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What will be the effect on freight rate due to technological 

innovation in fuel system which changes the speed and fuel price? 

 

 
 
 

 

Abstract: Recently MARPOL had imposed a strict regulation on the sulfur emission control 

which triggered the innovation in shipping industry. The innovation is proposing various 

alternative methods which affect the speed and fuel price. In this paper we will analyze how 

speed and fuel price influences the freight rate.  
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INTRODUCTION 

In the maritime industry, research and development is triggered by International Maritime 

Organization‟s (IMO‟s) Sulphur Oxides (Sox) – Regulation 14 of MARPOL
1
. These fuel oil 

sulfur limits will change over the period as per regulation -14 below: 

Sox limits outside emission control area Sox limits inside an emission control area 

0.50% m/m on and after 1
st
 January 2020 0.10% m/m on and after 1 January 2015 

Source: www.imo.org  

This stringent regulation on sulphur oxide emission rules has made the ship operators to 

refine the strategies regarding fuel oil emission. Many ship owners and machinery 

manufacturers were speculating that LNG will be the fuel of future shipping Industry. 

Currently cleaning the fuel oil on board or the sulfur emissions with scrubber are 

complicated. It is also not viable with the current technology of machinery in the marine 

industry. 

This regulation will also create the impact on the supply function of the shipping industry. 

The supply function of the shipping industry depends upon the speed of the vessel fleet and 

price of fuel. If some alternate fuel is used in the shipping industry, it affects the supply 

function of the ship. The freight rate mechanism depends upon the supply and demand 

function of the ship. So any change in the supply function of the will severely affect the 

freight rate in the shipping industry. 

If for e.g. If we consider that the alternate fuel will be LNG, we have to consider the 

characteristic of engine, cruising range, fuel price and consumption. These characteristic will 

severely affect the supply function of the ship. But these characteristic can be optimized to 

current system to certain level. It will affect several characteristic of ship like layup point, 

Marginal cost for increasing speed, efficiency tonnage of the fleet etc., 

If the alternate fuel affects the freight rate mechanism, this will significantly influence the 

market cycle of the shipping industry. The predictability of the market cycle will be more 

complex than before due to fact that there is no history of statistical data. It will also 

significantly affect the shipbuilding production and the scrapping rate of the vessel. Let us 

analyze how this regulation and technological development will affect the freight rate of the 

shipping industry. 

http://www.imo.org/
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A SEARCH FOR FREIGHT MODEL 

The cost of providing an additional tone-mile of transport depends upon the freight rate and 

marginal cost. The additional tone-mile is supplied by the ship owner when the marginal cost 

equals the freight rate. The relationship between speed and freight rates can be defined as 

follows by Evans and Marlow (1990).
2 

𝑠 = √
𝑅

3𝑝𝑘𝑑
 …………………………………………………………….…(1) 

Where (s = optimum speed in miles per day; R= Voyage freight rate; p = Price of fuel; k = 

the ships fuel constant; d = distance) 

 

The Revenue per deadweight
2
 of the shipping company can be defined as 

Rtm = (Ptm.FRtm) / DWTtm ……………………………………………..…(2) 

Where (R = Revenue per dwt per annum; P = Productivity in ton miles of cargo per annum; 

FR = Freight rate per ton mile of cargo transported; t = time period; m = Ship type) 

 

The two famous studies appeared for the equation of freight rates by Jan Tinbergen and 

T.C.Koopmans which later initiated the development for future econometric model in freight 

rates. These two equations were pioneers which act as protype formula which had 

traditionally adopted in later studies. The two famous equations are
3 

D = 1.7 A – 1.6 B + 0.4 C ………………………………………………(3) 

D = 0.66 A – 0.29B + 0.46 C…………………………………………….(4) 

(Where D = Ocean Freight Rate Index; A = Demand index of tonnage; B = supply Index of 

tonnage and C = the fuel coal price index) 

 

The Total cost of cargo per tonne
4
 can be written as  

C= 2/nh1∑ipiqiS
ei-E1

 + 2D/µh2∑jpjqjSj
ej-E2 

+ C3 ………………………….(5) 

C1= 2/nh1∑ipiqiS
ei-E1

 (Cost per ton in port) 

C2=2D/µh2∑jpjqjSj
ej-E2

 (Cost per ton in Sea) 

C3 = Total cargo Cost per ton. 

