
Volume 3 Issue 10, 2022 

DOI: 10.6981/FEM.202210_3(10).0012 

96 

Frontiers in Economics and Management 

ISSN: 2692-7608 

A Review of Research on Vehicle Routing Problem for Electric 
Vehicles 
Fei Peng 

School of Management, Shanghai University, Shanghai 200444, China 

Abstract 
In recent years, China's logistics industry has developed rapidly, and the logistics 
network has become increasingly large. How to optimize the vehicle route is one of the 
key issues to reduce the cost of logistics and distribution. With the continuous progress 
of new energy technology, scholars at home and abroad have given a lot of attention to 
the EVRP problem model and its solution method. With continuous in-depth research, 
many branch problems with more constraints have been developed, and their solution 
methods have become more and more diverse. In order to further sort out the research 
status of EVRP problem at home and abroad, the basic model, variant problem and its 
solving algorithm type of EVRP problem are firstly introduced. 
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1. Introduction 

In recent years, with the rapid development of our country's economy and e-commerce, the 
annual volume of parcel express has continued to increase, and the demand for urban 
distribution capacity has greatly increased. It is undeniable that the rapid development of 
modern logistics industry plays a vital role in economic development. Among them, fuel 
vehicles, as the main means of transportation, have greatly promoted the circulation of social 
materials. However, vehicle exhaust emissions have also brought a series of problems such as 
energy consumption and environmental pollution, and have become an important source of 
pollution that cannot be ignored in urban ecological environment governance. 
In recent years, with the continuous progress and development of new energy vehicle 
technology, it has played a huge application value in the field of urban public transportation, 
and has also shown great application potential in other transportation fields. Compared with 
traditional fuel vehicles, electric vehicles stand out for their environmental protection and 
energy-saving features, and gradually become an important means of transportation in the 
logistics industry. At the same time, the research on electric vehicle distribution route planning 
has attracted the attention of many scholars, and the Electric Vehicle Routing Problem (EVRP) 
has become a new hot research field.  

2. Standard Model of EVRP  

2.1. Elements of EVRP 
VRP was first proposed by Danting and Ramser in 1959 [1], which is also the most traditional 
and classic vehicle routing problem. When the means of transportation changes from 
traditional fuel trucks to electric vehicles, VRP turns into an electric vehicle vehicle routing 
problem, or EVRP. 
The elements of EVRP are slightly different from those of traditional VRP. The main elements 
of traditional VRP are: mileage limit, capacity limit, customer time window, vehicles returning 
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to the warehouse after completing tasks from the warehouse, and each customer can only be 
served by one vehicle. On this basis, elements such as battery capacity, charging station layout, 
charging time, and charging strategy are added to the elements of the electric vehicle path 
planning problem. 
(1) Battery capacity 
With the advancement of technology, the battery capacity of electric vehicles is getting larger 
and larger, but compared with the cruising range of traditional fuel vehicles, the battery 
capacity supports the path that electric vehicles can travel, and it still cannot fully meet 
customer needs. There are still many development opportunities. space. The battery capacity 
and its driving range are inseparably linked. Literature [2] studied the estimation method of 
electric vehicle power battery, and proposed an improved on-time measurement method for 
estimation. 
(2) Layout of charging station 
Although our country's electric vehicles are developing rapidly and the market share is 
increasing year by year, the basic configuration of electric vehicles such as charging stations 
and charging piles are not perfect. In the path planning of logistics enterprises mainly based on 
electric vehicles, the distance that electric vehicles go to charging accounts for a large 
proportion of the total mileage of electric vehicles. Therefore, the location of charging stations 
needs to be considered in the path planning problem of electric vehicles, and the charging 
station cannot be ignored. The distance traveled by the station. The literature [3] discusses the 
battery swap considering the capacity limitation of electric vehicles Station location and electric 
vehicle route planning problem, the location strategy and optimal driving route considering 
electric vehicle route planning are given. 
(3) Charging time 
The charging time of electric vehicles can be divided into slow charging and fast charging. The 
slow charging time is longer, and it is not suitable to use this method to charge during driving. 
The fast charging time is relatively short, and it can be quickly charged during driving. There 
are many factors affecting the charging time, such as the charging voltage and the load of the 
regional transformer. 
(4) Charging strategy 
Most of the research on electric vehicle charging strategies is how to reduce the impact of 
electric vehicles on the grid after they are connected to the grid, and how to queue up for 
charging at the charging station. For example, in the literature [4] taking the load information 
of residential areas as Based on the basis, the charging power of each time period is reasonably 
allocated, and local and global charging strategies are proposed. Combined with case analysis, 
it is shown that the two charging strategies have obvious effects on reducing the peak load and 
grid loss of the grid. 

