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Abstract 

Container liner route allocation is a strategic issue for shipping companies, because 
changes in fuel cost will affect the number of ships allocated in liner route operations. 
Based on the recent oil price war launched by Saudi Arabia, which has caused global oil 
prices to plummet by nearly 60%, this article considers that when fuel consumption 
costs drop significantly, and considering the value of goods, the shipping company 
adjusts the speed and uses speed as a variable to constitute the liner route model with 
the smallest operating cost.We use the LINGO software algorithm to solve for the number 
of configurations on the route and the number of ships in operation when the oil price 
drops to a certain level. The analysis results show that when the oil price drops, 
increasing the speed of the ship taking the value of the cargo into account can result in 
fewer ships on the route, higher transportation efficiency, and lower total cost. Whether 
in the current market environment or feasible in the future, the algorithm in this paper 
can serve as an efficient linear service planning tool for shipping companies. 
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1. Introduction 

The allocation of ships on liner routes means that the liner company puts an appropriate number of 

ships on the route at the lowest cost while meeting the operational and technical requirements. In the 

current international environment, whether each shipping company can reasonably allocate ships on 

routes is directly related to the shipping company's economic benefits. In actual operation, when oil 

prices plummet, appropriately increasing ship speed can effectively improve ship operation efficiency. 

When other conditions remain unchanged, the number of ships allocated can even be reduced in long-

distance routes to achieve the lowest total cost or when the shipping market is booming. Improving 

operating efficiency under constant conditions makes shipping companies have strong 

competitiveness in the market. 

Currently, due to the weak growth of global trade and excess capacity. This has caused financial 

difficulties for some shipping companies in the market, such as COSCO SHIPPING, and shipping 

companies have "cut down on food and clothing" to cope with the economic recession. Many scholars 

conduct research from different perspectives. Through quantitative analysis of the costs of the voyage, 

Evans found that fuel costs account for a very large proportion of operating costs. Controlling the 

speed can greatly increase the voyage revenue. On the basis of this, Tang Limin and others considered 

the impact of speed on liner allocation, and found that when the market is down, the speed can be 

appropriately reduced to reduce fleet costs and absorb more idle capacity. Ronen found that when the 

fuel price is about US$500 per ton, the fuel cost accounts for about three-quarters of the total cost of 



 

 

95 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 2, 2021 

DOI: 10.6919/ICJE.202102_7(2).0012 

a large container ship, and it is estimated that the fuel quantity and speed are approximately equal to 

3. Hwa-Jppng Kim starts from the goal of maximizing profit, comprehensively considering the three 

aspects of speed, route and scale to make decisions. From the perspective that the cargo owner is a 

"rational economic man", with the goal of minimizing the actual value loss of the cargo and the lowest 

operating cost of the liner company, they constructed an optimization model and found that simply 

reducing the speed will lead to an increase in the time value of the cargo, and the cargo owner may 

suffer additional costs. Loss, lost opportunities for high profits. Combining the shipping industry, 

Zhao Gang pointed out that the traditional liner allocation model has been improved and the iterative 

solution method is more realistic. 

Most of the conclusions drawn in the above research models are based on the hypothesis of low speed, 

but in practice, due to the drop in oil prices, there may actually be an optimal solution that is different 

from the theory. By exploring this value, shipping companies may be more in line with current trends. 

Although Evans found that fuel costs accounted for a large part of operating costs, he did not give a 

positive feedback on the total operating costs when fuel costs dropped to a certain level. Tang Limin 

sets the ship speed with the lowest total cost, but ignores the impact of other factors such as ship 

turnover when fuel costs decrease. This study attempts to see that fluctuations in oil prices may affect 

companies’ adjustments to speeds. Taking into account factors such as differentiated pricing and ship 

turnover, it will then affect cargo owners’ willingness to choose liner companies to maximize liner 

profits and become more competitive. 

2. Model construction 

2.1 Problem description and assumptions 

Assuming that the liner company currently operates L routes and has S types of ships and there are a 

total of M container ships, the operating mode of the ships on the routes is to load and depart at the 

loading port once, and unload the cargo at the unloading port in one time. The background is the 

decline in the oil price market, while other conditions such as freight volume remain unchanged. Now 

the company’s route is allocated to ships, a ship allocation model is established, and the designated 

speed of the designated ship is specified, so that operating profit, the competitiveness of the shipping 

company, and low-carbon requirements can be achieved. How to make the shipping company obtain 

the most reasonable allocation under various constraints? The boat problem. 

