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Abstract:



In the transformation of urban distribution industry, the problem of enterprises generally retaining a self-distribution mode is highlighted, and it is not conducive for enterprises to develop core business. Around the hot issue of climate change, but also the target of energy conservation and emission reduction, this paper puts forward the method of urban distribution mode to reduce carbon emission intensity, introduces four kinds of typical urban distribution mode, analyzes the core influencing factors of urban distribution mode, studies the carbon accounting method of urban distribution, put forwards the method of low carbon urban distribution mode, analyzes the current situation of the distribution of Guangzhou City, determines the main research types of goods, and applies the method proposed in this paper to the specific enterprises. Urban distribution mode integration and carbon emissions intensity reduction are both considered in this work. The specific application result of 11.28% reduction on carbon emission intensity shows that this method can effectively guide enterprises to develop low carbon urban distribution mode and reduce carbon emission intensity of urban distribution.
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1. Introduction


With the acceleration of urbanization, the world’s population is increasingly concentrated in the city, and the world’s urban population will increase from 3.6 billion in 2011 to 6 billion in 2050 [1]. Moreover, the economic in China is growing rapidly and the pace of urban construction is moving fast. In 2012, the Ministry of Commerce selected nine pilot cities to organize urban distribution exhibition. In 2013, the country added 15 cities to pilot joint distribution. The transport Ministry, in the “Transport Twelfth five-year development plan”, strengthens the construction of regional distribution centers. After the development of the “urban logistics vehicle technical requirements”, the requirements will be issued in the national implementation. In early 2013, the Ministry of Transport with six ministries jointly issued “On strengthening and improving the management of urban distribution of opinions” and proposed specific guidance in the planning, infrastructure, access control, market supervision and other aspects.



In 2012, the level of urbanization in China has reached 52.57%. With the rapid development of economic and living standards, it has a tremendous impact on the city production, consumption and transportation. Moreover, the consumption ability improves and transport frequency increases, which aggravates the burden on the city’s transport system and brings an enormous challenge to the urban distribution. The demands of urban distribution are increasing and citizens are looking forward to higher distribution efficiency. The original urban transportation system has become increasingly unable to keep up with the needs of urban development. On one hand, with the acceleration of urbanization process in China, the growth of vehicle ownership is increasing in the city. Besides the popularity of e-commerce online shopping, the urban distribution pattern of high frequency and the small quantities multi-docking site have developed rapidly. On the other hand, it is difficult to keep up with the pace of urbanization, because of China’s relatively backward traffic management and the slow development of urban transport infrastructure. The contradictions between supply and demand of urban transport have become increasingly prominent, gradually exposed some shortcomings like urban traffic congestion, such as Beijing, Shanghai, Guangzhou and other big cities, which have suffered severe traffic congestion.



If the logistics industry is a cardiovascular system, then urban distribution is capillary, directly related to the production and life of supply chain’s end. Urban distribution mode is the basic strategy to take for enterprises’ urban distribution, which is related to the rational allocation of urban distribution resources. At present, enterprises in each city adopt the self-distribution mode as the main distribution strategy, which is not conducive for small and medium enterprises to develop their core business. Simultaneously, the global have highly focused on climate issues in recent years. Reducing carbon emission intensity has become the primary task in the development of various industries. Urban distribution is the industry with high energy consumption and high emission. Thus, it plays an important role in studying the urban distribution from the perspective of low carbon. The research on urban distribution can not only help enterprises choose better distribution mode and achieve the optimal allocation of resources, but also promote enterprises to develop sustainable low carbon distribution and reduce the intensity of carbon emission.



As urban distribution lacks practical operation experience, the distribution mode urgently needs to be explored. In developed countries, urban logistics common distribution as an advanced logistics organization is widely used, not only for its high-intensive enterprises, which bring significant economic benefits, improve the efficiency of logistics operations, reduce social burden and environmental pollution, but also because of the future logistics and distribution trends. However, in China, the common distribution develops slowly, the overall operation is relatively extensive. Domestic joint distribution researches are not enough. In addition, it is difficult to implement common distribution in business operations. Self-distribution, third party distribution and mutual distribution are still the mainstream for urban distribution.



Abroad, early actions of carbon emission reduction in developed economies would have a significant impact on climate change, and these countries need to accelerate the pace of emission reduction with respect to the developing countries [2]. Several neighboring cities in the EU implemented innovative eco logistics systems in the last 50 years, and the carbon dioxide emissions decreased by 84% under the same conditions, which significantly reduced the impact on the environment [3]. With the environmental problems being paid more attention, the research of the reverse logistics network design and inventory model has gradually increased [4,5,6,7]. For the periodic inventory review system, reduce the frequency of shipment can promote the realization of emission reduction targets, but the cost of emission reduction and unit holding costs are not necessarily linked [8].



Researches from multiple factors to consider emission reductions are as follows. They consider the economic costs and carbon emissions, which can improve the sustainability performance of logistics and supply chain management [9,10,11]. Since lean logistics improves system flexibility, transportation-related carbon emissions will reduce while the facility-related emission increases. In business process reengineering changes, it needs to be considered in this regard [12]. Siting and path planning researches are as follows: they try to ensure that the maximum goods are transported at minimum mileage, which can save 4.9%–6.9% of the fuel consumed [13]. With the gradual promotion of clean energy vehicles, city vehicles need to distinguish between path planning, environment-friendly vehicles and non-environmentally friendly vehicle to improve the original algorithm [14]. Considering low-carbon factors in the Multi Distribution Center Location can reduce carbon emissions [15].



Combined weighted linear combination and improved Dijkstra algorithm, environment and logistics cost can be subdivided into multiple standards to solve problem in GIS, it is reasonable to study the green path planning of urban logistics centers [16]. In reference to the new technology researches, with the LCA software UMBERTO we find that cascade utilization technology is able to reduce the logistics network of carbon dioxide gradually [17]. We take the carbon tax into urban distribution network planning model, it is able to reduce carbon dioxide emissions by 54.5% [18]. Through the implementation of a carbon tax and other ways to improve energy efficiency, we ensure that China will implement the target of carbon intensity 40%–45% lower in 2020 [19]. We need to recognize that the application of information technology can contribute to sustainable development of urban road freight, but it is not obvious to reduce carbon emissions [20,21]. In summary, to reduce urban carbon emissions has a variety of distribution channels, such as vehicle routing, clean energy vehicles, optimizing the distribution network and information technology.



With the rapid development of the economy, China undoubtedly releases large amounts of carbon dioxide. With respect to the reduction of carbon emissions, this paper pays more attention to reducing carbon emissions in the unit value of the corresponding output, which is carbon emissions strength. The study finds that carbon emissions and economic growth are far from constituting a prime linear relationship [22], it means that the carbon emission intensity can be adjusted and changed. From a macro perspective, carbon intensity emission is associated with land use structure. Energy consumption, carbon emissions, energy intensity and carbon intensity are four different but linked concepts. Analysis of these trends evolved plane data distribution for sustainable development, which can provide recommendations for each region [23]. To some extent, how to control the carbon intensity belongs to China featured content development, which is a major goal in China’s development of low carbon emissions economy and the researches in this field are few in foreign literature. Thus, this study aims to discuss low-carbon urban distribution pattern problem.



