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Abstract 

Global warming accelerate the melting of Arctic ice cap, which enhances the possibility 
of using Northern Sea Route (NSR). On the traditional Asia-Europe route, ships will be 
transported through the Suez Canal. However, the opening of NSR will give shipping 
companies that operate Asia-Europe routes a new route choice. Compared with 
traditional routes, the distance traveled by NSR is shorter, and the corresponding 
transportation time is also shorter. In this paper, we studied the route planning problem 
considering the opening of Northern Sea Route, established an integer programming 
model and solved it with CPLEX. According to the results, we can find that the choice of 
passing NSR will greatly reduce the sailing time, but passing NSR will take more costs. 
The results of the examples in this article can help shipping companies make 
preliminary route decisions about NSR. In addition, the route planning model built in the 
article can help shipping companies plan new routes. 
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1. Introduction 

The Arctic Ocean may have a summer ice-free state in 2050 by the latest research, making the opening 

of the entire Arctic Ocean route which is a maritime channel on the Arctic Ocean become possible. 

This channel which is divided into the Northern Sea Route (NSR) and the Northwest Passage (NWP) 

is the shortest route connecting the Pacific Ocean and the Atlantic Ocean. The Northern Sea Route 

departs from Northern Europe, travel east through the Arctic Barents Sea, Kara Sea, Laptev Sea, 

Novosibirsk Sea and Chukotka Sea to the Bering Strait. In this route, there are as many as 58 straits 

connecting the five seas, of which the number of the most important straits are 10. The voyage of 

NSR is shorter than that of the traditional transportation route, so its opening will greatly shorten the 

distance of transportation and reduce the cost of shipping.  

The change of mileage between the major ports in Europe and Asia will bring the huge commercial 

value. As we all know that the shipping market has not got rid of the trough, if NSR is opened, it will 

help shipping companies reduce transportation costs, provide more punctual and faster transportation 

services, and will undoubtedly bring new benefits to the shipping market. If NSR is fully opened, it 

will become a new maritime channel connecting Asia, Europe and America, and change the shipping 

market pattern. The shipping companies have to make an important decision on how to develop the 

shipping market in this route and how to plan and operate NSR in this situation. At present, most of 

the transit cargoes on the Arctic Ocean route are oil products, bulk cargoes and groceries because of 

the limitation of the navigation period of the Arctic Ocean route, but in the long run, container cargo 

will become the main type in this route. 
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In order to complete the route planning for NSR, the article will build an integer programming model 

and use the case data to solve it to obtain the optimal route planning solution which will be the least 

cost solution for shipping companies to choose. The article is organized as follows. Section 2 

introduces the related researches about NSR by other scholars. The problem is described in detail in 

section 3. In section 4, the mathematical model is presented, while in section 5 the result is reported. 

Section 6 concludes the article and discusses suggestion for future research. 

2. Related work 

The economic research on the Arctic Ocean Routes has gradually increased since the 1990s. In the 

research on the Arctic Ocean Route, many scholars also consider NSR alone for economic analysis. 

Jerome and Christophe made an analysis of the relative costs of various axes in NSR which included 

in the Asia–Europe transport network [4]. Xu et al. calculated the detailed cost of shipping in the 

route and analyzed the economic advantage of NSR in different season [6]. Rahman et al. used 

PESTEL analysis to find the implication in the opening of NSR on Maritime Sector of the Malaysian 

economy [3]. Lasserra summarized the model of economic research on the Arctic Ocean route from 

1999 to 2011, and found that the economic research of the Arctic Ocean route mainly focused on the 

economic analysis of container transit transportation [5]. Furuichi and Otsuka introduced the maritime 

trade of NSR between East Asia and Northwest Europe and discussed the relationship between 

maritime trade and distance of NSR [7]. 

In recent years, more and more scholars have begun to pay attention to solve route planning problems 

through modeling. Karlaftis et al. formulated the routing problem with pick-ups, deliveries and time 

deadlines and solved it with a hybrid genetic algorithm [10]. Kepaptsoglou et al. developed a 

stochastic model to determine optimal route between a hub and several spoke ports [9]. Zhao et al. 

built a two-stage optimization model to design a multi-port multi-trip liner service network of NSR 

[1]. Lin and Chang proposed a time-space network-based mathematical formulation to solve NSR 

routing problem for liner shipping [2]. Wang et al. assessed the impact of opening of NSR in quantity 

by discrete choice model and established logit models based on the choice data [8]. 

