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In order to further cope with climate change, achieve green and low-carbon economic development and further improve the construction of ecological civilization, a research method for optimization of cold chain logistics distribution path of agricultural products e-commerce from the perspective of carbon neutrality was proposed. This method takes full account of the requirements of distribution path optimization, it is based on ecological theory and applies ecological methods to study the structure, function and dynamics of human-centered urban ecosystems, as well as the laws of interaction between system components and between the system and the surrounding ecosystems, which is in line with the optimization goal of minimizing distribution operating costs, and the ant colony algorithm is used to construct the cost optimization model of cold chain logistics distribution path based on the weight limit of distribution vehicles and the time window limit. By comparison of simulation experiments, the best parameter solution is 2,873.9931. The difference with other combinations is only 1–2%, and the optimal parameter matching of the algorithm isα = 1,β = 2,ρ = 0.5. Experiments show that the optimal parameter combination is determined on the basis of reflecting different distribution results.
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INTRODUCTION

In September 2020, in order to better cope with the negative impact of global climate change, achieve green and low-carbon economic development in a better and faster way, and improve the construction of ecological civilization in a more scientific way, China put forward the long-term development goals of “carbon peak” by 2030 and “carbon neutral” by 2060 (Chen, 2021; Cui et al., 2021). The concept of “carbon neutral” is a huge adjustment and strategic deployment China has made to cope with global climate change, achieve green and low-carbon development and improve ecological civilization construction in the new historical period. It is an important starting point for implementing and implementing the new development concept, as shown in Figure 1. Our goal is to limit carbon emissions more scientifically through a scientific peak regulation, and ultimately achieve a balance between emissions and absorption. Under the influence of the carbon
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FIGURE 1. Agricultural cold chain logistics structure diagram high-end diagram.


neutral concept, all walks of life must be regulated in a timely manner. However, in the field of traditional cold chain logistics distribution of agricultural products, the traditional cold chain logistics distribution process has difficulties such as high cost and unreasonable transportation and distribution routes. In order to further optimize the distribution cost, this paper develops a distribution cost optimization model of cold chain logistics based on the weight limit of the distribution vehicle and the time window limit (Rollo et al., 2020; Li et al., 2022). With the upgrading and adjustment of the agricultural industry, the output of China’s main agricultural products has increased steadily year by year, which greatly meets the daily needs of the people and promotes the development of the agricultural cold chain logistics industry. But at the same time, my country’s agriculture is also faced with the new goals and tasks of accelerating the reform of the ecological civilization system, promoting green development, and building a beautiful China, which requires vigorously developing a low-carbon economy. The cold chain logistics of agricultural products has the characteristics of high energy consumption and high carbon emissions, and the impact on the ecological environment is more prominent. The introduction of the low-carbon concept into the cold chain logistics of agricultural products has very important practical significance for adapting to the development requirements of the new era.

Urban Ecology: Based on ecological theory, applying ecological methods to study the structure, function, and dynamics of human-centered urban ecosystems, as well as the laws of interaction between system components and between the system and the surrounding ecosystems, and Using these laws to optimize the structural system, adjust the system relationship, improve the efficiency of material transformation and energy utilization, and improve the environmental quality, it is a comprehensive discipline that realizes reasonable structure, efficient function and coordinated relationship. Research on the application of related technologies in cold chain logistics in various countries mainly includes: related technologies in cold chain logistics mainly include temperature monitoring technology, traceability system, information system and equipment, etc., and the research focuses on temperature monitoring. Some scholars put forward the application of wireless network in cold chain logistics traceability system. The advanced multi-temperature combined distribution system aims to provide a new continuous temperature control solution for cold chain logistics (Sharma and Kumar, 2019; Li et al., 2021a). RFID sensor technology is used to monitor the temperature of cold chain food in time, and based on the detection information, a neural network prediction model is developed to prevent load loss. The validity of the prediction model is confirmed by the actual operation of the South African cold chain.