2.2. EVRP Standard Model 
Here, we present the MIP model of the standard EVRP.Let 𝑉  be the set of vertices with 𝑉 =
𝑉 ∪ 𝐹    , where𝑉 = {1, , , , , 𝑛} denotes the set of 𝑛 customers and 𝐹  is the set of dummy vertices 
related to the set 𝐹 of recharging stations. Vertices 0 and 𝑛 + 1 represent the exit andentrance 
of the depot, and each route must start from vertex 0 and end at vertex 𝑛 + 1. Moreover,we 
define𝐹 = 𝐹 ∪ {0}  ,  𝑉 = 𝑉 ∪ {0}  and𝑉 , = 𝑉 ∪ {0, 𝑛 + 1} . The EVRP is defined on a 
complete anddirected graph 𝐺 = 𝑉 , , 𝐸with the set of edges𝐸 = {(𝑖, 𝑗)|𝑖, 𝑗 ∈ 𝑉 , , 𝑖 ≠ 𝑗} . 
Each edge has a distance 𝑑 , a travel time 𝑡 , and a constant battery consumptionrate ℎ (per 
unit distance) ,i.e. traversing this edge consumes ℎ𝑑 , battery charge. A fleet of identical Evs 
with a loading capacity of 𝐶and a battery capacity of 𝑄 ispositioned at the depot. When leaving 
the depot, EVs have full battery power. Each vertex 𝑖 ∈ 𝑉 ,  has a positive demand 𝑞 , which 
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is 0 if 𝑖 ∉ 𝑉 , and a service time 𝑠 (𝑠 = 𝑠 = 0).At each recharging station, the differ-ence 
between the present battery level and Q is rechargedwith a charging rate of 𝑔  (i.e. full 
recharging policy is adopted). Each customer must be visited by exactly one vehicle,i.e.split 
delivery is not allowed. We define decision variable 𝜏 , as the time of arrival, decision variable 
𝑢 ; as the remaining cargo and decision variable 𝑦 ; as theremaining battery level on arrival at 
vertex 𝑖 ∈ 𝑉 , .Let 𝑥 (𝑖 ∈ 𝑉 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗)  be a binary decision variable that equals 1 if 
edge (𝑖, 𝑗) is traversed and 0 otherwise. The objective of this problem is to minimize the total 
traveling distance. The MIP model for the EVRP is described asfollows: 
 

𝑚𝑖𝑛∑ 𝑑 𝑥∈ , ∈ ,                                                                      (1) 

 
∑ 𝑥∈ , = 1, ∀𝑖 ∈ 𝑉                                                                    (2) 

 
∑ 𝑥∈ , ≤ 1, ∀𝑖 ∈ 𝐹                                                                    (3) 

 
∑ 𝑥∈ , − ∑ 𝑥∈ , = 0, ∀𝑗 ∈ 𝑉                                                       (4) 

 
𝜏 + 𝑡 + 𝑠 𝑥 −𝑀 1 − 𝑥 ≤ 𝜏 , ∀𝑖 ∈ 𝑉 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                                   (5) 

 
𝜏 + 𝑡 𝑥 + 𝑔(𝑄 − 𝑦 ) − (𝑀 + 𝑔𝑄) 1 − 𝑥 ≤ 𝜏 , ∀𝑖 ∈ 𝐹 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                    (6) 