In this work, we establish an integer planning model which consider the cost of shipping to plan the 

route of ships along NSR. 

3. Problem description  

The target in this article is planning the new shipping routes which consider NSR from the perspective 

of shipping companies. To be specific, the model in this article take into account the range of ports, 

the order of call at ports and the routes along the way for liner transportation. The object of the model 

which in the background of the Asia-Europe container liner transportation is to find the maximal 

profit of the route. The result of this model is the preliminary planning of container liner routes, which 

will mainly provide theoretical support for shipping companies’ planning and decision-making for 

operating routes including NSR. 

In order to further explain the problem of route planning for Eurasian container liner transportation 

through the Arctic Ocean route studied in this article, Figure 1 shows a case of port selection and 

route selection for Asia-Europe container route. Ports 1 to 11 which divided into Asian ports and 

European ports are available for selection. Route planning is to determine which ports should be 

included in the route range through optimization, how to arrange the order of the ports in the route, 

and finally determine one Routes that minimize cost. This planning considers multiple ports, 

considers route selection and port sequence arrangement in port planning. It is good for evaluating 

the economics of routes and can be a preliminary reference for route operations. 
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Figure 1. Example of liner ship route between Europe and Asia Two or more references 

 

4. Model formulation 

In section 3, the problem is described in detail. In this section, the mathematical model is presented. 

The assumptions need to be clarified before establishing the model. The model assumptions are as 

follows: 

The demand for container transportation between ports is known. 

The demand for container transportation between ports is stable. 

The consignment fee of ports is calculated on average. 

Service time of each ports are set as a constant. 

Each port of routes is served only once, by containerships with predetermined capacity. 

Before providing the formulation of the problem, the notations used should be defined. Let: 

𝑥𝑖𝑗 = {
1 𝑖𝑓 𝑡ℎ𝑒 𝑟𝑜𝑢𝑡𝑒 𝑢𝑠𝑒𝑠 𝑎𝑟𝑐(𝑖, 𝑗)     

0        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒             
 

𝑦𝑘 = {
1 𝑡ℎ𝑒 𝐹𝑙𝑖𝑔ℎ𝑡 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑠𝑒𝑙𝑒𝑐𝑡 𝑁𝑆𝑅
0 𝑡ℎ𝑒 𝐹𝑙𝑖𝑔ℎ𝑡 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑠𝑒𝑙𝑒𝑐𝑡 𝑆𝐶𝑅

 

𝐶: Set of ports 

𝐵: Set of selected routes 

𝑁: Number of ports 

𝑖, 𝑗, 𝑚: Nodes ∈ C 

𝑐𝑖𝑗
1 : Travel cost for arc (𝑖, 𝑗) 

𝑐𝑖
2: Port-related costs for port 𝑖 

𝐶𝑁𝑆𝑅 : Total cost of passing Northern Sea Route 

𝐶𝑆𝐶𝑅: Total cost of passing Suez Canal Route 

𝐶𝑅: Fixed costs of sailing the route 

The mathematical formulation of the problem is the following: 

𝑀𝑖𝑛 𝑍 = ∑ ∑(𝑐𝑖𝑗
1

𝑗∈𝐶𝑖∈𝐶

∙ 𝑥𝑖𝑗) + ∑ 𝑐𝑖
2

𝑖∈𝐶

∑ 𝑥𝑖𝑗

𝑗∈𝐶

+ 𝐶𝑁𝑆𝑅 ∑ 𝑦𝑘

𝑘∈𝐵

+ 𝐶𝑆𝐶𝑅 ∑(1 − 𝑦𝑘)

𝑘∈𝐵

+ 𝐶𝑅  (1) 

Subject to 

∑ 𝑥𝑖𝑗𝑖∈𝐶 = 1     ∀𝑗 ∈ 𝐶 (2) 
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∑ 𝑥𝑖𝑗𝑗∈𝐶 = 1     ∀𝑖 ∈ 𝐶 (3) 

∑ 𝑥𝑖𝑚𝑖∈𝐶 = ∑ 𝑥𝑚𝑗𝑗∈𝐶    ∀𝑚 ∈ 𝐶 (4) 

∑ ∑ 𝑥𝑖𝑗𝑗∈𝑆𝑖∈𝑆 ≤ |𝑆| − 1   2 ≤ |𝑆| ≤ |𝑁| − 2   𝑆 ⊂ 𝑁 (5) 

 𝑥𝑖𝑗 ∈ {0,1}        ∀𝑖, 𝑗 ∈ 𝐶 (6) 

 𝑦𝑘 ∈ {0,1}        ∀𝑘 ∈ 𝐵 (7) 

Objective function (1) minimizes the total travel cost of the route. Constraints (2) and (3) guarantee 

that each port is visited only once by ship, while constraint (4) indicates the balance of flow at each 

port. The function (5) avoids the appearance of inner loops in the result. The function (6) and (7) 

defines variables and parameters. 