The research on the optimization of cold chain logistics route mainly includes the following aspects: The impact of transportation time on the rapid deterioration of new food is used as a model for optimizing cold chain distribution routes, and the tabu search method is used to solve the optimal solution of the problem; A mixed integer linear programming (MILP) model for the design of a new agricultural product cold chain logistics distribution network was developed, and the distribution network was optimized as a whole by combining the hybrid optimization simulation and simulation methods; in order to develop the sustainability of the new agricultural product supply chain, an analysis of Windows time constraints on dual-track optimization,and the multi-objective optimization model is set up, to design a kind of multi-objective variable domain based on adaptive search and multi-objective particle swarm optimization algorithm with the combination of hybrid optimization algorithms, and to provide a more effective method for solving the model (Li et al., 2021b; Qu and Sun, 2022).

My country’s cold chain logistics research cycle is very short, but with the rapid development of cold chain logistics, it has attracted experts, scientists and other stakeholders, and the results of these demand research are amazing. The research on cold logistics distribution types includes: traditional cold chain logistics distribution types are not suitable for the storage and sales of new agricultural products, but also easy to cause the waste of enterprise transport capacity and ecological environment pollution. Based on this, some scientists have proposed that the integration process of various temperatures in agricultural products can be said to be effective and efficient storage of agricultural products and environmental protection of influenza. Logistics and transportation links. Taking frozen food as an example, it is pointed out that the joint distribution mode of cold chain logistics is the best green logistics distribution mode suitable for low carbon economy. Through the discussion and analysis of the export of agricultural products in a certain city, an integrated model is introduced to solve the problems in the development of cold chain logistics of agricultural products in Guiyang. They believe that the new e-commerce industry has the potential to expand and analyze export data of new agricultural e-commerce products based on various business models (Dai and Ye, 2022; Shi, 2022). On this basis, fresh e-commerce logistics distribution model is innovated, which provides a new perspective to deal with the “last mile” logistics distribution problem of fresh electricity suppliers. To sum up, the research on the two fields of agricultural cold chain logistics and low-carbon vehicle routing in various countries has been quite in-depth, but there are still few literatures directly focusing on the combination of the two, and the quantitative analysis of carbon emission calculation is also lacking. Therefore, this paper combines these two issues to study the distribution path optimization of the cold chain logistics of agricultural products e-commerce in urban ecosystems from the perspective of carbon neutrality.



PROBLEMS RELATED TO DISTRIBUTION PATH OPTIMIZATION

It is based on the viewpoint of the ecosystem, using the theories and methods of ecology and environmental science, to comprehensively analyze and evaluate the structure, function and coordination of the urban ecosystem to determine the development level, development potential, and restrictive factors of the system. Compared with temperature logistics, the products of cold chain logistics are the most perishable, it needs less heat, and the whole cold chain, so cold chain infrastructure and time need more. Cold chain logistics, as a form of logistics with special requirements for time, quality, temperature, and humidity, not only has common characteristics of ordinary normal temperature logistics, but also has its own unique characteristics. First, the demand for temperature in each link of the cold chain is high, so it must be fed into cryogenic equipment, such as cold storage, refrigerating vehicles and refrigeration equipment. Secondly, the operation cost of cold chain logistics is high. Refrigeration requires continuous cooling and keeping the temperature constant, leading to high electricity bills (He and Kusiak, 2017; Liu and Ahmadi, 2021). Refrigerated cars also need cooling to keep temperatures stable, which requires more energy. So the distribution problem is unique.


Definition of Distribution Path Optimization Problem

Vehicle routing problem (VRP) has always been an important research direction in the field of logistics distribution, which relates to the total operating cost of logistics enterprises and is of great significance. In the export study, the basis and goal of the road improvement program is how to control storage costs, transportation costs and transit times. The product distribution optimization problem can be explained in terms of the concept of load. Plan and arrange necessary shipping to ensure efficient shipping. In addition, requirements related to vehicle capacity constraints, customer needs, delivery times, distance constraints, time constraints, etc., will be met, to achieve certain goals, such as shortest distance, lowest cost, shortest time, minimum number of vehicles, etc.



