 2 and indicates the lack of autocorrelation [23]. 

Therefore, the evaluation criteria of the estimated 

model prove the validity and acceptability of the 

model. Now, the other tests can be done as described 

below. 
 

3.3. Stability Tests 

a) Ramsey RESET Test 

As the results are shown in Table 5, probability is 

equal to 0.74 (greater than 0.05), so the null 

hypothesis of the accuracy of functional form is 

confirmed [23]. 
 

Table 5. Ramsey RESET test of linear model 
 Value df Probability  

F-statistic  0.303179 (2, 447)  0.7386  

Likelihood ratio  0.612725  2  0.7361  

 

b) Chow Forecast Test 

In this test, the model is estimated by 400 sections; 

then, it is applied on the last 52 sections. Test result 

(Table 6) shows that probability is equal to 0.73 

(greater than 0.05) and represents structural stability 

and suitability of the model [23]. 
 

Table 6. Chow forecast test at section 400  
 Value df Probability  

F-statistic  0.869847 (53, 396)  0.7285  

Likelihood ratio  49.77703  53  0.6004  

4. Results of Modeling 

By eliminating time variable from Eq.(2) and using 

S=200 and Density=0.89 for gasoil, approximate flow 

rate of fuel consumption is estimated by FAO 

equation as Eq.(6): 
 

𝐹𝐶 = 0.16854 × MPOWER (hp) =

0.22601 × MPOWER (kW)  
(6) 

 

MPOWER in FAO equation is main engine power 

plus half of auxiliary engines power according to 

NIOPDC guidelines; whereas, the linear model 

(Eq.(5)) involves total main and auxiliary engines 

power. 

Figure 3 displays the polynomial trend line (with 

order of five) of the fuel consumption calculated by 

the linear model (Eq.(5)), actual fuel consumption, 

and fuel consumption calculated by FAO formula 

(Eq.(6)) sorted in an ascending order for visual 

comparison of the modeling results. In general, the 

fuel consumption estimated by FAO formula is about 

50% greater than that estimated by the linear model. 

So, the linear model gives a lower estimation of fuel 

consumption and fuel is allocated more purposefully 

in the whole database. It can be observed that the 

linear model is very close to actual value of fuel 

consumption.  

Modeling results in Figure 3 shows that the linear 

model outperforms FAO formula. So, the linear model 

(Eq.(5)) can be chosen as the optimum formula for 

calculating the fuel consumption of marine vessels. 

In Eq. (5), the regression coefficients β1, β2 and β3 are 

known as partial regression or partial slope 

coefficients [15]. The meaning of partial regression 

coefficient is as follows: 

β1=0.112 measures the change in the mean value of 

fuel consumption per unit change in engines power, 

holding the value of speed and immersed volume 

constant. Put differently, it gives the “direct” or the 

“net” effect of a unit change in engines power on the 

mean value of fuel consumption, net of any effect that 

speed and immersed volume may have on mean value 

of fuel consumption [15]. 

Likewise, β2=0.005 measures the change in the mean 

value of fuel consumption per unit change in speed 

with the power of three, holding the value of engine 

power and immersed volume constant. 

Also, β3=0.006 measures the change in the mean value 

of fuel consumption per unit change in immersed 

volume, holding the value of engine power and speed 

constant. 

Also U, known as the disturbance or error term, is a 

random (stochastic) variable that has well-defined 

probabilistic properties. The disturbance term U may 

well represent all those factors that affect fuel 

consumption but are not taken into account explicitly. 
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Since decimal digits have significant impact on the 

calculated value of fuel consumption, it is preferred to 

use Eq.(5). But, to display simple mathematical 

formula, it could be summarized as following: 
 

𝐹𝐶 = 0.112 × 𝑃𝑂𝑊𝐸𝑅 + 0.005 ×
(𝑆𝑃𝐸𝐸𝐷)3 + 0.006 ×
𝐼𝑀𝑀𝐸𝑅𝑆𝐸𝐷 𝑉𝑂𝐿𝑈𝑀𝐸 + 𝑈𝑖  

(7) 

 

Therefore, the fuel consumption flow rate of the 

marine vessels in liter per hour is calculated by three 

parameters of total main and auxiliary engines power 

in kilowatt, economical speed in knot, and immersed 

volume in cubic meter. Immersed volume is 

calculated by multiplying three factors including 

length in meter, width in meter, and summer draft in 

meter. Also, to obtain the fuel consumption flow rate 

in cubic meter per hour, the calculated FC from Eq.(7) 

should be multiplied by 10-3. 

Also, to obtain fuel consumption value for a voyage, 

Eq.(5) should be multiplied by sailing time. Sailing 

time in hour is achieved by dividing sailing distance 

by vessel speed. One knot is equal to 1.150782308 

miles per hour (mph); so, sailing time is calculated by: 
 

𝑆𝑎𝑖𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ𝑜𝑢𝑟) =

=  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑛𝑎𝑢𝑡𝑖𝑐𝑎𝑙 𝑚𝑖𝑙𝑒)

𝑆𝑝𝑒𝑒𝑑 (𝑘𝑛𝑜𝑡)
=

=
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑚𝑖𝑙𝑒)

1.150782308 × 𝑆𝑝𝑒𝑒𝑑 (𝑘𝑛𝑜𝑡)
 

(8) 

 

Therefore, voyage fuel consumption value in liter is 

calculated by: 
 

𝑉𝑜𝑦𝑎𝑔𝑒 𝐹𝐶 = 𝐹𝐶 × 𝑆𝑎𝑖𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒  

or 

𝑉𝐹𝐶 = 𝐹𝐶 × 𝑇 

(9) 

5. Conclusion 

So, approximate value of consumed fuel for sailing of 

marine vessels was obtained by econometric and 

regression analysis on 452 cross-sectional database. 

This linear model was created by three parameters, i.e. 

total main and auxiliary engine power, economical 

speed, and immersed volume. Stability tests including 

Ramsey RESET Test and Chow forecast test were 

done on the estimated model and the results confirm 

its validity. Therefore, the research result with good 

reliability could be used by NIOPDC for subsidized 

fuel allocation and by other shipping companies for 

estimating their ship fuel consumption. Results reveal 

that the amount of fuel consumption estimated by 

FAO formula is about 50% greater than the one 

estimated by the linear model for the whole database. 

So, the ration of fuel consumption is decreased by the 

linear model. This reduction of subsidized fuel 

allocation to marine vessels by 50% is purposefully. 

Official statistics show that about 2.5 million liters of 

subsidized fuel products are allocated to marine 

vessels every day. For example, when the price of 

subsidized gasoil and global price are considered to be 

3000 IRR and 16000 IRR, respectively, this gap is 

defined as subsidy price. Then, 50% reduction in fuel 

ration will lead to saving of about 16.25 billion IRR 

for NIOPDC every day. This number amounts to 

about 487.5 billion IRR in one month and the huge 

amount of about 5,930 billion IRR in one year! 
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Figure 3. Comparison of actual and estimated fuel consumption 
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