From the point of mathematical modeling, the evaluation method based on the analytic hierarchy process is an auxiliary tool for logistics decision making [24]. The mathematical modeling method consists of affinity diagram, analytic hierarchy process and fuzzy TOPSIS, which can effectively evaluate the sustainable benefits of urban logistics initiatives [25]. Moreover, the fusion of the last two methods can also be used to select the reverse logistics contractors, which have multiple criteria [26]. The combination of fuzzy Delphy and analytic hierarchy process can effectively identify and analyze the priority level of the barriers in reverse logistics [27]. Urban distribution mode is a strategy for enterprise distribution and it will have a significant impact on all aspects of the enterprise. The decision-making process needs to consider many factors, so the method taking analytic hierarchy process as the main body can be used to select the urban distribution mode. At the same time, due to the uncertainty of human thinking, this paper will use the improved fuzzy analytic hierarchy process to analyze the problem of urban distribution mode.



An introduction to the FAHP theory is mainly presented in the second part. Firstly, it analyzes the basic principle of fuzzy matrix consistency checking and improved algorithm. Secondly, it is the introduction of four kinds of typical urban distribution mode and analysis of the main influencing factors. Thirdly, it is the study on urban distribution carbon accounting method. Finally, it proposes the method of low carbon urban distribution mode. We then analyze the present situation of the distribution in Guangzhou City, combined with the definition of carbon emission intensity of urban distribution, which further determines the main research types of goods. The third part uses the method proposed to the specific enterprises, and the results are analyzed and discussed, whose specific calculation process can be found in supplementary material. The fourth part is the conclusion, and summarizes the research results and the future needs in-depth study of the content.




2. Fuzzy Matrix on Urban Distribution Selection


2.1. Fuzzy Matrix Consistency Checking and Improved Algorithm


Fuzzy theory is used to make a decision in fuzzy analytic hierarchy process. The steps are the same, including a clear goal, building multi-level structure system, establishing fuzzy complementary judgment matrix, fuzzy complementary judgment matrix consistency test, hierarchical single ranking and hierarchical total ranking.



Suppose domain [image: there is no content] is the limited set of factors in the [image: there is no content] layer, where [image: there is no content], and [image: there is no content] represents the [image: there is no content] factor of the m layer. For the [image: there is no content] factors in the [image: there is no content] dominated by the same factor [image: there is no content] in the [image: there is no content] layer ([image: there is no content]), the two elements’ fuzzy relation of pairwise comparison is expressed by the following fuzzy complementary judgment matrix.


[image: there is no content]



(1)







Here, element [image: there is no content] represents the importance of [image: there is no content] relative to [image: there is no content] for the dominant factor [image: there is no content], and its value uses the scale of 0.1–0.9. It is known that the greater the [image: there is no content] is, the more important is [image: there is no content] than [image: there is no content]; the smaller the [image: there is no content] is, the more important is [image: there is no content] than [image: there is no content].



According to the above definition, the necessary and sufficient conditions of matrix [image: there is no content] for a fuzzy complementary judgment matrix are as follows.



	(1)

	
[image: there is no content];




	(2)

	
[image: there is no content], [image: there is no content].







If the fuzzy complementary judgment matrix [image: there is no content] satisfies Equation (2), then [image: there is no content] is called to meet the additive consistency.


[image: there is no content]



(2)







Therefore, according to the definition of fuzzy complementary judgment matrix, after we satisfy both the properties and conditions of consistency, we can conduct the measure index of consistency: [image: there is no content] and the definition is shown as Equation (3). To meet the consistency, the necessary and sufficient condition of matrix [image: there is no content] should be [image: there is no content]. However, as long as [image: there is no content] is not more than a given threshold [image: there is no content] under normal circumstances ([image: there is no content], decided by the decision maker). In this paper, [image: there is no content].


[image: there is no content]



(3)







First of all, we introduce the deviation symbol [image: there is no content], and the definition is shown as Equation (4). According to the properties of the fuzzy complementary judgment matrix, it is easy to know:


[image: there is no content]










[image: there is no content]



(4)







In this paper, only one pair of elements is adjusted at each time. Try to meet the requirements of Equation (5).


[image: there is no content]



(5)







With the goal to improve the consistency of fuzzy judgment matrix, it should decrease the sum of the absolute value for the same element [image: there is no content]. The sum of the absolute deviation value differs between former and latter, shown as Equation (6).


[image: there is no content]



(6)







Here, [image: there is no content]; [image: there is no content]; [image: there is no content] represents the number of positive deviations [image: there is no content]; [image: there is no content] represents the number of negative deviations [image: there is no content].



If it meets the condition: [image: there is no content], then the consistency correction is valid. It means, numerical positive and negative of [image: there is no content] and [image: there is no content] are not the same. Meanwhile, the bigger the [image: there is no content] and [image: there is no content] are, the easier to approach consistency. Therefore, we need to consider two kinds of circumstances: if [image: there is no content], then [image: there is no content], and we need to lower the value of the element [image: there is no content] and ensure [image: there is no content]; Similarly, if [image: there is no content], we need to enlarge the value of the element [image: there is no content] and [image: there is no content]. Therefore, we can get the complete process of fuzzy judgment matrix consistency checking and improving algorithm.




2.2. Typical Urban Distribution Modes


Distribution mode is the basic strategy and method of distribution. Any kind of urban distribution mode need to be formed through repeated exploration and practice, and the urban distribution mode, which is designed by imagination, is not feasible. There are four kinds of typical distribution modes: self-distribution mode, mutual distribution mode, third party distribution mode and common distribution mode.



	
Self-distribution mode. Industrial and commercial enterprises build their own distribution system alone, organize and manage each link of distribution. The ownership and management right of distribution system belong to the enterprise. It only serves the enterprise itself, which has a strong capital turnover capacity and distribution scale.



	
Mutual distribution mode. Based on the benefit, some enterprises reach an agreement in the form of contract, and use each other’s distribution system. Ownership of the distribution system belongs to the original enterprise, and the enterprises share the right to operate. It does not need to invest a lot of manpower and capital, but need strong management, organization and coordination ability. Focus on improving their distribution functions.



	
Third party distribution mode. In addition to the two sides of the transaction, the professional distribution company completes the distribution. The ownership and management right of distribution system belongs to the professional distribution enterprise. The third party does not own the goods, but provides distribution agent services constrained by contract for customers.



	
Common distribution mode. In order to improve the distribution efficiency and realize the rationalization of distribution, the distribution enterprises establish the consortium of complementary functions. Members of the commonwealth have common interests and goals, mutual benefit, equality and voluntary. To avoid administrative interference, the aim is to strengthen the distribution function and service to the society, and the stability is stronger.






What needs to be paid attention is that the self-distribution mode represents an important direction of the traditional logistics. Third party distribution mode is wider in modern logistics, but it does not mean the self-distribution mode is backward, and that the third party distribution mode is advanced. The reason why any kind of urban distribution mode can be widely used in the society is that it is in line with the economic development and the strategic objectives of the enterprise. Only when the distribution mode cannot adapt to the demand, is it necessary to optimize the distribution mode.