Components of Distribution Route Problem


Distribution Center

Distribution center is a modern circulation facility engaged in goods equipping (collecting goods, processing, sorting goods, picking goods, distributing goods) and delivering goods to users. It must meet the following requirements: (1) Mainly applicable to specific users. (2) The distribution function is good. (3) Perfect information network. (4) The radiation range is low. (5) There are many varieties and small packaging. (6) Mainly for distribution and storage. Distribution center has storage function, distribution function, sorting function, processing function, connection function, information function, and so on. Its internal area can be divided into receiving area, storage area, sorting and preparation area, distribution and packing area, external transport and delivery area, processing area and office management area.



Customer

The customer is the object of distribution service, which can be either a large shopping mall or a single consumer. Customer attributes mainly include: customer location, goods demand, delivery time requirements, etc., which have an important impact on route layout (Shui and Li, 2020; Zhou et al., 2021). The distribution center should comprehensively consider the specific requirements of customers, reasonably plan the distribution route and arrange vehicles to provide services for customers, and achieve customer requirements to the greatest extent.



Distribution Tools

Distribution tools mainly refer to the means of carrying goods, is a necessary component of the distribution process. The attributes of distribution vehicles mainly include: load capacity, driving distance and vehicle characteristics, etc. Due to the different characteristics of carrying vehicles, vehicles are mainly selected according to the requirements of transport objects. This article mainly studies the cold chain transport of agricultural products (Huang et al., 2021; Li, 2022a). In order to transport agricultural products at low temperature, distribution vehicles with refrigeration function are selected.



The Goods

Goods are indispensable elements in the distribution process, and its attributes mainly include: weight, volume, vulnerable to decay and other characteristics. The attributes of goods will also affect distribution services, so in the process of distribution, we should fully consider the attributes and characteristics of goods, and arrange the distribution path rationally and scientifically.



Optimize Your Goals

Optimization objective mainly refers to setting the objective function of distribution path optimization according to the actual demand, which is generally divided into single objective and multi-objective function. Single objective function mainly refers to: shortest total path, minimum total cost, least total delivery time, least delivery vehicles, highest customer satisfaction, etc. A multi-objective function is one that considers two or more optimization objectives. In the study of VRP, the objective function and the number of objectives of the model should be constructed according to the specific problems to optimize the objectives to the maximum extent (Ross et al., 2020; Li, 2022b).



Constraints

According to the different optimization objectives, the constraints involved are also different, and reasonable constraints should be set according to the specific problem when solving the problem. General constraints usually include: the number of vehicles in the distribution center, delivery window required by customers, vehicle load, vehicle speed and travel time, etc. As the real world becomes more complex, the VRP problem will be subject to more and more constraints (Cui, 2021; Guo and Xiao, 2021).





ANT COLONY ALGORITHM PRINCIPLE


Distribution Cost Analysis

Distribution costs are the costs incurred by suppliers when they distribute goods to retailers. In this article, the delivery cost is further refined, and the labor cost related to the delivery time is increased. That is, the distribution cost includes the vehicle start-up cost, vehicle driving cost and labor cost (calculated by working hours), so the distribution cost generated when the supplier places goods to the retailer in the first cycle can be expressed as:
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Objective Function and Constraint Conditions

According to the above analysis and the transformation between the corresponding formulas, the inventory-path optimization model based on the model belongs to the mixed integer programming model.

[image: image]
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The formula above represents the total cost in the planning period, including inventory cost and distribution cost. The first two items are inventory cost, including retailer inventory holding cost and out-of-stock cost caused by random demand, respectively. The last three are distribution costs, including vehicle start-up cost, vehicle running cost, and labor cost, respectively.

[image: image]

The above formula represents the relationship between the initial inventory of retaileriin period (t + 1) and the initial inventory, distribution quantity, demand, and quantity out of stock in period t.