 
0 ≤ 𝑢 ≤ 𝑢 − 𝑞 𝑥 + 𝐶 1 − 𝑥 , ∀𝑖 ∈ 𝑉 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                                     (7) 

 
0 ≤ 𝑢 ≤ 𝐶                                                                                (8) 

 
0 ≤ 𝑦 ≤ 𝑦 − ℎ𝑑 𝑥 + 𝑄 1 − 𝑥 , ∀𝑖 ∈ 𝑉, 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                                    (9) 

 
0 ≤ 𝑦 ≤ 𝑄 − ℎ𝑑 𝑥 , ∀𝑖 ∈ 𝐹 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                                             (10) 

 
𝑥 ∈ {0,1}, ∀𝑖 ∈ 𝑉 , 𝑗 ∈ 𝑉 , 𝑖 ≠ 𝑗                                                   (11) 

 
In the above model, 𝑀 is a sufficiently large positivenumber. Objective (1)minimizes the total 
travelingdistance. Constraint (2) ensures that each customer mustbe served exactly once, and 
constraint(3)states that cachdummy recharging station must be visited at most once.Constraint 
(4) represents flow conservation constraints.Constraints (5) and (6) define the relationship of 
u, and u,which are associated with two consecutivelyvisitedvertices i and j. Constraints (7) and 
(8) guarantee demand fulfillment for each customer. Finally,constraints (9) and(10) guarantee 
that the battery charge level never falls below 0. 

3. Variation Problem with EVRP 

EVRP is the latest extension of VRP, and Conrad and Figliozzi [5] (2011) were the first to extend 
the traditional VRP into the EVRP model, and in the model it is assumed that electric vehicles 
can be charged at specific customer points. After that, many scholars have conducted different 
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researches on EVRP by considering various practical factors, and formed many variant 
problems.  

3.1. EVRP Research Considering Time Windows  
The EVRP research considering time window is to add the time window constraint allowed by 
the service to each customer on the basis of EVRP problem. The time window is a time period, 
a service time interval determined by the earliest service time and the latest service time 
requested by the customer. The time window here is from the perspective of the customer, 
which can be called the customer demand time window. Therefore, considering the VRPTW 
problem, it is not only necessary to carry out vehicle path planning in space, but also need to 
make reasonable arrangements in time. According to the strength of the time window 
constraint, it is divided into a hard time window vehicle routing problem and a soft time 
window vehicle routing problem. The penalty mechanism allows delivery services that deviate 
from the time window. 
For EVRPTW[6], in addition to the above provisions, it is also necessary to consider the 
interference of mileage and charging time on the service time window [7]. The charging time 
depends on the remaining charge when the vehicle arrives at the charging station and the 
charging capacity of the charging station [8]. The charging time is different when the vehicle 
visits the charging station under different power states. If the full charging strategy is adopted, 
since the charging time is fixed, sufficient charging time can be reserved as a buffer when 
determining the customer service sequence; Using a partial charging strategy [9], how to 
choose a suitable charging Timing becomes the key to solving this kind of problem. This kind of 
problem can be combined with the time-varying vehicle routing problem, under the condition 
of different remaining power state and vehicle actual load rate, and under the condition of 
ensuring no overspeed, use a suitable speed combination to hedge charging Time interferes 
with the service process. 