2.3. Study on the Carbon Accounting Method of Urban Distribution


First, defining the boundary of carbon footprint. The specific content of each link in the urban distribution process is shown in Table 1. Carbon emissions come from the energy consumption of facilities and equipment in the distribution process, so the carbon footprint of urban distribution is closely related to the distribution process. Taking into account the division of emission reduction responsibility, China electric power control and platoon bidirectional forced mechanism, this article only accounts for the direct and indirect emissions generated by the service. Therefore, the boundary of urban distribution carbon footprint should be defined as: in the whole service process whose starting point is stocking and ending point is delivery service, from stocking, storage, processing, sorting, picking, and loading, then transport to delivery service, ensure the urban distribution service level and the effective operation of the facilities and equipment. Urban distribution companies consume fuel, purchase electricity and other energy, produce direct and indirect greenhouse gas emissions, which strictly does not include the carbon emissions by the facilities and equipment of packaging products in the urban distribution system with effective support.



Table 1. Every link of urban distribution process.







	
Distribution Link

	
Activity Description






	
Stocking

	
According to distribution requirements, cargo collection, receiving, inspection and other management.




	
Storage

	
Reserve and Temporary storage. Reserve is to ensure distribution resources to meet requirements, and temporary storage is to coordinate the time of picking and delivery.




	
Processing

	
Content is flexible, such as simple packaging, labeling, etc., depending on customer requirements.




	
Sorting and picking

	
According to customer orders, accurately and quickly remove the goods from the storage position, and sent to a temporary storage area or delivery area.




	
Loading

	
For cargo whose distribution amount cannot achieve vehicle effective load rate, consider using one vehicle for loading.




	
Transport

	
The purpose is to delivery, the distance is short, transportation tools are vehicles and the scale of cargo is small.




	
Delivery service

	
Coordinate the problem of how to receive the goods after goods are shipped to the destination.










Then, focus on emission inventory analysis. Through the detailed analysis of the energy consumption equipment, energy consumption types, greenhouse gas types of the urban distribution process and supporting activities, the results of the inventory analysis are shown in Table 2. Every link of urban distribution process is the main source of energy consumption. Fuel and purchased electricity are the main energy consumption types of city distribution. There are many types of energy consumption equipment. This feature also determines the perspective taken of urban distribution carbon footprint accounting in the follow-up study in this paper, and build carbon accounting model according to the classification of energy types.



Table 2. Urban distribution carbon emission inventory.







	
Distribution Operations or Supporting Activities

	
Energy Consumption Equipment

	
Energy Consumption and Emission Type

	
Main Greenhouse Gas Type




	
CO2

	
CH4

	
N2O






	
Stocking

	
Forklifts, barcode scanners etc.

	
Fuel and electricity, direct and indirect emissions

	
√

	
√

	
√




	
Storage

	
Dehumidification, ventilation, insulation, monitoring and other devices

	
Electricity, indirect emissions

	
√

	

	




	
Processing

	
Automated equipment

	
Electricity, indirect emissions

	
√

	

	




	
Sorting and picking

	
Automatic sorting machines, belt conveyor etc.

	
Electricity, indirect emissions

	
√

	

	




	
Loading

	
Computers, etc.

	
Electricity, indirect emissions

	
√

	

	




	
Transport

	
Distribution vehicles

	
Fuel and electricity, direct and indirect emissions

	
√

	
√

	
√




	
Delivery service

	
Phones, POS machines, forklifts, and other ancillary equipment

	
Electricity, indirect emissions

	
√

	

	




	
Handling

	
Internal combustion and electric handling equipment

	
Fuel and electricity, direct and indirect emissions

	
√

	
√

	
√




	
Lighting

	
Lighting equipment

	
Electricity, indirect emissions

	
√

	

	










Moreover, we build the carbon footprint accounting model. The research on the greenhouse gas emission inventory report is relatively comprehensive, provides reference for the accounting of urban distribution carbon footprint. Referring to the methodology of “2006 IPCC Guidelines for National Greenhouse Gas Inventories” [28], the accounting of urban distribution carbon footprint uses the method of emission factors. According to the results of the emission inventory analysis, the carbon footprint of urban distribution includes two parts.



	
Direct greenhouse gas emissions from fuel combustion.



	
Indirect emissions resulting from the consumption of purchased electricity.






Therefore, the accounting model of urban distribution carbon footprint is shown as Equation (7).


[image: there is no content]



(7)







Here, [image: there is no content] represents the total amount of greenhouse gases emissions of urban distribution and the unit is tCO2e; [image: there is no content] represents the total amount of direct greenhouse gas emissions; [image: there is no content] represents the total amount of indirect greenhouse gas emissions; [image: there is no content] represents the consumption amount of fuel [image: there is no content] in the statistical period of the enterprise, which is referred to as the activity data; [image: there is no content] represents the low calorific value of fuel [image: there is no content]; [image: there is no content] represents the emissions factor of greenhouse gas [image: there is no content] corresponding to fuel [image: there is no content]; [image: there is no content] represents the global warming potential of greenhouse gases [image: there is no content], measuring the relative strength of greenhouse gases; [image: there is no content] represents the amount of purchased electricity the enterprise consuming; [image: there is no content] represents purchased electricity emission factor. Among them, the reference values of [image: there is no content], [image: there is no content], [image: there is no content] and [image: there is no content] are shown as Table 3, Table 4 and Table 5.



Table 3. Average low calorific value of fuel and reference value of emission factor.







	
Fuel Type

	
Average Low Calorific Value (MJ/t or MJ/104 m3)

	
Carbon Content of Unit Calorific Value [29] (g-C/MJ)

	
Carbon Oxidation Rate [30]

	
CO2 Emission Factor [31] (g CO2/MJ)

	
CH4 Emission Factor [32] (g CH4/MJ)

	
N2O Emission Factor [32] (g N2O/MJ)






	
Gasoline

	
43,070 [33]

	
18.9

	
0.98

	
67.9

	
0.033

	
0.0032




	
Diesel fuel

	
42,652 [33]

	
20.2

	
0.98

	
72.6

	
0.0039

	
0.0039




	
Liquefied petroleum gas

	
50,179 [33]

	
17.2

	
0.98

	
61.8

	
0.062

	
0.0002




	
Liquefied natural gas

	
46,900 [34]

	
17.5

	
0.98

	
62.9

	
0.092

	
0.003




	
Natural gas

	
48,000 [34]

	
15.3

	
0.99

	
55.5

	
0.092

	
0.003










Table 4. Value of global warming potential.







	
Greenhouse Gas Type

	
CO2

	
CH4

	
N2O






	
GWP [35]

	
1

	
25

	
298










Table 5. 2008–2014 Purchased electricity emission factor (tCO2e/MWh).







	
Year

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014






	
Purchased electricity emission factor [36]

	
1.0634

	
0.9987

	
0.9762

	
0.9489

	
0.9344

	
0.9223

	
0.9183










Note that the collection of consumption activity data such as various fuels and purchased electricity, which still needs to be closely linked to the carbon emissions inventory. They are all the key aspects during activity data collection, in order to record what energy each device consumed and how much consumed. Finally, collect the activity data according to the energy category.