[image: image]

The formula above represents the quantity out of stock of retaileriin periodt.

[image: image]

The above formula represents the distribution quantity of retaileriin period (t + 1). When the initial inventory of the retailer is lower than the replenishment point ri, suppliers supply to retailers. The allocated quantity is the difference between the upper level inventory Mi and the initial inventory level Iti. Otherwise, no distribution will be carried out.

[image: image]

The above formula means that each retailer can be delivered at most once within a cycle.

[image: image]

The above formula shows that each vehicle can only be returned to the supplier after it leaves the supplier’s distribution center and ends the delivery service.

[image: image]

The above formula means that the vehicle visits the retailer and leaves after its service, that is, to ensure that there is no loop in the distribution line of each vehicle.

[image: image]

The above formula shows that the conveying volume of each vehicle does not exceed the maximum load at any time.

[image: image]

The above formula represents the value constraint of decision variable [image: image].



Transfer Probability

Let τij(t) represent the amount of information on path (i,j)at time t, bi(t) represent the number of ants at element i at time t, n represent TSP scale, and m represent the total number of ants, which can be expressed as:
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Formula (12) represents the set of residual information on Iij pairily connected by element (city) in set C at time t. Each path has the same amount of information at the initial moment. Suppose τij(0) = C,The basic ant colony algorithm finds the optimal path through a directed graph (Equation 13).

[image: image]

Ant k(k = 1,2,…,m) determines the direction of movement according to the information on each path. The set of cities currently traversed by ant kcan be represented by tabu table (Equation 14):

[image: image]

This package dynamically adjusts as it evolves. During the movement, the ants calculate the migration probability based on the heuristic data and the information of each path. [image: image] represents the state transition probability of ant k transferring from element (city) ito element (city) jat time t, which is expressed as follows:
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Among which:
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The above formula represents the city that the ant k can choose next, β is a promising heuristic factor and underscores the importance of recognizing the importance of heuristic data in ant selection. As the value increases, the change of government will be closer to the rule of greed α it is an information heuristic factor that represents the relative importance of trajectories and reflects the role of information accumulated during ant movement (Liu et al., 2021; Ning et al., 2021). The larger the value, the stronger the cooperation of the ants, because the ants tend to choose the paths of other ants. ηij(t) is the heuristic function, and its expression is as follows:

[image: image]

In the above formula, dij represents the distance between two adjacent nodes. This function represents the degree to which the ant is expected to move from elementi (city) to elementj (city).

This paper starts with the concept of carbon neutral proposed in the previous section, and uses the ant colony algorithm to solve the optimization problem of the cold chain logistics distribution system of agricultural products.




AN OPTIMIZATION MODEL OF COLD CHAIN LOGISTICS DISTRIBUTION CHAIN BASED ON CARBON NEUTRALITY


Distribution Route of Cold Chain Logistics

In order to reduce the overall cost of logistics transportation, it is necessary to rationalize the part of the cost that affects the optimization goal for the problem of cold logistics deployment. The real cold logistics distribution problem is more difficult, and there are many things to consider. In order to facilitate the research and model establishment, it needs to be simplified. Therefore, the following hypotheses are proposed for the cold chain distribution center and distribution vehicles: First, there may be multiple distribution centers in the actual logistics transportation. This article ignores the number of distribution centers and assumes that only one distribution center conducts the corresponding cold chain logistics transportation. Second, in the actual distribution and transportation of cold chain logistics, there is no specific requirement for the speed of cold chain vehicles (Jani, 2021; Lian, 2021). This article assumes that the distribution vehicle vehicles are moving at a uniform speed. Third, in the process of distribution and transportation, the distance between nodes may be different, or there is a single circle, or flat, or both together, this paper assumes that the distance from the distribution point to the consumer is a straight line; fourth, in the manufacturing process For refrigeration equipment and transportation services, the quantity and area required for each are known. Fifth, while carrying out cold chain logistics distribution and transportation services, this paper ensures a sufficient number of trucks and the same type of truck tanks with refrigeration functions; Sixth, this paper assumes that the damage to the cold storage equipment is the same, and the cold chain logistics transportation vehicles are The temperature does not change during transportation, and the material damage is only the processing time; 5. The refrigerated chain logistics must return to the delivery site after completing the delivery service, and the carrying capacity of the refrigerated truck shall not exceed its maximum level (Aboulfotouh et al., 2021).