3.2. EVRP Research Considering Multiple Models 
EVRP research considering multiple models is an important extension of EVRP. In EVRP 
research, the research that considers multiple models is mainly reflected in two aspects: one is 
to combine traditional fuel vehicles and electric vehicles into a hybrid fleet at the same time to 
optimize their distribution routes; the other is to fully consider electric vehicles with different 
configuration costs in pure electric fleets Its on-board capacity, cruising range, charging time 
and other differences, rationally optimize its distribution routes. 
Dominik Goeke and Michael Schneider [10] proposed electric with time windows and mixed 
fleets vehicle routing problem to optimize the paths of hybrid electric vehicles and conventional 
internal combustion commercial vehicles, and considering the impact of speed, slope and cargo 
load on energy consumption based on real traffic networks, finally an adaptive large 
neighborhood search algorithm is proposed for the model to solve. Hiermann, Gerhard et al. 
[11] introduced the hybrid vehicle routing problem for EVs and HEVs with time windows and 
charging stations, namely E-FSMFTW, and proposed a branch pricing algorithm and a hybrid 
heuristic algorithm. Jie Wanchen et al [12] Considering the differences in the maximum battery 
capacity, battery charging rate, maximum load capacity, fixed cost and variable cost of different 
types of electric vehicles, the vehicle routing problem for multi-model electric vehicles with 
time windows is studied, and a mixed integer Plan the model and use the branch and bound 
algorithm to find its optimal solution. Guo Fang et al. [13] On the basis of traditional vehicle 
routing optimization, the impact of multiple vehicle models and differentiated service time on 
logistics operating costs was analyzed, and an integer programming mathematical model was 
established. 
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3.3. EVRP Research Considering Different Energy Consumption Models 
In EVRP, the electric energy consumption of the electric vehicle determines the charging cost, 
but more importantly, it also determines the cruising range of the electric vehicle, which 
determines the charging time of the electric vehicle during delivery. Electric power 
consumption in real life is not like Schneider [8] et al., Keskin and Catay [14], Ge Xianlong et al. 
[15] and other scholars describe the linear relationship between electric energy consumption 
and distance in the EVRP model. Xinkai Wu et al. [16]first proposed a system that can collect 
electric vehicle and driver driving data, and used these data to analyze electric vehicle 
performance and driver behavior. Combined with the analysis of electric vehicle power, vehicle 
speed, acceleration and road gradient An analytical model for estimating the energy 
consumption of electric vehicles is proposed. With the continuous development of EVRP, 
realistic energy consumption models begin to play an important role in the path optimization 
model of electric vehicles. Goeke and Schneider[10] constructed an electric power consumption 
function based on relevant factors such as vehicle speed, vehicle load, and road gradient. Based 
on the analysis of charging demand, an EVRP model was established to optimize both the 
driving cost and the energy consumption cost. Zhang, Shuai et al. [17] Introduction This paper 
presents an EVRP model to minimize the energy consumption of electric vehicles, and provides 
a comprehensive calculation formula of electric vehicle energy consumption combined with 
detailed terrain and speed distribution maps. By introducing specific energy consumption, Li 
Jia et al.[18] analyzed the cargo capacity and driving distance as the influencing factors of 
electric vehicle energy consumption for the first time, and emphasized the importance of cargo 
capacity in the path planning of electric vehicles . Taking the minimum total cost of electric 
vehicle fixed use cost and energy consumption cost as the optimization objective, a mixed 
integer programming model for the path problem of integrated electric vehicle loading and 
unloading is established. 

4. Solving Algorithm 

Vehicle routing problem is a kind of large-scale complex integer linear programming problem, 
which belongs to NP-Hard problem, that is, it is difficult to obtain the optimal solution in a short 
time. At present, most methods for solving vehicle routing problems can be divided into two 
categories: exact algorithms and heuristic algorithms. 

4.1. Exact Algorithms 
Exact algorithm refers to the algorithm that can obtain the optimal solution of VRP, mainly 
including branch pricing algorithm, branch and bound method, integer linear programming 
method and dynamic programming method. The solution process of the exact algorithm is 
relatively complicated, and it is generally suitable for small-scale vehicle routing problems with 
relatively simple problem structures. In addition, the exact algorithm takes a long time to solve 
in actual calculation. 
In order to improve the efficiency and quality of the solution, in recent years, scholars usually 
combine it with other algorithms when applying it to solve problems, such as branch pricing 
algorithm [19] is an exact algorithm that combines the column generation algorithm with the 
branch and bound algorithm. For large linear programming problems without integer 
requirements, the column generation algorithm can be used to obtain the optimal solution, but 
for large integer linear programming problems such as the vehicle routing problem, the column 
generation algorithm can only obtain the optimal solution of the relaxation problem. At this 
time, the branch and bound algorithm can be further combined with the column generation 
algorithm, that is, the problem obtained after relaxing the original integer linear programming 
problem is nested into the branch and bound tree as the root node, and the column generation 
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algorithm is applied to each node of the branch and bound tree. The algorithm solves the 
problem. If the solution of the node problem is a fractional solution, continue to branch 
according to the flow of the branch and bound algorithm, and continue to solve the generated 
child nodes until the optimal integer solution of the original problem is obtained. 