( Where n = effective work hours , h1 and h2 are proportionality constant for specific ship , p 

and qS
e
 represents price and quantity of fuel consumption per day , „i‟ and „j‟ represents port 

and sea , E1 and E2 are the elasticity of handling and hauling capacity with respect to ship 

size ) 
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Note In all these equations fuel price and speed plays a role in the freight rate. For the cape 

size ship, fuel cost contributes around 37% of operation cost in the cape size vessel and 

further more in the container vessel. 

 

SUPPLY AND DEMAND FUNCTION OF SINGLE SHIP AND WHOLE FLEET 

 

 

 

 

 

 

 

 

 

 

 

 

Let us assume that the above diagram represents the supply and demand for the bulk carrier 

ship. The equation (1) represents the supply function of the ship which holds the shape of the 

hockey stick. As we can see from the curve that supply increases as the ship increases speed. 

In the diagram OX1 represents the supply function of the ship during layup, at speed X1, the 

operation cost will be below freight rate and the ship will be laid up at this point as there was 

no profit in this case. The point X2 is the maximum speed in which the ship can proceed, at 

this point freight rate is very high and there is huge demand for the ship. 

So we can define Freight rate elasticity of supply can be defined as percentage change in 

tonne – mile supplied divided by the percentage change in freight rate. 

𝐹𝑟𝑒𝑖𝑔𝑡 𝑟𝑎𝑡𝑒 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑠𝑢𝑝𝑝𝑙𝑦 =  
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡𝑜𝑛𝑛𝑒 𝑚𝑖𝑙𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐𝑎𝑛𝑔𝑒 𝑖𝑛 𝑓𝑟𝑒𝑖𝑔𝑡 𝑟𝑎𝑡𝑒
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Fig: 1 (Supply function of a ship) 
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Now tonne – mile supplied will be the productivity of ship. The productivity of the ship can 

be defined as
2
: 

P = 24.S.LD.DWU ……………………………………… (7)  

(S = Average operating speed per hour, LD = Loaded days at sea per annum, DWU – 

Deadweight Utilization; these are the factors which affects the tonne – mile) 

The Freight rate depends upon demand index of tonnage, Supply Index of tonnage and total 

cost of cargo per tonne. We can assume „A‟ as Supply index of tonnage and „B‟ as demand 

index of tonnage. So we can write freight rate elasticity of supply from equation 6 and 7 as: 

𝐹𝐸 =
𝛥(24.S.LD .DWU )

𝛥( C1+C2 + C3 )
…………………… (8) 

The Equation (1) is considered and formulated as perfectly competitive market. So in this 

case, we are eliminating supply index of tonnage and demand index of tonnage.  

The Demand curve „D‟ is inelastic because there is lack of substitute product for competing 

transport mode. In a short run, there are no alternate strategies to send the cargoes and less 

freight rate does not tend the shipper to send more cargoes. The point at which the supply and 

demand intersects is the equilibrium point where the tone mile required for that particular 

freight rate. The supply function for the whole fleet of ship will be the aggregate of the 

supply function of the fleet. X = ∑ X10 = X1+X2+X3+X4+X5+X6+X7+X8+X9+X10 (Where 

X1 to X10 where the supply function of the ten ships). It can be graphically explained below: 

 

 

 

 

 

 

 

 

 

1 2  3       4    5    6      7        8    9      10       S Freight rate 

 

 

 

 

 

                   O 

Tonne – mile per period 



Deepak Sekar 
    

5 
 

 

In the above diagram, Curve „S‟ represents the supply function of the whole fleet of ten ships. 

The supply function of the ten ships is raised from ship 1 to ship 10 considering the fact that 

age is increased from vessel 1 to 10. The layup point increases with age of the ship because 

the operation cost increases with age of the ship. For e.g., the ship- 3 has layup point at c and 

when the demand runs below the point „c‟, the ship 3 will not be efficient in the market since 

the marginal cost exceeds operation cost. In the above diagram, ship 1 to 7 will be in market 

and ship 7 to 10 will get laid up due to marginal cost higher than operation cost. 

The efficiency tonnage = capacity to load x 30/ (days taken for voyage) 

The efficiency tonnage for the ship below 4 is 4d. The point a,b,c,d form a curve forms a 

supply function for the four ships in the market.  