Construction of the Basic Model of Cold Chain Logistics Distribution Path Optimization

The classification problem of logistics viruses has been identified as a NP problem, usually represented by a mathematical model. These few sentences only solve the improvement of the cold logistics problem, and describe the meaning and changes of the optimization model accordingly, as shown in the following figure, as shown in Table 1.


TABLE 1. Parameters and variables involved in the distribution path optimization model of cold chain logistics.

[image: Table 1]
The basic model for optimizing cold chain logistics distribution paths focuses on fixed costs C1 of cold chain logistics in the process of distribution service. Transportation fuel consumption costC2 generated by cold chain distribution vehicles for logistics distribution services. Low temperature refrigeration cost C3 generated by cold chain logistics in the process of distribution and transportation services. Damage cost C4 of cold chain products formed by cold chain logistics in the delivery service.

The fixed costs of cold chain refrigerated distribution vehicles are as follows:

[image: image]

Transportation fuel consumption costs of cold chain distribution vehicles:

[image: image]

Cold chain logistics distribution and transportation services with low refrigeration costs:

[image: image]

Cold chain logistics in distribution and transportation because all consumers want more than the latest cold chain refrigeration equipment, composite materials for refrigeration equipment in the distribution process, etc. Reasons may incur similar costs:

[image: image]

The model aims to optimize the lowest cost of logistics distribution, the optimal design model for cold chain logistics distribution is as follows:

[image: image]



Selection of Low-Carbon Indicators

Based on the above-mentioned characteristics of optimizing the cold chain logistics distribution process from the low-carbon side, the optimization system of the cold chain logistics distribution network is changing, moving closer to the demand for low-carbon production. In the research, we usually carry out distribution planning and select the vehicle model and distribution method that are most suitable for the vehicle configuration in the distribution area. According to the actual operation of electronic components and the operation process of distribution personnel, the real problems are abstracted into mathematical models with special restrictions to solve the problem, so as to reduce the cost of refrigerated trucks and meet the demand. of consumers.

In the process of operation, cold chain logistics needs a large number of cold chain refrigerated motor vehicles for distribution and transportation services, and the exhaust emissions of these vehicles will bring corresponding air pollution. Due to the timely change of temperature, cold chain logistics may cause damage and decay of certain cold chain products in the process of distribution and transportation services,in addition, if these damaged rotten products are not properly handled, they will bring the corresponding solid and liquid pollution; In the process of distribution and transportation service, cold chain logistics will bring corresponding noise pollution when cold chain vehicles carry out low-temperature refrigeration power work, when transportation vehicles run against the ground, and when drivers of transportation vehicles brake horn. Based on the above description, select low-carbon parameters to optimize the cold chain logistics distribution chain to reduce carbon emissions, and select three dimensions of gas, solid and liquid, and noise to construct the cost target of pollutant emission.




EXAMPLES AND ANALYSIS OF COLD CHAIN LOGISTICS DISTRIBUTION PATH OPTIMIZATION

Due to the promotion of Cold Chain Logistics Co., Ltd., we are improving the distribution of new agricultural cold chain logistics products through joint ventures, various strategies, and using ant colony algorithm and MATLAB software for calculation and analysis. price. The actual cold chain distribution process of the company is shown in Table 2.


TABLE 2. Operation process.