2.2 Related assumptions 

In order to facilitate research, make the following assumptions 

(1) The shipping company has a certain number of ships, and will not consider building new ships 

and chartering foreign ships during the planning period 

(2) The plan period is 345 days 

(3) It is known that the cargo flow on the route is stable and occurs evenly within the plan 

(4) The goods can be transported earlier than expected and can be calculated using a specific rate 

(5) During the planning period, each route will have a certain amount of carbon emissions 

(6) The order of the calling ports of the liner on the route is determined, and the port will arrive and 

depart on time without leaving the shift. 

2.3 Symbol definition 

The reference symbols in this article are explained as follows: 

Z Indicates the total cost of the fleet 

ijC Indicates the operating cost of the i-th ship on route j during the entire calendar period 

ijX Indicates the proportion of ship i allocated to route j 

jU  Indicates other other costs 
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ijP  Indicates that ship i is allocated to route j 

jQ  Indicates the total amount of cargo to be transported on route j 

V  Indicates the minimum speed specified by the ship 

ijV  Indicates the sailing speed of ship i on route j 

nT  Indicates the time of the round-trip route 

kT  Indicates the ship interval 

m  Indicates the number of ships 

ijT  Indicates the time spent by ship i on route j 

L  Indicates route distance 

st  Indicates the berthing time of the ship 

]ij[O  Indicates the freight rate of ship i on route j after considering the value of the goods 

ijO  Indicates that the freight rate of ship i on route j without considering the value of goods 

fC  Indicates fuel price 

 Indicates Increasing speed causes costs 

  Indicates the proportion of time value gains of customers' cargo obtained by the shipping 

company 

V  Indicates the updated speed 

1sK  Indicates the total cost of sailing 

2sK  Indicates the fixed cost of the ship 

3sK  Indicates the cost of ship fuel 

g  Indicates the unit consumption of diesel engine 

  Indicates the displacement volume of the ship 

Represents the naval constant 

eC  Indicates the effective power of marine diesel engine 

eN  Indicates the optimal speed cost of 1 nautical mile 

Expressed as economic speed 

dS  Represents the total cost of operating at an economic speed 

aV  Indicates the total cost of operating at traditional liner speed 

bV  Expressed as optimal speed 

1K  Indicates the total cost of operating at optimal speed 

2K  Indicates the fixed cost of economic speed operation 

3K  Indicates the fixed cost of operating at traditional liner speed 

4K  Indicates the fixed cost of economic speed operation 

5K  Expressed as the fixed cost of operating at teaditional speed 

6K  Expressed as the fixed cost of operating at optimal speed 

2.4 Model construction and description 

When oil prices fall, the most obvious thing for companies is a significant drop in operating costs, 

but companies hope to use their own effective means to attract supplies to reduce costs and enhance 

their competitiveness. Therefore, this model is trying to find out whether there is an optimal plan for 

increasing the speed to make the cost better and the company more competitive on the premise that 

it has been determined to reduce the cost. 

cC
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In the above formula, formula (1) is the objective function, which represents the solution required to 

minimize the total cost. The first term refers to the total cost of operating the ship, and the second 

term refers to the total idle cost of the ship. The formula (2) indicates that the cargo volume carried 

by all ships in the route must meet the actual required cargo volume. Formula (3) is that the sum of 

the working days of each type of ship on each route is less than the total operating search of the type 

of ship. Tian, formula (4) guarantees the non-negativity of the decision variables, formula (5) 

expresses that the ship’s speed must be within the highest speed, and formula (6) expresses the ship 

that should be equipped in a specific ship cycle. (7) Expressed as the completion time of the i-th ship 

on route j 

2.5 Analysis of the impact of ship speed changes and related constraints 

(1) In the planning of liner route allocation, if some minor conditions are not considered and the cargo 

source is stable, the change of ship speed can bring about two main effects. The first is that when the 

price of oil drops and the speed of the ship is increased, the ship’s running time can be shortened, 

which will bring significant differences between the two long-distance routes, so that the cargo 

owner’s time value gains will be improved. At this time, the cargo owner is more willing Pay more 

freight to the shipping company, so the shipping company can use the compensation function to 

calculate the freight rate, that is, add a certain time value of goods to the shipping company on the 

basis of the freight rate. According to Xing Yuwei's optimization of ocean intercontinental liner speed 

and route allocation under the differentiated pricing strategy, the formula available: 
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Equation (8) shows that when the oil price drops and the newly optimized V speed is faster than the 

original speed V, the time value of the cargo saved is calculated according to the  ratio, multiplied 

by Add the expected initial ijO ratio to get the increased  ijO . 