Finally, we definite urban distribution carbon emission intensity. A simple comparison in different statistical period is not representative between different urban distribution modes, which aims to illustrate the difference of the impact on the climate. With the increasing distribution demand of enterprises, the urban distribution will inevitably bring about the rise in total carbon emissions. A better approach is to introduce the revenue of the shipping enterprises during the statistics period and adopt the new indicator: urban distribution carbon intensity ([image: there is no content]). This indicator is the ratio of the total carbon emissions and revenue during the statistics period, which aims to explain the environment impact per revenue of urban distribution. The bigger the value is, the more carbon emissions need to be generated per revenue of distribution enterprise during the statistics period; the smaller the value is, the less carbon emissions need to be generated per revenue of distribution enterprise during the statistics period. Urban distribution carbon emission intensity is determined by Equation (8), [image: there is no content] represents urban distribution carbon intensity during the statistics period, and the unit is tCO2e/104CNY, [image: there is no content] represents the total amount of greenhouse gases emissions of urban distribution during the statistics period, and the unit is t CO2e, R represents the revenue of distribution enterprises during the statistics period, and the unit is 104 CNY.


[image: there is no content]



(8)









3. Fuzzy Matrix Model on Urban Distribution


3.1. Analysis on Influencing Factors of Urban Distribution Mode


For companies that have accumulated practical experience in the field of urban distribution, they need to change strategies according to the market, etc. Re-determine the original distribution mode, and make decisions whether to change the distribution mode or not, so as to improve the value in the supply chain. The optimum of urban distribution mode needs to consider multiple factors comprehensively. Therefore, combined with the existing research materials and the characteristics of urban distribution, the main influencing factors are selected and analyzed, which lays the foundation for the optimization of urban distribution mode.



The development scale and strength of enterprises are the important influencing factors of the urban distribution mode. The comprehensive reflection of the strength, such as market share, operating income, profit margins, information technology and so on, which decides the distribution strategy of the enterprise. Distribution needs to be invested in the construction of infrastructure and the purchase of distribution facilities and equipment. The payback period is long, but it also needs information technology and high-level personnel who have practical experience of distribution management. Enterprise scale strength includes three sub factors: investment risk bearing capacity, information technology level and facilities and equipment level.



	
Investment risk bearing capacity. The change of distribution mode needs to have the corresponding investment and the investment must be at risk. Investment risk bearing ability measures whether the enterprise has sufficient funds, relatively stable market share and good prospects for development. It deals and contend with the risks and uncertainties caused by distribution investment.



	
Information technology level. Information flow is related to the effective convergence of each link of distribution, and it is the main influencing factor of distribution mode. Information technology level reflects that whether the enterprise has the ability to introduce the information management systems and technologies necessity for distribution or not, as well as the knowledge and professional level of the personnel engaged in information management on the distribution.



	
Facilities and equipment level. Distribution activities cannot be separated from the facilities and equipment. The advanced level of the infrastructure such as operating facilities and equipment are the important factors that should be considered in the urban distribution mode.






Enterprises vary in their distribution service capability. Distribution has the essential characteristic of the service and is an important part that cannot be ignored during the time that enterprise completes the whole transaction. Due to the personalized requirements of the customers in different industries supply chain, the differences vary widely, such as the timeliness of distribution, flexibility and other service capacity requirements. As a result, he positioning of the distribution service level differs between different enterprises. Selection of a reasonable urban distribution mode needs to adapt to the distribution services capability of the enterprise. Distribution service capability includes three sub factors: timely accuracy, service flexibility and economic efficiency.



	
Timely accuracy. The goal of distribution is to deliver the goods accurately and in a timely manner to the designated location of customer. Accuracy refers to the quality of goods being guaranteed and the number of varieties being accurate. For the distribution of the production material, the requirements of the timeliness and accuracy for client companies are extremely high. Enterprises need to locate the degree of timely accuracy for the services.



	
Service flexibility. It measures the ability of enterprises so that the enterprises respond to the temporary change of distribution demand. Customers will always temporarily change the distribution time, the variety and quantity of goods and other key plans for certain reasons. In order to maintain a good relationship with customers, enterprises determine the extent to respond to such changes.



	
Economic efficiency. Out of interest, the enterprise pays attention to the management of the distribution cost. Economic efficiency pays attention to the distribution cost of the unit value commodity, which is the factor that enterprises need to consider in choosing the urban distribution mode. Economic efficiency is different to the enterprise on the different development degree.






If the distribution mode of enterprise is consistent with social development trend, the resistance and difficulty of the implementation process are relatively small. Affected by the adjustment of the key direction in the national economic development, the transference of social hot spots and the development trend will change to where the enterprise is located. It is the influential factor of urban distribution mode. Social development trend includes three sub factors: distribution policy and regulation, enterprise cooperation ability and low carbon economy development.



	
Distribution policy and regulation. Distribution is the function of the logistics close to the end, and it is the key link to solve the problems in people’s livelihood. Therefore, the introduction of distribution-related policies and regulations is particularly important. Enterprises need to consider the distribution policy and regulation in the selection, and to achieve the orderly development of distribution under the guidance of policies and regulations.



	
Enterprise cooperation ability. The implementation of the urban distribution mode cannot be separated from the cooperation with other enterprises. The level of internal firm cooperation ability affects the selection of urban distribution mode. The enterprise cooperation ability involves the coordination communication ability and the decision control ability to the key question.



	
Low carbon economy development. Low carbon economy is a hot spot in the future development of Guangzhou city. The work of energy saving and emission reduction is always the focus. Urban distribution is the key source of carbon emissions and we can achieve emission reduction through optimizing and adjusting the distribution strategy. Therefore, the selection of urban distribution mode needs to consider the factors of low carbon economy development.







3.2. Researches on Method of Low Carbon Urban Distribution Mode Based on Fuzzy Analytic Hierarchy Process


On the basis order idea of analytic hierarchy process, this paper proposes the selection method of low carbon urban distribution mode by adding the modified fuzzy matrix consistency method. The whole method consists of seven steps and the details are as follows.



First, make the decision objective clear. The reduction of total energy consumption, total carbon emission and total cost are not the decision objective proposed in this paper. Instead, the decision objective is to choose the best urban distribution mode and reduce the carbon emissions intensity of urban distribution. On one hand, based on the full understanding of all aspects, enterprises personnel re-examine the relative importance of the pair wise of the influencing factors, which realizes the re-judgment and adjustment of enterprises. On the other hand, we compare the carbon emission intensity before and after the selection, and test the low carbon contribution of the distribution mode. In summary, the decision target of the selection method proposed in the paper includes two aspects.



	
To select the urban distribution mode;



	
To reduce the carbon emissions intensity.






Second, construct the hierarchy analytic structural system. The alternatives to urban distribution mode include self-distribution mode, mutual distribution mode, third party distribution mode and common distribution mode. Influencing factors are mainly three comprehensive factors including enterprise scale strength, distribution service capability and social development trend, and the nine factors of subdivision level. As a result, a hierarchical analytic structure system is built and composed of the target layer, the criterion layer, the sub criterion layer and the plan layer. The symbol mark is given to each factor (for example, M, Z1, Z2, Z3, G1, G2), so as to improve the construction efficiency of the fuzzy complementary judgment matrix. The dominance relationship among the factors is shown in Figure 1.


Figure 1. Urban distribution mode decision hierarchy analytic structure system.