[image: Table 2]
The MATLAB code looks like this:


MATLAB main command summary MATLAB function reference appendix 1.1 Management commands.

function name function description function name function description addpath add a search path.

rmpath removes a search path.

demo Run the Matlab demo program.

type lists.M files.

doc loads a hypertext document.

version Displays the version number of Matlab help start online help what lists the relevant files in the current directory lasterr Displays the last message.

whatsnew shows new features of Matlab.

lookfor search keyword help which constructs the directory path where the function and file are located Set or query the Matlab path.




Basic Parameter Settings


Delivery of Refrigerated Vehicles

The main configuration is as follows is shown in Table 3.


TABLE 3. Refrigerator vehicle configuration.

[image: Table 3]


Setting of Relevant Parameters in the Mathematical Model

The related parameters are shown in Table 4. It is assumed that fuel is national fifth standard diesel, ambient temperature >24 degrees, low humidity (<50%), vehicle speed range (40–80 km/h), high altitude and other conditions.


TABLE 4. Related parameter settings in the model.

[image: Table 4]



Data Sources

The rise of big data science can provide a key boost for the development of urban ecology. Under the influence of high population concentration in cities, urban-centric economic production methods and rapidly expanding networks, communications and the Internet of Things, urban It has become a huge data factory. This paper builds a model based on the cold chain logistics distribution of fresh agricultural products by Cold Chain Logistics Co. Ltd. Due to the large number of service stores and the difficulty of data analysis, only 14 cooperative retailers and distribution centers are selected as the research objects for the demand for cold chain logistics distribution services of agricultural products studied in this paper. The cold chain logistics company meets 14 needs and maintains the distribution of new products. The distribution center and store are numbered 0, 1, 2…, 14, respectively.

When the distribution center performs the distribution tasks of various fresh produce stores, its main goal is to provide customer satisfaction with the service. Therefore, fresh agricultural products must be delivered in the time specified by each demand store. If the delivery service arrives in more time than the time specified by the demand store, due to the economic loss brought to the store by the delayed delivery, the corresponding delivery will be punished according to the exceeded time. The location of each store is shown in Table 5, and the distance between the delivery area and each store is shown in Table 6. The demand and service time of each store need to be reported in Table 7.


TABLE 5. Geographical location of each store.

[image: Table 5]

TABLE 6. Distribution distance between distribution center and stores (km).

[image: Table 6]

TABLE 7. Demand and service window time of each demand store.

[image: Table 7]
The ant colony algorithm is used, and MATLAB programming is used to solve the road optimization mathematical model, and the distribution distance between the distribution center and each store, the demand information of each store, and hourly information are input into the program matrix. Furthermore, the information heuristic factor α = 1 the expected heuristic factor β = 2, the pheromone volatilization coefficient ρ=0.5, the number of ants is 20, and the maximum number of iterations is 100. The optimal solution and cost variation under common and green perspectives are considered respectively.


The Optimal Solution Under the Common Perspective

From the common perspective, that is, the total cost does not consider the pollution cost. The optimal solution is obtained by using MATLAB, as shown in Table 8, and the cost variation diagram is shown in Figure 2.


TABLE 8. Optimal results of path optimization model from common perspective.

[image: Table 8]
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FIGURE 2. Cost variation from a common perspective.




Optimal Solution From the Green Perspective

From the green perspective, not only the general cost is considered, but also the pollution cost is mainly considered from three aspects of gas, solid and liquid and noise pollution. The optimal solution obtained by MATLAB is shown in Table 9, and the cost variation diagram is shown in Figure 3.


TABLE 9. Optimal results of the path optimization model from the green perspective.

[image: Table 9]
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FIGURE 3. Cost variation from the green perspective.


It can be found from Tables 8, 9 that when completing the cold chain distribution task, the distribution center still only needs to allocate two trucks. We can find that the distribution route of each truck has changed. From a common perspective, trucks will be arranged to serve customers with large demands as much as possible. In this way, the total cost can be reduced, while the cost of pollution is ignored. The study is relatively simple, and only the basic cost of distribution is considered. From the green perspective, truck not only considers customer demand and distance, but also mainly considers the cost of gas, solid liquid and noise pollution in the process of vehicle distribution. The situation is more specific and complex, which is more in line with the research requirements of green environmental protection, so it has more research value.