The total cost in function (1) contains multiple different costs. The cost of navigation between ports 

can be calculated based on the distance between ports. Function (8) show the calculation. 

𝑐𝑖𝑗
1 = 𝑑𝑖𝑗 ∙ 𝐹 ∙ 𝑘 (8) 

𝑑𝑖𝑗: Distance between port 𝑖 and port 𝑗 

𝐹: Fuel price  

𝑘: Fuel consumption per nautical mile 

When the shop is docked in the port, corresponding cost which include port handling fees and Port 

commission should be considered. Function (9) is calculation of the port cost. 

𝑐𝑖
2 = 𝑐𝑖

𝐸 + 𝑐𝑖
𝐻 (9) 

𝑐𝑖
𝐸: Port commission in port 𝑖 

𝑐𝑖
𝐻: Port handling fee in port 𝑖 

When sailing between Asia and Europe, ships can choose to sail through the Suez Canal Route or 

NSR. Different costs incurred when passing different routes. Function (11) shows the calculation 

method of cost passing NSR, and (12) is the cost of Suez Cannel Route. What’s more, the calculation 

method of total operating cost is function (10). 

𝐶𝑇 = 𝐶𝑐𝑟𝑒𝑤 + 𝐶𝑚𝑎𝑖𝑛 + 𝐶𝑖𝑛𝑠 + 𝐶𝑚𝑎𝑛𝑎 (10) 

𝐶𝑐𝑟𝑒𝑤: Crew cost 

𝐶𝑚𝑎𝑖𝑛: Maintenance cost 

𝐶𝑖𝑛𝑠: Insurance cost 

𝐶𝑚𝑎𝑛𝑎: Management costs 

𝐶𝑇: Total operating cost 

𝐶𝑁𝑆𝑅 = 𝐶𝑁𝑆𝑅
𝑇 + 𝐶𝑁𝑆𝑅

𝐹  (11) 

𝐶𝑆𝐶𝑅 = 𝐶𝑆𝐶𝑅
𝑇 + 𝐶𝑆𝐶𝑅

𝐹  (12) 

𝐶𝑁𝑆𝑅
𝑇 : Total operating cost of passing Northern Sea Route 

𝐶𝑆𝐶𝑅
𝑇 : Total operating cost of passing Suez Canal Route 

𝐶𝑁𝑆𝑅
𝐹 : Fuel cost of passing Northern Sea Route 

𝐶𝑆𝐶𝑅
𝐹 : Fuel cost of passing Suez Canal Route 

5. Example and Result 

5.1 Example description 

This article selected some important ports on the Asia-Europe route, including Qingdao, Shanghai, 

Ningbo, Yantian, Hong Kong, Felixstowe, Hamburg, Rotterdam, Zeebrugge and Algeciras. The 
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opening of the Northern Sea Route will have an important impact on these ports. The navigation 

distance between ports is shown in the Table 1. Using the model that we establish in section 4, we 

can find the best route planning through these ports. 

 

Table 1. Distances between ports in nautical miles 

 

 

Voyage costs mainly include fuel costs, Suez Canal fees and ice-breaking costs for NSR. Fuel costs 

account for the largest proportion of voyage costs. The fuel cost can be calculated by the distance 

beteeen ports. An ordinary ship consumes about 0.3 tons of fuel per nautical mile in non-icing waters, 

and about 0.5 tons of fuel per nautical mile in icy waters. This article assumes that the ship uses IF380 

type of fuel at a price of $580 per ton. Fuel costs between ports are calculated based on these data, 

the results are shown in the Table2.  

Table 2. Cost between ports by calculate (Units: USD) 

 

 

Table 3. Estimated cost of Suez Canal Route (SCR) and Northern Sea Route (NSR) (Units: USD) 

 

 

Compared with the traditional Suez Canal Route (SCR), NSR has a shorter distance and a much 

shorter sailing time. Although NSR has a shorter voyage, the operating cost and fuel cost are higher 

because this route needs to sail in ice regions. 