[image: Sustainability 08 00673 g001 1024]






Third, establish the fuzzy complementary judgment matrix. For decision makers, from the perspective of the same dominant factor in the upper level, it is more intuitive and easy to judge the relative importance of the two factors than directly giving their respective weights, which is the essence of the judgment matrix. According to the urban distribution mode, decision hierarchy analytic structure system is established. Urban distribution policy makers respectively construct the fuzzy complementary judgment matrix in order, from top to bottom then from left to right. In order to improve the practical application value of the decision result, enterprise urban distribution policy makers must thoroughly understand the situation of all aspects by the enterprise itself, and have an overall understanding of the external related development trend, in order to better judge the relative importance of the paired factors and provide more reasonable preference information.



Forth, check and improve the consistency in fuzzy complementary judgment matrix. In this paper, the requirement on the additive consistency of fuzzy judgment matrix is not very strict. Set the threshold value [image: there is no content]. If [image: there is no content], it is considered that the fuzzy judgment matrix is consistent. Otherwise, it is necessary to adjust the elements of the fuzzy judgment matrix until the consistency condition is satisfied. This paper follows the principle that as far as possible to retain the preference information of the personnel, and only adjust the value of a pair of elements at a time.



Fifth, decide the hierarchical ranking. The calculation method is shown as Equation (9). [image: there is no content] represents the weight of the factor [image: there is no content] dominated by the factor [image: there is no content] in the upper layer.


[image: there is no content]



(9)







On the basis of the hierarchical single ranking, the comprehensive weight of each alternative scheme is calculated, so as to make the decision accurately. The comprehensive weight calculation method is as follows. Assuming that this paper has calculated the weight vector of [image: there is no content] factors of the [image: there is no content] layer relative to the total target, the weight vector is [image: there is no content], and the weight vector of [image: there is no content] factors of the [image: there is no content] layer dominated by the [image: there is no content] factor of the [image: there is no content] layer is obtained through the hierarchy single ranking. It is [image: there is no content], and the corresponding weight of the factor is zero, which is not controlled by the [image: there is no content] factor of the [image: there is no content] layer. Supposing [image: there is no content], then the calculation method of the weight vector in the [image: there is no content] layer relative to the total target is shown as Equation (10). The comprehensive weight of each scheme can be obtained by calculating the layer in order. The scheme whose weight is largest may be the optimal urban distribution mode suitable for the enterprise through the process of decision-making.


[image: there is no content]
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Last, pilot distribution mode scheme and comparison of carbon emission intensity. This paper is based on the specific project, so it is necessary to put the research into practice. On one hand, through the industry association, there is a cooperative relationship between the project implementation unit and the enterprise. It contributes to pilot the new distribution mode for a particular category within a given period of time, collect the required activity data and revenue for the same period of last year. On the other hand, large to the country and Guangdong Province, small to Guangzhou City, the development of low carbon economy is the important theme currently or in the future. Whether the scheme can reduce the carbon emission intensity has become the focus of enterprise, and although the logistics industry is not included in the scope of Guangzhou City carbon emissions trading pilot, it is the key industry considered in the future. Reducing the carbon emission intensity is the responsibility of enterprise to develop the sustainable development.



Therefore, to obtain the most suitable distribution mode is not the same with the original method through the above judgment decision process. They will pilot urban distribution mode scheme in a specific period of time for a specific category. At the end of the pilot period, the activity data, revenue of the period and the same period of last year should be collected. The carbon emission intensity is calculated and compared. If the carbon emission intensity weakens to a certain extent, it shows that the urban distribution mode piloting has more significant low carbon benefits, so enterprises can consider the promotion of the distribution mode.




3.3. Analysis on the Present Situation of the Guangzhou Distribution


Urban distribution is a subsystem in the entire logistics system, which can provide users with direct logistics services and meet the needs of residents living in major livelihood projects. In February 2013, the Ministry of Transport, Ministry of Public Security, Ministry of Commerce and other seven ministries jointly issued “On strengthening and improving the urban distribution management”. They planned to improve distribution infrastructure, urban distribution markets significantly and optimized body structure within five years. With the wide application of the urban distribution models, urban distribution vehicle traffic becomes more orderly and smooth, urban distribution operational efficiency improves certainly. Based on the “City of Guangzhou Logistics Development Plan (2014–2020)”, this paper analyzes the distribution situation in Guangzhou City and the problems of building in urban distribution system. The analysis of the study will help enhance the public awareness of urban distribution situation for urban development.



Types of goods and freight distribution situation are as follows. The goods under city logistics are residents’ living goods. According to “Guangzhou City Statistical Yearbook [37]” the statistical standards are divided into 25 categories, including feedstuffs, cotton, metal materials, wood and related products, chemical materials and products and other goods due to product attributes in downtown Guangzhou. At this stage, goods have not been established in urban Guangzhou logistics freight statistical system, each company has different statistical standards, so the city cannot get the logistics industry cargo data. According to a close relationship between logistics and business flow, from end to start the sale of goods, the use of the social retail sales data estimates Guangzhou city logistics freight data, the results are shown in Table 1. The calculation is completed in 2013, Guangzhou City Distribution volumes 44,490,600 t, 127.42% increases compared to 2008, an average size of 4,154,600 t, average annual growth rate of 21.24%. Distribution from the city spatial structure are the center four districts (Yuexiu, Tianhe, Liwan District, Haizhu District), Panyu District, Guangzhou Baiyun District and the city’s largest urban logistics distribution are seen in Figure 1 and Table 2.



Since 2013, Guangzhou has become the first batch of urban distribution pilot city in China, it has been gradually carried out the plan of distribution pilot.



	
According to the requirements of specific documents, it has selected fourteen logistics enterprises as urban distribution pilot enterprises and try to implement advanced distribution mode in these enterprises;



	
Set up high standard professional fleet. It also has designed urban distribution logo with Guangzhou’s characteristics, and introduced nearly 500 vans with unified identity. Vehicle weight is mainly not more than 2 tons, partly 2 tons to 5 tons, which provides hardware conditions for the realization of “centralized distribution and joint distribution” in the future;



	
Combining with the actual production situation and taking into account the traffic pressure, it has developed reasonable traffic policy. In case that the traffic is not affected, give the pilot vehicle with a short time stop. According to the principle of “one car one card”, make urban distribution pass for the pilot vehicle;



	
Prepare and develop urban logistics;



	
Establish development plan. On the basis of the current situation, make plan for public distribution node layout, distribution channel and public information platform, which are the preliminary preparation for the implementation of common distribution;



	
Draft relevant standards for urban distribution, including “Standard for private parking spaces”, “Specification for urban distribution service”, “Specification for urban distribution center construction” and “Standard for common distribution operation”.






In the 25 categories of distribution goods in Guangzhou City, there are eight categories of goods accounted for more than 93%, shown in Figure 2. The specific content is shown as following.


Figure 2. Distribution of the proportion of the main distribution goods of Guangzhou City.
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Food, beverages, tobacco and alcohol are three of the largest proportions among the distribution objects, 2.51% higher than the proportion of petroleum and its products. The situation of 35.27% shows that the most important function is to meet the living needs of the residents rather than the demand of industrial production.