Analysis of Path Optimization Results


α Influence on Optimization and Solution of Distribution Path

The information heuristic factor α determines the relative influence of pheromones. When the α value is relatively large, the pheromone influence is large, and the randomness of the algorithm decreases, because the positive feedback effect is enhanced, and ants tend to choose the path they have taken before. This will cause the algorithm to converge prematurely. When the α value is relatively small, the algorithm is easy to fall into the local optimal solution. The influence of α on the optimization solution of distribution path is shown in Table 10.


TABLE 10. α’s influence on the optimization solution of distribution path.

[image: Table 10]
It can be clearly seen from Table 10 that the total cost when α = 2 is greater than that when α = 1, indicating premature convergence of the algorithm. And when α = 1, it’s not globally optimal.




The Influence of β on Distribution Path Optimization

The expected value heuristic factor β determines the relative importance of heuristic information. When the value of β is small, the influence of pheromone is weakened, and the ants lose the perception judgment, and they are easy to fall into the random search. When the value of β is high, the ant will tend to choose the previous path, which is easy to fall into the local optimal solution. The influence of β on the optimization solution of distribution path is shown in Table 11.


TABLE 11. Influence of β on optimization solution of distribution path.

[image: Table 11]
It can be clearly seen from the above table that when β = 5, the total cost is greater than that when β = 3, indicating premature convergence of the algorithm, and when β = 1, it is not the global optimal solution.


The Influence of ρ on the Optimization Solution of Distribution Path

Pheromone volatilization coefficient ρ affects the global searching ability and convergence speed of ant colony algorithm. When the value of ρ is relatively large, ants tend to choose the path they have taken before, so that they are easy to fall into the local optimal solution. If the value of ρ is small, the global search ability can be improved, but the convergence speed will be slow. The influence of ρ on the optimization solution of distribution path is shown in Table 12.


TABLE 12. ρ’s influence on optimization solution of distribution path.

[image: Table 12]
It can be clearly seen from the above table that when ρ = 0.7, the total cost is greater than that when ρ = 0.5, indicating premature convergence of the algorithm, while whenρ = 0.3, it is not the global optimal solution.



Determine the Optimal Parameter Combination

Through the comparison and analysis of the above simulation results, the more appropriate value of a single parameter is basically determined. However, the combination of these values may not be the optimal parameter combination, so it is necessary to conduct simulation analysis on the parameter combination according to the results in Tables 10, 12. The better solution of the problem with different parameter combinations is shown in Table 13.


TABLE 13. Better solutions of the problem under different parameter combinations.

[image: Table 13]
As can be seen from the above table, the best solution is 2,873.9931, while other solutions are very close to the best solution, with a difference of only 1–2%. Therefore, the value range of algorithm parameters is α∈[1,2], β∈[2,3], ρ∈[0.3,0.5]. Therefore, the optimal parameter combination for solving the 14 distribution point problem is α = 1, β = 2, ρ = 0.5.

In this section, through the program implementation of ant colony algorithm, the optimization results of the distribution path under two perspectives are obtained. In addition, we use the method of controlling a single variable to conduct a simulation experiment, reflecting the influence of different factors α,β,ρ on the results of the distribution scheme, and determine the optimal parameter combination.