Distance Felixstowe Hanmburg Rotterdam Zeebrugge Algeciras Qingdao Shanghai Ningbo Yantian Hongkong

Felixstowe 375 128 85 1300 7937 7896 7938 8572 8595

Hanmburg 375 300 390 1640 7884 7843 7885 8519 8542
Rotterdam 128 300 82 1383 7910 7869 7911 8545 8568
Zeebrugge 85 390 82 1316 7079 7038 7080 7714 7737
Algeciras 1300 1640 1383 1316 8322 8281 8323 8957 8980
Qingdao 7937 7884 7910 7079 8322 417 437 1150 1161
Shanghai 7896 7843 7869 7038 8281 417 158 842 853
Ningbo 7938 7885 7911 7080 8323 437 158 728 739
Yantian 8572 8519 8545 7714 8957 1150 842 728 68
Hongkong 8595 8542 8568 7737 8980 1161 853 739 68
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The crew of ships sailing in the ice area needs to have special training and obtain special certificates. 

Therefore, the cost of crews on NSR is higher than that of the traditional container routes. As ships 

sailing on the Arctic Ocean are vulnerable to damage due to severe weather and ice floes, insurance 

rates and maintenance costs will be higher than those on ordinary routes. Taking the operating costs 

of general ships as a reference and considering the special circumstances ofNSR, the operating costs 

of NSR can be roughly predicted. The calculation results of fuel and operating costs for ships passing 

through SCR and NSR are shown in the Table 3. 

5.2 Result 

Due to the differences in the ice conditions of the Arctic Ocean in different seasons, shipping 

companies will choose to avoid NSR when the ice is thick. This article divides the analysis of the 

optimal path into three situations, namely, passing through SCR only, passing through NSR only, and 

passing through SCR and NCR. By solving the route planning model under different route choices, 

the results is shown in the Table 4. Under different selection, this paper uses CPLEX to solve the 

model under the case. And then the optimal path, route distance, and sailing time can be calculated 

by the solution result. What’s more, the profit can be calculated by the income and cost. 

 

Table 4. Results under different route selection 

 

 

According to the results, we can find that the choice of NSR can greatly reduce the navigation time 

and distance. When both the round-trip passes through NSR, the entire sailing time is about 51 days, 

while the round-trip through NSR and the SCR it takes 60 days, and the round-trip only passes through 

the SCR, the voyage time takes 67 days. If the voyage period of the ship is considered, choosing NSR 

will greatly shorten the voyage time, improve the ability of the shipping company to guarantee the 

voyage period, and increase customer satisfaction. 

When considering the cost of sailing, we can find that the cost of round-trip only through SCR is 

lower, and the cost only through NSR is higher. The case in this article is discussed under the 

condition of good traffic conditions in the Arctic Ocean. Only the operating costs and fuel costs when 

passing through the ice area are considered. In fact, the ice area of the Arctic Ocean will also generate 

a large amount of icebreaking fees, which will make sailing costs of NSR higher. 

In summary, the opening of NSR will reduce sailing time, but passing through NSR will make more 

costs. Therefore, SCR and NSR are more competitive in the Asia-Europe route. Shipping companies 

also need to consider their own service focus when choosing routes. For the transportation of general 

cargo, shipping companies are more considering the use of SCR to reduce costs. For some special 

cargoes with higher value, shipping companies can choose NSR to take advantage of shorter sailing 

time, increase transportation fee and obtain higher profits. 

6. Conclusion 

In this paper, we studied the route planning problem considering the opening of NSR, established an 

integer programming model and solved it with CPLEX. The route planning model mainly considers 

the relationship between various costs of navigation and port selection, and the model provides 

specific calculation methods. In the process of solving the example, considering the different choice 

of shipping companies in different seasons, the three cases of passing NSR only, passing NSR and 

SCR, and passing SCR only were respectively planned and solved. The result of the solution includes 
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the total route distance, sailing time, route cost, and route profit. According to the calculation results, 

we can find that the choice of passing NSR will greatly reduce the sailing time, but due to the special 

conditions of the ice region, passing NSR will take more costs. 

With respect to future extensions, it should be noted that shipping companies need to consider more 

conditions in the actual route selection. For example, the loading and unloading volume between 

different ports will affect the choice of calling ports. Therefore, in future research, more conditions 

and constraints can be added to ensure that the route planning model is more realistic. In addition, 

since the corresponding regulations of the Arctic route are not sound, the estimation of icebreaking 

fee may be inaccurate. After the relevant laws and regulations are improved, the route planning of 

Asia-Europe routes will also have more precise choices. 
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