	
The proportion of petroleum and automobiles are 32.76% and 10.20% respectively. Mainly because the petrochemical manufacturing industry and automobile manufacturing industry are the two pillar industries in Guangzhou City and belong to heavy industry.



	
The freight volume of clothing, textiles, household appliances and audiovisual equipment, accommodation catering services related distribution category accounts for about 3.72%, because the clothing wholesale industry, audio and video industry and catering service industry in Guangzhou City are relatively developed.



	
The daily distribution freight volume of Chinese and western medicines accounts for about 2.16%. To a certain extent, the large distribution quantity of daily necessities is related to the high proportion of the floating population. The health industry is more mature and people pay attention to the pension and health care, so the relatively distribution quantity is large.






Goods are distributed in some specific periods, shown in Figure 3.


Figure 3. Main distribution period of eight kinds of goods in Guangzhou.
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The distribution period of fresh vegetables, meat, frozen food and other products of food, beverages, tobacco and alcohol are mainly concentrated in 5:00 A.M.–8:00 A.M. The distribution period of fruit is mainly concentrated from 6:00 A.M.–8:00 A.M. and 4:00 P.M.–5:00 P.M.



	
The distribution periods of beverages and daily necessities are mainly concentrated in 7:00 A.M.–9:00 A.M. and 4:00 P.M.–6:00 P.M. It is more obvious at the weekend.



	
The distribution period of clothing, textiles and medicines are relatively scattered, mainly during work hours of the day.



	
The petroleum and automobiles have the characteristics of low distribution frequency and large capacity. The distribution period is mainly concentrated after 9:00 P.M.



	
The distribution period of household appliances and audiovisual equipment is mainly concentrated in 9:00 A.M.–12:00 A.M.



	
The distribution period of accommodation catering services related distribution category are mainly concentrated in 6:00 A.M.–8:00 A.M., 10:00 A.M.–11:00 A.M., and 4:00 P.M.–6:00 P.M., coinciding with the time of checking inn hotel and dining hours.






It is visible that in addition to petroleum and its products, automobiles, the distribution period of the other six major categories with the morning and evening peak. The policy of restricting the passage will significantly affect the distribution of these goods.



The distribution nodes are specific, the construction of all kinds of distribution nodes in Guangzhou City are shown in Figure 4. The overall distribution level is not high, but policy guidance is needed to build a more systematic distribution nodes network. Specific performance is as following.


Figure 4. Construction of all kinds of distribution nodes in Guangzhou City.
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Three level nodes: In the three kinds of distribution nodes, the community distribution center occupies the largest proportion. However, it does not get reasonable planning and construction, and the overall size is small. Most of them are temporarily set up, and the function of the distribution node fails to meet the requirement of distribution.



	
Two level nodes: The number of urban distribution centers is about seventy, but it mainly serves the customers, not providing other enterprises with distribution resources.



	
First level node: The number of large logistics distribution base is less and the development is scattered. However, they generally achieve better operation effect, providing high-quality hardware and software basics for the effective operation. The shortage is that the comprehensive large-scale logistics distribution base has not been timely planned and constructed, which is the work focus in the future distribution development.






Urban distribution problems are as follows.



For the hardware problems, the urban logistics infrastructure is good enough, but still unable to form a highly efficient, rational urban distribution system. With the rising level of urbanization, the logistics industry gradually gets attention. Guangzhou’s logistics industry starts in recent decades, but it lacks of the large-scale integrated urban distribution centers, the community center, commercial centers, commercial streets and community centers. Populated areas do not plan to open community distribution points, wholesale markets warehousing. In addition, logistics enclave relocation has not been set up independently. Professional distribution center node structure is incomplete, tobacco, salt, medicines and other goods distribution node lack of professional support.



Urban delivery vehicle standardization needs to be improved. Guangzhou City, as a large international city, the production of materials should meet people’s daily lives and businesses of the daily production needs. It is predicted that by 2015, Guangzhou needs more than 100,000 vehicles to provide logistics and distribution business. Thus, traffic conditions will face serious challenges. However, at this stage, with the launching of the pilot city, development and implementation of appropriate delivery vehicle standards are already on the right track, but the standardized delivery vehicle are used by less than 30%, there is a large number of “Customer to Freight” vehicle.



For software problems, urban distribution faces “three difficult” problems on vehicle travel. There is a common problem in large cities, distribution vehicles have difficulties in parking, loading and unloading. Since Guangzhou commerce industry develops, with a large amount of vehicle ownership, the congestion situation is more serious. In order to reduce urban traffic congestion, truck limit line policies are imposed increasingly stringently. The policies aim to restrict access area to expand continually.



City distribution and information standardization improves. On the information level, the existing logistics information platform is imperfect in Guangzhou, because it lacks of inter-departmental communication and cooperation. Therefore, the information system platform becomes fragmented and cannot communicate with each other, which leads to information “islands”, duplication and waste of resources. It is not conducive to communicate among enterprises, government, business and the market. Moreover, it hinders the improvement of logistics. On the level of standardization, standardization of logistics industry in Guangzhou City is low. Many of the standardizations follow national standards, few of them with modern logistics industry in Guangzhou City. Guangzhou currently is only available in some logistics aspects to carry out some studies and develops a corresponding standard. The lack of effective connection is not conducive to the development of the logistics industry standardization.



Lack of government support policies, the related support policies for urban distribution, such as land concessions, tax incentives, and financial subsidies, is insufficient in Guangzhou City. The government has not played the leading role in the development of urban distribution. Many companies reflect that there is a lack of financing support policies in Guangzhou City, and few of the incentive policies are introduced. At the same time, financial institutions have not designed ancillary financial products around the logistics industry, so that the services sector asset light logistics companies have difficulty in financing and operations.




3.4. Determine the Main Research Types of Goods


Based on the Guangzhou City, this paper studies the best urban distribution mode. The main types of distribution goods are numerous, and the proportion of the freight volume are quite different. Research on the distribution mode does not have practical significance. Due to the limited space, this article only studies limited types of goods. From the perspective of low carbon, it should focus on the research which distribution carbon emission intensity is higher. According to the definition of urban distribution carbon emission intensity, the carbon emission intensity of some goods is in direct proportion to the total amount, and is inversely proportional to the revenue. Under normal circumstances, the total amount of carbon emission is consistent with the change trend of freight volume. Therefore, the goods distribution whose freight volume is relatively large but revenue is not high, which will be the focus research object in this study.



According to the preliminary study, in the order of carbon emission intensity from large to small, the eight categories of goods are followed by:

	(1)

	
Food, beverages, tobacco and alcohol;




	(2)

	
Daily necessities;




	(3)

	
Accommodation catering services related distribution category;




	(4)

	
Petroleum and its products;




	(5)

	
Household appliances and audiovisual equipment;




	(6)

	
Clothing and textiles;




	(7)

	
Automobiles;




	(8)

	
Chinese and Western medicines.









We specifically choose the above nine variables affecting urban distribution model, measured on a nine-point scale using the following bands: strongly disagree; disagree, tend to disagree; average; tend to agree; agree, strongly agree. The maximum weight is given for “strongly agree” in the case of a favorable attitude and for “strongly disagree” in the case of an unfavorable attitude. Finally, we choose four groups including government policy makers, senior corporate managers, logistics experts and truck drivers as evaluation variable object, a total of 20 people, with their score average data as a basis for subsequent decisions.