The second point is that when the speed changes, it will lead to changes in fuel costs. According to 

Zhao Gang's "International Shipping Management": 
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Let eN  be the effective power kilowatt of the marine diesel engine, the unit consumption (g/kWh) 

of the diesel engine converted into lubricating oil consumption is g , and the fuel price at that time 

is 燃C  (yuan/ton) 

3sK for: 3sK = eg1024 f
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Substituting the 3sK  formula to get: 
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So the cost change caused by increasing the speed is: 

( )33
fc -VVKCC =                              (15) 

In order to obtain the optimal speed of 1 nautical mile, the cost dS  (without considering the speed 

addition and subtraction) is: 
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Next, in order to prove the conjecture of this article, it is optimal to increase the speed appropriately 

when the oil price drops in the case of considering the increase in cargo value. To this end, there will 

be two sets of comparison groups, namely, the cost saved by the liner company when the oil price 

drops at the original speed under the condition of the cargo value gain, and the cost saved by the oil 

price drop at the optimal speed. Contrary to the experimental conjecture of this article, appropriately 

increasing the speed can have the best cost-saving solution. It can be seen from the above that the 

cost saved by the comparison group according to the original speed can be obtained from equation 

(9). 

The total cost of ceonomic speed is: 

  ）（ QPQPKVCKK *ij-*ija
3
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The total cost of the shipping conpany’s original original is: 
3

f22 KVCKK s +=                              (19) 

The total cost of the best speed is: 

  ）（ Q*Pij-Q*ijb
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3. Algorithm verification and analysis 

Now, take the allocation of ships by Liner A in the next year as an example. The company operates 

3 routes, a total of 3 types of ships, and a total of 20 ships. The annual operating time of all types of 

ships is 345 days. The ship information and related data are shown in the figure. Shown. 
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Table 1 Ship situation during the study period 

Ship type i  Number of ships j  capacityTEU  operating days d  Idle expenses jU /dollor 

1 5 6000 345 450W 

2 7 4500 345 300W 

3 6 3700 345 275W 

 

Table 2 Fuel consumption technical indicators of various types of ships 

Ship type i  Ship constant/k Speed range/Kn 

1 0.0147 14-28 

2 0.0157 14-28 

3 0.0164 13-26 

 

Table 3 Route information 

Line iL  PORT/P Distance/Di interval iJ  demand iQ  

1 
(1)→1350→(2)→2500→(3)→3545→(4) 

→2700→(5)→1605→(6)→1950→(1) 
13650 7 160000 

2 
(1)→880→(2)→1560→(3)→2260→(4) 
→1900→(5)→1600→(6)→2800→(1) 

11000 7 128000 

3 
(1)→2400→(2)→960→(3)→2200 

→(4)→1690→(5)→2750→(1) 
10000 7 100000 

 

Table 4 Value increment coefficient of each route 

Line iL  Value increment coefficient  

1 -0.4 

2 -0.4 

3 -0.4 

 

Table 5 The fixed cost of each voyage for each route at different speeds 

Ship type i  speed l1 /Bi/USD per voyage l2 /Bi/USD per voyage l3 /Bi/USD per voyage 

6000TEU 

17kn-19kn 100000 88480 77000 

>18kn 92000 81000 70000 

<17kn 112000 98500 86000 

4500TEU 

17kn-19kn 82000 68450 59465 

>19kn 74000 62000 53500 

<17kn 92000 76000 66000 

3700TEU 

17kn-19kn 67050 56150 49300 

>19kn 60000 50000 44300 

<17kn 74500 62500 54500 

 

Table 6 The freight rate and average container space utilization rate of each route without ship type 

Line parameter 
Ship type i : 