ASSUMPTIONS BEFORE ANALYSING 

Since we will be using Evans and Marlow model of speed and freight rate relationship, the 

following assumptions has to be made before analyzing. The equation (1) has been 

formulated by assuming the market is competitive since the relation is very complex due to 

factors anchorage, deadweight utilization, owner‟s decision on voyage, economies of scale, 

port congestion etc. influences in normal market structure. The following assumptions made 

before analyzing are 

 Market is competitive.( i.e., Supply & Demand for the tonnage is equal) 

 Size of the ship is constant 

 Analyzing only the ship for particular group of commodity ( i.e., Iron ore Market , Oil 

Market , Container etc.,) 

 Fixed cost and maintenance cost for both fuel systems are constant 

In general all factors influencing freight rate kept constant except fuel price and speed. When 

we talk about the fuel price, it is the total fuel price of consumption per time. 

ANALYSIS OF FREIGHT RATE IMPACT DUE TO NEW FUEL SYSTEM 

The shape of the supply function of the curve and elasticity of the freight depends upon the 

equation (1) and (8). From these equations we will analyze what will happen to the freight 

rate with respect to marine diesel engine.  



Deepak Sekar 
    

6 
 

It is not necessary that the new ship will have the identical curve. The elasticity of the curve 

can change depend upon the marginal revenue to increase the speed for that particular freight 

rate. From the equation (1) the supply function speed depends upon freight rate, price of fuel, 

fuel constant. For e.g., for every one mile increase in speed, if there is more fuel consumption 

therefore it requires more percentage increase in freight rate than before then it will be more 

inelastic than current ship. As we can see from the figure below, the supply function can take 

many forms. 

 

                                         

 

 

 

 

 

 

 

We can see the above figure that there is no significant increase or decrease to tonne-mile 

since the demand curve is inelastic. So we can say that the sea trade is not significantly 

affected by the freight rate. If the freight rate is high than previous some commodity is not 

traded. The layup point is associated with the price of fuel. If the price of fuel is reduced and 

speed is constant, the layup point is reduced since operational cost reduces. The cruising 

speed range changes the elasticity and shape of the curve changes. But in general freight rate 

elasticity depends upon both fuel price and speed as we can see from equation (8). The 

different possibility can be explained graphically below. 
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As we can see the different cruising range can posses different characteristic of the curve. 

The significant impact on the freight rate will be on the peak demand since the vessel cannot 

increase the speed more than required by the market. But the freight rate depends mainly 

upon the elasticity of the curve. So the elasticity depends upon two factors - marginal cost to 

increase the speed (i.e. the fuel consumption & fuel price) and cruising speed range factor. 

CONCLUSION 

The fuel price and the speed has significant impact on the freight rates. The price of the fuel 

is associated with layup point of the vessel. If the price of total consumption of fuel reduced, 

then lay up point reduces and vice versa if the price of total consumption of fuel increases. 

The cruising speed range of a ship is associated with the demand for the tonnage of the ship. 

If the cruising range is less than current ship then the fleet size increases to cope up with the 

demand for tonnage. The cruising speed range of the ship also affects the elasticity of the 

curve. As we can see from the Fig.1 the curve deflects and become inelastic at which the 

vessel cannot increase its demand. At this point, the demand is very high and all the vessels 

are running in full speed. 

The freight rate for any demanded tonnage cannot be ascertained unless the characteristic of 

engine and fuel type is known. It depends upon the elasticity of the curve which is derived at 

equation (8). For eg, even the price of fuel is less for the new fuel system, the freight rate for 

the demanded quantity can be considerable more than current ship. This is due to the reason 

that marginal cost for increasing the speed is higher in new vessel. It is associated with the 

characteristic of the engine and there may be heavy consumption of fuel for increasing in 

speed or the maintenance cost increases with the increase in speed.  

Even if the new fuel price increases or decreases, the freight rate at any demanded quantity is 

relative to the elasticity of the ship. The elasticities depend upon the marginal cost to increase 

the speed. If the marginal cost to increase the speed is more than current ship than the supply 

curve of new ship is inelastic relative to the current ship and vice-versa if the marginal cost to 

increase the speed is less than current ship. So the new MARPOL Regulation – 14 plays a big 

role in future freight rates. As we can see from the analysis, the engine characteristic and 

price of the fuel plays a role in freight rate in future. 
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