In the second phase, before we obtain the scores made by four groups of personnel, we carefully explain to them in detail the meaning and impact of the nine related variables, which aims to ensure that all respondents can understand. We interview government decision-makers, senior corporate manager, logistics experts and truck drivers each five people, let them fill out a corresponding questionnaire. Questionnaires are developed based on FAHP model, every problem is to compare the two standards. The survey is based on the overall perception of the situation to confirm the two standard weight. Then we will fill and correct the scores according to the consistency in the FAHP model.



Finally, the sensitivity analysis is examined to determine the impact of changes in the weights of the decision criteria. Next, this paper takes a number of representative enterprises as examples. Using the method proposed above and adopting Office Excel Microsoft as the auxiliary computing tool, we study the urban distribution mode of enterprises that operate these categories of goods, and re-determine the applicability of the existing urban distribution mode, so as to choose the best distribution mode and achieve the reduction of emission intensity. At the same time, in order to protect the business privacy, this article retains some sensitive information. The specific calculation process is detailed in the supplementary material.




3.5. Comparison on Four kinds of Distribution


There are the main four kinds of urban distribution. The comparisons are shown in Table 6, from the perspectives of logistics control, impact on the rest of the business, business connection degree, input costs, operating costs, delivery timeliness, efficiency of information feedback, the safety of the goods, customer experience, coverage, and the market supply and demand.



Table 6. Comparison on four kinds of distribution.







	
Factors

	
Self-Distribution

	
Mutual Distribution

	
Third-Party Distribution

	
Joint Distribution






	
Logistics Control

	
Higher, all-the-way tracking control

	
High, all-the-way tracking control

	
Low, hardly tracking control

	
General, partly track control




	
Impact on the Rest of the Business

	
Scattered resources on other business

	
General, partly promote on other business

	
Expand the business outside of logistics

	
General, partly promote other business




	
Business Connection Degree

	
High, interface with other parts preferably

	
General, require high informatization

	
Low

	
Integrate operation hard




	
Input Costs

	
Upfront costs high

	
Upfront costs general

	
Upfront costs low

	
Upfront costs general




	
Operating Costs

	
General, recoup funds fast

	
General

	
High, difficult to recoup funds

	
General




	
Delivery Timeliness

	
Strong, shorten the delivery time

	
Strong, deliver in time

	
Bad, deliver on time hardly

	
General, deliver on time




	
Efficiency of Information Feedback

	
High

	
High

	
Sometimes delay

	
Sometimes delay




	
The Safety of the Goods

	
Higher, ensure the safety

	
High, almost ensure the safety

	
General, almost ensure the safety

	
Bad, damage goods easily




	
Customer Experience

	
Ensure quality of service, provide personalized service

	
High, provide personalized service

	
Third-party decides, difficult to provide higher service

	
High, provide personalized service




	
Coverage

	
Lowest

	
Lower

	
High, many branches

	
Low




	
Market Supply and Demand

	
Obvious gap between supply and demand

	
Respond timely

	
Respond quickly adjust the resources allocation

	
Difficult to quickly respond to change












4. Results and Discussion


4.1. Results and Discussion on the Urban Distribution Mode of Enterprise A


Enterprise A has a number of brand drinks distribution rights in Guangzhou, provides supermarkets, retail stores and other business customers with complete sets of beverage distribution services, forming a wide range of consumer goods distribution network. After years of development, enterprise A has a mature distribution management and technical capabilities. It has built a large distribution center and fleet. The number of the vehicles is approaching five hundred, and it is a leading enterprise in the field of distribution in Guangzhou. It is visible that the distribution strategy of enterprise A is self-distribution mode, and the practice proves that the distribution mode is successful. However, as one of the survival rules of enterprises, enterprises must periodically re-judge and adjust the distribution development strategy to adapt to the economic and social development trend. Therefore, the urban distribution mode method proposed in this paper is also applicable to the enterprise A. By using the method, the comprehensive weight of each scheme is as following:
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In conclusion, the administrators of distribution provide the preference information of each factor according to the comprehensive situation of its own strength and external environment. Using the improved FAHP proposed in this paper to carry out the related calculation, there are the following conclusions: the decision result of enterprise A is to maintain the original distribution mode, which shows that the development of self-distribution mode has a mature condition. It is a typical enterprise with self-distribution mode. For enterprise A, since ratio of self-distribution is much higher than other three kings of distribution, to optimize the urban distribution mode is not the optional method to develop low carbon economy, but it can reduce urban distribution carbon emission intensity through the introduction of clean energy vehicles, improving vehicle loading rate and distribution management level and other ways.




4.2. Results and Discussion on the Urban Distribution Mode of Enterprise B and Enterprise C


Enterprise B was founded in the early twenty-first century, located in the edge of Liwan District of Guangzhou City, where is near Foshan City. With more than ten years’ experience of daily necessities wholesale sales, it has more than sixty brands of daily necessities distribution rights, and the purchase channel is stable with a price advantage. The company offers distribution services autonomously, achieving sales and distribution integration. However, sometimes enterprise B cannot meet some customer demand for the rare brand daily necessities.



In order to improve the customer satisfaction and loyalty, considering its own interests and market channels news, enterprise B learns that daily necessities distribution enterprise C is near the junction of Baiyun District Airport Expressway and has the distribution rights for these rare brands. At the same time, enterprise B finds that there is almost no overlap between the daily necessities types that enterprise C operates and its business scope. In addition, enterprise C also belongs to the integration of sales and distribution. To a certain extent, it reflects the universality of self-distribution mode in Guangzhou City. Therefore, through the cooperation with enterprise C, they share the customer resources and open up their own market scope, but still maintain the original distribution rights, providing customers with the purchase channels and distribution services autonomously. However, due to the far distance from the new development customers, the self-distribution mode of the two enterprises has not played its due role, and fails to timely supply, which results customers out of stock frequently.



Therefore, enterprise B and enterprise C need to re-judge the urban distribution mode, which can use the method of low carbon urban distribution mode to carry out optimization and analysis. Using the method proposed in this paper, we have the following results: For enterprise B, the comprehensive weight of each scheme is: [image: there is no content]; For enterprise C, the comprehensive weight of each scheme is:
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Therefore, the two companies have come to the conclusion that the existing urban distribution mode does not meet the needs of enterprises and social development. At present, the development of common distribution mode does not have the mature conditions, and the use of third party distribution mode has little attraction for enterprises with self-built distribution system. Therefore, mutual distribution mode is the most suitable distribution mode after the judgment and analysis of enterprise B and enterprise C while the common distribution ranks second. Common distribution has the advantages of high distribution efficiency and low distribution cost. However, it has the risk of commercial safety and benefit distribution. When the information technology level, cooperation ability, distribution policy and regulation improve, the most suitable distribution mode may become common distribution, since the ratio of mutual distribution is not far higher than that of common distribution urban distribution mode. At the same time, through the process of decision analysis, it concludes that mutual distribution mode is a better urban distribution mode for the two companies. Therefore, for the enterprise whose essence is the pursuit of interests, it is feasible to use mutual distribution mode between enterprise B and enterprise C. They use each other’s distribution resources and systems in the economic scope, then improve the customers’ logistics distribution experience. With the mutual distribution, the enterprises can expand its size and distribution scope without investing lots of money and manpower. However, mutual distribution requires a higher level of informatization and coordination capacity of enterprises.