CONCLUSION

Under the influence of the concept and economic background of carbon neutrality and green logistics, the cold chain logistics of agricultural products is a large energy consumption in the logistics industry. Based on this, when exploring the establishment of a model for the cold chain distribution of fresh agricultural products, the cost of pollution, including atmospheric air Pollutant emission cost, solid and liquid pollutant emission cost and noise pollution cost. The ant colony algorithm is designed and realized by MATLAB software, and the algorithm is run independently to obtain the optimal distribution plan. Through the comparison of simulation experiments, the best parameter solution is 2,873.9931, which is only about 1–2% different from other combinations. The optimal parameter combination is determined on the basis of reflecting different distribution results. The experimental results show that the green index is the main consideration factor in the total cost of cold chain distribution, which can not only achieve the goal of controlling the cost of logistics distribution, but also detect the green environmental protection level of the whole distribution process, and effectively improve the greening of cold chain logistics distribution of agricultural products. Logistics enterprises choose an optimal distribution path that is both economical and green.
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value
Number of vehicles owned by distribution car 70
center k
Number of leased vehicles z car 2
The maximum load of a truck g tons 1.56
Fuel consumption pO for 100 km when no L/100 km 8.5
load pg
Full load of 100 km fuel consumption p* L/100 km 10
speed v km/h v 60
The cost of unit agricultural products p1 yuan/ton 20,000
Unit air pollutant emission cost p» yuan/ton 3,000
Unit noise pollution emission cost ps yuan/time 10
Unit fixed cost of owned car p4 yuan/car 300
Unit fixed cost of rental car ps- yuan/car 500
Unit fuel consumption cost ps yuan/ton 8,302.56
Vehicle early arrival unit penalty cost pg RMB/h 17
Unit penalty cost of vehicle lateness pg: RMB/h 20
Unit refrigeration cost p7 during RMB/h 18
transportation
Unit refrigeration cost p7,during loading and RMB/h 25
unloading
Decaying rate of cargo in transit 64 0.002
Cargo corruption rate > when opening 0.003
door
The sulfur content of diesel oil 1 x 1076
Constant f tons/m3 0.84
Each car honks times r time 2
Pollutant emission per unit distance EF a/km 21.883
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Vehicle model: HFC5043XLCP91K1C2V

Dimensions: 5,995 mm x
2,280 mm x 3,190 mm

Chamber volume: 13 m3

Tire model: 7.00 wire tire

Fuel consumption: 8.5 L/100 km

Pre-cooling time: —5°C static cooling for 18 min
Weight: 4.495 tons

Engin: Rayjet 156 horsepower

Box material: high density
polyurethane

Box size: 4,030 mm x
2,080 mm x 2,000 mm

Refrigeration range: —5 to 15°C
Rated load: 1,560 kg
Refrigeration unit: Asiana

Fuel: diesel
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Description

Aset of associated nodes representing the cold-road distribution problem, where n = 0 represents the distribution center and the others
represent the cold-road distribution service objects

Represents the number of cold-chain refrigerated transport vehicles in the cold-chain logistics distribution center. m is the total cold chain
refrigerated transport vehicles, m = 37_ 1 k;

Represents the fixed cost of vehicle cold chain logistics distribution

Represents the unit transportation fuel consumption cost generated during the delivery senvice of cold chain logistics vehicles

The cryogenic units of cold chain logistics are represented by distribution and transportation services, respectively
And the cost of cold chain logistics refrigerated products in the process of loading and unloading, and the unit cost of low temperature
refrigeration

Represents the unit cost of cold chain products related to cold chain logistics distribution
Represents the straight-line distance between each node
Indicates the number of cold chain products that need to be obtained from the customer node for each delivery service

Z represents the maximum capacity of the cold chain logistics transportation and distribution vehicle, and Z represents the maximum
capacity remaining after the cold chain logistics i-node cold chain logistics products are delivered and serviced

Represents the total time of cold chain logistics distribution vehicle k for transportation and distribution service
Represents the time when the cold chain logistics distribution vehicle k arrives at the distribution service node i

Represents the time of cold chain logistics distribution vehicle k from distribution service node | to distribution service node j

Represents the departure time of cold chain logistics distribution vehicle k from the logistics distribution center

The service k of car k represents the time it takes for the cold chain logistics to deliver i

Represents 0-1 variable. When x* = 1, it means that the cold chain logistics distribution vehicle k provides distribution service to node i;
otherwise, X = 0

Represents 0-1 variable. When qu =1, it means that the cold chain logistics distribution vehicle k goes from node i to node j in the process
of delivery service; othenwise, xj = 0
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