1 2 3 

1 
Feright i1P TEU/dollor 

Average bin utilization i1r  

500 550 600 

70 75 80 

2 
Feright i2P TEU/dollor 

Average bin utilization i2r  

600 600 650 

70 75 80 

3 
Feright i3P TEU/dollor 

Average bin utilization i3r  

750 750 700 

70 75 85 
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Table 7 Changes in fuel prices in Shanghai 

 

 

Due to the current fluctuations in the oil price market, the calculation is mainly based on the above 

image and the conditions are set under the assumption that the fuel price is reduced from 450 US 

dollars per ton to 300 US dollars: 

According to the above usage model, using LINGO software to solve the inequality constraints, it 

can be found that under the condition of crude oil price of 450 US dollars per ton, the cost of the 

following optimal ship allocation plan is 2.237 US dollars, and the oil price is 300 US dollars per ton. 

The total cost of the plan is USD 135.4 million. The optimal allocation plan for oil prices in this case 

considering the value-added factors of cargo is shown in the figure: 

 

Ship 

type i  

Number of ships 

per route 1 

Number of ships 

per route 2 

Number of ships 

per route 3 

Number of idle 

ships/ship 

1 1 0 0 4 

2 3 0 1 3 

3 0 4 2 0 

Speed 20.8 20.3 19.9  

 

Because the cargo value-added factors are based on the speed of traditional routes, the total cost of 

traditional liners does not take into account the value-added situation of cargo. According to Zhao 

Gang’s International Shipping Management, the speed is regarded as a known quantity, assuming the 

current shift The company’s current average container liner speed for each route is 18kn. According 

to the principle of large ships with large lines, the original total cost was 205.8 million US dollars 

under the condition of falling oil prices. The total cost after falling oil prices is 137.6 million U.S. 

dollars. The following figure shows the specific situation of ship allocation on various routes: 

 

Ship 

type i  

Number of ships 

per route 1 

Number of ships 

per route 2 

Number of ships 

per route 3 

Number of idle 

ships/ship 

1 5 0 0 0 

2 0 4 3 0 

3 0 0 1 5 

speed 18 18 18  

 

The economic speed-matching ship plan is shown in the figure below, the total cost is: 195.9 million 

US dollars, when the oil price drops to 300 US dollars, the cost is 146.2 million US dollars 
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Ship 

type i  

Number of ships 

per route 1 

Number of ships 

per route 2 

Number of ships 

per route 3 

Number of idle 

ships/ship 

1 1 4 0 0 

2 4 0 3 0 

3 1 1 2 2 

speed 15.8 14.9 14.5  

 

Through the comparison of the final total sailing cost of the liner route allocation model based on the 

30% drop in oil prices, the traditional liner allocation model and the economical speed allocation 

model. If the oil price remains unchanged, taking into account the value gain of the cargo, the cost of 

using economic speed is the lowest, which is about 4.8% lower than the cost of the traditional liner 

model, and about 12.4% lower than the orange moon model of the model in this paper. When the oil 

price fell, the cost of the traditional liner model was reduced by 1.6% in this paper, and 7 idle ships 

were released, which allowed the shipping company to have the capacity to invest in other routes. In 

summary, the model in this paper is suitable for shipping companies to increase the speed when the 

oil price drops to a certain level, which can not only reduce costs, but also make ships operate more 

efficiently. 

4. Conclusion 

The issue of liner route allocation and speed planning has always been a key concern and research 

hotspot in the shipping industry. The recent global focus is that Saudi Arabia launched an oil price 

war, which caused crude oil futures to fall from 60 US dollars to 20 US dollars. Based on the well-

known common sense in the past, this article introduces the concept of value-added cargo from the 

perspective of appropriately increasing the speed when the speed is reduced. Regardless of objective 

factors such as changes in cargo volume, a quantitative analysis of the 30% drop in oil prices, how 

shipping companies should allocate ships and how fast the ship is. Finally, through Lingo software 

calculations, the results show that my model can reduce the ship’s operating costs by 1.6% compared 

to the traditional one and the ship’s operating efficiency is higher, which can make cargo owners get 

more satisfactory results. This article has a certain practicability, 

In the research, this article uses oil price and speed as variables. However, in practice, there are 

mechanisms such as carbon emissions and related energy-saving and emission-reduction measures, 

making it difficult for ships to speed up to the speed calculated in this paper. If you introduce related 

concepts. Based on this situation, the route allocation optimization plan will be changed, which is 

also a subject that I need to study further in the future. 
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