4.2. Heuristic Algorithms S 
Compared with the solution process and time-consuming of the exact algorithm, the heuristic 
algorithm generally aims to find the optimal feasible solution of the problem. Although it is not 
the optimal solution, it can solve the large-scale EVRP problem. Common heuristic algorithms 
for solving VRP mainly include saving algorithm, tabu search algorithm, simulated annealing 
algorithm, genetic algorithm, ant colony algorithm, particle swarm search algorithm and 
scanning algorithm. Compared with the exact algorithm, the solution quality of the heuristic 
algorithm is not high, but its operation process is relatively simple. It is often used to solve the 
simple EVRP or combined with other meta-heuristic algorithms to generate the initial solution 
and neighborhood. 
Sevgi Erdogan et al. [20] by analyzing the vehicle routing problem of green vehicles, such as 
electric vehicles In the process of replacing the traditional car, it encountered difficulties such 
as limited driving range and few basic service facilities. A mixed integer programming model 
was established, and two algorithms were given to solve the problem: the improved Clarke and 
Wright's saving heuristic algorithm and Density-Based Clustering Algorithms. Bruglieri M[21] 
et al. proposed a mixed integer linear programming formula for the electric vehicle routing 
problem with time windows, and solved it by using a variable neighborhood search branch 
algorithm. Recently, Penna P HV et al. [22] proposed a local iterative search algorithm to solve 
the vehicle routing problem of hybrid electric fleet with time windows and charging stations. 
Doppstadt C et al. [23] studied the traveling salesman problem of hybrid electric vehicles, and 
extends the traveling salesman problem by adding different modes of operation for vehicles, 
resulting in different costs and driving times for each arc within the network, and a heuristic 
solution based mainly on tabu search is proposed to solve this optimization. Problem. Schneider 
[8] et al. developed a hybrid A meta-heuristic algorithm that combines variable neighborhood 
search algorithm and tabu search algorithm to solve the electric vehicle routing problem with 
time window. 

5. Conclusion 

Under the joint promotion of environmental protection awareness and energy conservation 
and emission reduction policies, researching the use of electric vehicles to replace traditional 
energy sources to reduce carbon emissions in the path has positive significance for creating a 
resource-saving and environment-friendly society. After sorting out the results, it is found that 
the application trend of electrification of urban distribution vehicles has been widely 
recognized in academia at home and abroad, and important research results have been 
achieved in considering time windows, multiple models, and different energy consumption 
models. The main purpose of this paper is to provide reference for future research on EVRP by 
sorting out the EVRP literature in recent years. Although we have seen some important 
progress in current EVRP research, due to the comprehensive influence of factors such as 
driving distance, charging time, number of charging stations, and driver anxiety, the conditions 
for large-scale commercial use of electric vehicles are not yet feasible. Mature, there are still 
many technical points to be further studied. 
(1) The existing EVRP research has paid less attention to the use efficiency of batteries under 
different power levels. Future EVRP research can consider the dependence between charging 
level and battery efficiency, and the nonlinear relationship between charging level and charging 
time combined with customer service time window, which is more realistic. 
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(2) Considering that thermal power generation is still dominant in China, when discussing and 
analyzing the environmental protection or carbon emissions of electric vehicles, it may be a 
more reasonable choice to add the conversion factor of coal power emissions. A more realistic 
model should also consider electricity price fluctuations, the impact of the popularity of electric 
vehicles on the power supply system, and the impact of vehicle load on the battery power 
consumption rate. 
(3) It is a serious challenge to examine changes in energy consumption according to various 
practical factors. Future research may consider more external factors related to EV functions, 
such as ambient temperature and weather conditions, in terms of power consumption. 
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