As the results are shown, the share of self-distribution and the common distribution are similar in enterprise A, but enterprise A prefers self-distribution to common distribution. As for the enterprises B and C, the priority of mutual distribution and common distribution is also very close, but enterprise B and C prefer mutual distribution more. However, in terms of business and government perspective, the common distribution is more efficient and cost-saving. From the perspective of enterprise, common distribution enables distribution operations to achieve economies of scale, improves the efficiency of distribution and reduces operating costs. Besides, with common distribution, enterprise does not need to invest a lot of money, equipment, land, labor, etc., it can save resources for the enterprise. Therefore, enterprise can focus on the development of core-business, which can promote the growth of enterprises, expand the scope of the market, eliminate the original closed sales-network and finally build a coexistence environment.



With the guidance of low carbon economy, the government hopes to achieve common distribution in urban distribution. Common distribution benefits a lot, such as: reduce the total amount of vehicles and the discharge phenomenon in public traffic and improve transportation situation. By the centralized processing, vehicle loading rate is improved, space-saving and human resources are saving, which improves the business environment and the overall quality of social life. However, common distribution faces several problems, such as the capitation fee of logistics cost and business secrets. Besides, there is a gap scale on business district and business sense, which is difficult to reconcile.



Therefore, we give advice to the government. On one hand, the government should accelerate the construction of infrastructure and support some distribution enterprises to establish large-scale distribution centers. As for the household living products, the government can offer subsidies or reduce operating costs in the distribution centers. The government should also encourage more enterprises to use the distribution centers invested by government. At the same time, we must make the rule of fair cost-sharing and the protection of commercial confidential so that enterprises store the goods trustingly. After forming the goodwill and the dependence on large-scale distribution centers, it promotes the development of common distribution. On the other hand, at this stage, the government can encourage large companies to continually integrate resources and expand the scale of the formation of self-distribution. On account of the middle and small enterprises, the government should encourage mutual cooperation between them, constantly improving the process of information in logistics system and reduce the expenditure of human cost. Through the cooperation, the enterprises build a large and mutual distribution system, aims to achieve cost savings and distribution objectives.



Details of the pilot process, data collection and calculation are in the supplementary material. The pilot result is that the carbon emission intensity of enterprises B and enterprise C decreases by 11.28 percentage points than that in the same period last year. It is proved that the mutual distribution mode is more in line with the development trend of low carbon economy than the self-distribution mode. Even if the decrease degree by 11.28% has a significant distance with China’s carbon emission intensity reduction target in 2030 by 60%–65%, but it is also a positive exploration of low carbon in the field of urban distribution. In the future, with the implementation of preferential policies and measures, it will be able to get a greater degree of reduction for the improvement. If enterprise B and enterprise C use mutual distribution mode, to a certain extent, it can provide commercial activities with efficient distribution experience. It is consistent with the development trend of low carbon economy and is worth promoting the city distribution mode. More importantly, the results show that the low carbon urban distribution mode method can effectively guide enterprises to focus on climate change issues develop low carbon urban distribution, consciously undertake carbon emission responsibility and conduct carbon disclosure.





5. Conclusions


This paper studies the optimum urban distribution mode under low carbon economy, and takes Guangzhou City as an example to make a more specific analysis and research. The low carbon urban distribution mode method proposed in this paper provides a theoretical reference for enterprises to adopt low carbon, more environmentally and friendly urban distribution mode, and promote the transformation and upgrading of urban distribution industry with practical application value. The main research work of this paper is summarized as follows.



	
On the basis of the existing research, the consistency checking and improved algorithm of fuzzy judgment matrix are optimized, the derivation process and the principle of the algorithm are described in detail, and the efficiency of the algorithm improves.



	
It is considered that the urban distribution mode needs to form from repeated exploration and practice, which cannot be designed without foundation. Four kinds of mature distribution modes have been analyzed: self-distribution mode, mutual distribution mode, third party distribution mode and common distribution mode.



	
Combined with other scholar’s research results and the characteristics of urban distribution, this paper systematically analyzes the influencing factors of urban distribution modes, adding the factor of low carbon economy development to the range of the influencing factors, and build up a more targeted influencing factor system composed of nine sub factors.



	
Put forward carbon accounting method, which is suitable for urban distribution. Analyze the general process of urban distribution and define the boundaries of the carbon footprint. Determine emission inventory and build the carbon accounting model composed of two parts: the direct and indirect emissions, point out that there is a close relationship between the active data collection and the result of the emission inventory analysis; Propose using indicators-urban distribution carbon emission intensity to measure the low carbon benefit of the scheme.



	
Propose the method of low carbon urban distribution mode based on FAHP. Fully integrate the previous study of the influencing factors on urban distribution mode selection, fuzzy analytic hierarchy process, urban distribution carbon accounting methods and other researches, which totally contain seven steps.



	
From the following four aspects: administration department work progress, main distribution object, main distribution period and distribution node, this paper analyzes the situation of the development of Guangzhou City.



	
Based on the previous research, determine the three categories as the focus to research: food, beverages, tobacco and alcohol and daily necessities.



	
Taking two kinds of enterprises as an example, beverage and daily necessities, the analysis is based on the low carbon urban distribution mode method proposed in this paper. Enterprises distribution management personnel provide preference information, and then fuzzy complementary judgment matrix related operation is carried out. The results show that the method is helpful to promote enterprises to develop low carbon urban distribution, consciously undertake the carbon emissions responsibility and conduct carbon disclosure.






In addition, due to the limited capability of the author, in the specific application of the low carbon urban distribution mode decision method, the research objects are limited in beverage and daily necessities, but not in the consumer goods closer to the people’s livelihood, like fresh food, clothing, etc. The application research of these aspects can be more considered in future research. At the same time, in the research of urban distribution carbon accounting method, this paper only refers to the method provided by “2006 IPCC Guidelines for National Greenhouse Gas Inventories” [28] to build a more ideal and simple model, without considering the vehicle speed, emission control technology, temperature and other factors that affect the carbon emissions, innovative research is required in the future for further research in this area.








Supplementary Materials


Details of the pilot process, data collection and calculation are available online at www.mdpi.com/2071-1050/8/7/673/s1, Table S1: Fuzzy judgment matrix dominated by target M; Table S2: Fuzzy judgment matrix dominated by rule Z1; Table S3: Fuzzy judgment matrix dominated by rule Z2; Table S4: Fuzzy judgment matrix dominated by rule Z3; Table S5: Fuzzy judgment matrix dominated by rule G1; Table S6: Fuzzy judgment matrix dominated by rule G2; Table S7: Fuzzy judgment matrix dominated by rule G3; Table S8: Fuzzy judgment matrix dominated by rule G4; Table S9: Fuzzy judgment matrix dominated by rule G5; Table S10: Fuzzy judgment matrix dominated by rule G6; Table S11: Fuzzy judgment matrix dominated by rule G7; Table S12: Fuzzy judgment matrix dominated by rule G8; Table S13: Fuzzy judgment matrix dominated by rule G9.
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