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Abstract

:

In the current conditions of sharp change in demand and instability of markets, there is a need to develop a method and evaluation criterion that would meet the sustainable scenario of a supplying goods system including the consumer-driven concept. The analysis of goods distribution methods showed that to assess the integrated efficiency between the supply system and its end-consumers, it is advisable to apply integrated criterion efficiency—generalized distribution utility. The developed indicator takes into account the profit of the distribution channel (or its participants) and the generalized costs of end users during shopping activity. Based on the proposed indicator, the feasibility of using vehicle capacity is substantiated, which provides the maximum generalized distribution costs value and corresponds to the optimal sustainable distribution in consumer-driven logistics.
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1. Introduction


Market relations are constantly evolving, which greatly contributes to the development of trade services. At the same time, competition between retail chains and their supply systems is growing. The last five years has seen a sharp increase in the number of modern retail chains. The sharp increase in the number of retail chains with different qualities of service and price ranking has led to the fact that logistics systems have to adapt to varying conditions on demand and, based on this, effectively implement the distribution of goods. In addition, the demand is constantly changing, as well as the range of goods in accordance with the variability of end-user demand, due to a number of circumstances. First, needs of distribution of thehouseholds income between saving and purchasing various goods and services that would maximize the utility. Second, needs of increasing the economic value of time and energy of the end-consumers due to the purchasing process. All this presupposes a constant search for new sustainable management methods to meet the needs of consumers on the one hand, while ensuring the maximization of profits of the freight flows distribution system on the other [1,2].



Research in recent years in the distribution of finished products has shown that freight manufacturers and distribution networks make logistics decisions considering the consumption zone, and this approach is called «consumer-driven» [3]. Peculiarities of the application of such approach, at present, are connected with a number of problematic questions arising in the course of freight flows distribution: development of transport service technology, definition of an optimum level of stocks, frequency and volume of deliveries in distribution channels, etc.



An analysis of the scientific works on logistics and its relevant areas allows to conclude that there is a tendency to study the sector features of the finished products distribution including all stakeholders and their interconnectedness [4,5]. Opposite objects of all stakeholders in the logistics channels (i.e., personal profit, reducing negative effects for society, saving the household budget, etc.) encourage the development of a joint evaluation mechanism that would assess any distribution scenario and provide recommendations for integrated efficiency.



In conclusion, it should be noted that the efficiency of business and social sectors is directly related to the development of sustainable management technologies. Simultaneously, the existing methods and frameworks in the freight flows distribution have been limited in assessing end-consumer utility to logistics channel operations. Generalized integrated efficiency assessments of distribution scenario profits and the expenses of its end-consumers due to shopping are required investigations. Therefore, the purpose of such research is to maximize generalized utilization efficiency related to shopping activity and create a goods supply sustainable scenario.



The article consists of the following stages:




	(1)

	
Analysis of the literature in two aspects: assessment of the efficiency of goods supply in urban goods distribution and assessment of shopping mobility costs of end-consumers;




	(2)

	
Formation of the goal and hypothesis;




	(3)

	
Generalized distribution costs in consumer-driven logistics concept;




	(4)

	
Modeling results, which consist of the formation of initial data and the definition of constraints, simulation scenario of distribution, patterns of change in the consumption value of end-consumers when consuming goods, patterns changing the parameters of the delivery of freight flows in urban transport systems;




	(5)

	
Discussion and conclusions.










2. Materials and Methods


2.1. Evaluation of the Goods Supply Efficiency


The issues of assessing the effectiveness of scenarios in the logistics systems modernization and chains are not new to science, as a significant number of works are devoted to their definition [5]. Depending on the scale, goals and objectives of the measures, the effectiveness of their implementation is assessed using different criteria. Today, the criteria that characterize economic efficiency are widely used. Criteria characterizing the technological and organizational components are also widespread (based on [6]). The basic technological indicators of transport service efficiency are [7]: vehicle capacity, vehicle mileage (total, with freight, empty), route length, number of rides, number of tours, delivery time, technical speed, operational speed, freight delivery speed, vehicle performance, and volume transportation. The operational indicator of the efficiency of transport services is energy consumption [8], which characterizes the level of consumption of fuel and energy resources per unit of transport products [9]. More extensive applications as criteria are the technological and organizational characteristics obtained in the development and implementation of a system of balanced characteristics for assessing the effectiveness of logistics activities [10]. These are: the total costs (for the costs of logistics services) [11], order execution time [12], quality of logistics service [13], NPV and other project analysis indicators [14], and efficiency of investments in logistics infrastructure [15].



The use of operational indicators usually involves a multi-criteria assessment (MCA) of measures, while the cost-effectiveness of measures is usually characterized by a single criterion [16]. The use of several criteria that characterize the cost-effectiveness of measures takes place in the application of MAMCA, which has also become widespread in assessing the effectiveness of scenarios in logistics [17]. In many cases, technological and economic indicators are used in combination, for example, in the formation of a system of balanced indicators for assessing the effectiveness of logistics activities, or using one of the groups as criteria, and another as a system of constraints [18]. In addition, the criteria of sustainable development are widely used today, e.g., Logistics Sustainability Index (LSI) [19], logistics performance index (LPI) [20], freight transportation social sustainability index (FTSSI) [21], urban quality-of-life index [22], transportation sustainability index [23], and etc [24]. At the same time, there are a number of shortcomings of existing approaches associated with the variety of possible directions for the implementation of scenarios that provide an increase in the sustainable efficiency of the functioning of logistics chains, differences in goals, scales, restrictions, etc. The constant development of approaches to assessing the effectiveness of their implementation leaves uncertain such issues as the specifics of the application of a particular approach in specific conditions.



The distribution of products in logistics systems is directly related to the impact on the environment. Environmental aspects of logistics include measures to ensure the movement of freight flows in the implementation of any production process, up to its transformation into goods, measures to bring all waste for disposal or safe storage in the environment, as well as collection and sorting of consumer waste [25]. Environmental restrictions are primarily associated with the development of transport and transport communications to reduce their harmful effects on the environment [26]. Social and environmental factors of the logistics environment determine the impact of the social requirements of the population, the demographic situation, changes in the budget of free time, migration of the population, the structure of labor processes and cultural characteristics of certain population groups, as well as the environmental impact of technologies. Such social factors as population migration, the dynamics of the structure of working and leisure time, and the O-D matrix, impose certain restrictions on both the consumer and the city, and its logistics [27].



The growth of competition in the markets indicates that businesses should pay due attention to the research of their customers and the creation of new technologies to promote freight flows, which are based on sustainable indicators of society. Works by the authors [28] describe approaches to planning and organizational process in logistics and analyze more than 130 different performance indicators from different points of view: management, employee, customer and society. The multidirectional nature of performance indicators necessitates further research in this area. This state of affairs indicates that over the past decade there has been a noticeable shift in the attention of the manufacturer towards the buyer. Simultaneously, the existing methodological apparatus used in the sustainable management of freight flows does not provide an effective solution to the indicated challenges. In the conditions, which caused a sharp change in demand, there is a need to develop a method and evaluation criterion that would meet the sustainable scenario of a supplying goods system including a consumer-driven concept. The analysis of goods distribution methods showed that to assess the integrated efficiency of interaction between the supply system and its end-consumers, it is advisable to use an integrated criterion of efficiency—generalized distribution utility.




2.2. Assessment of Consumption Efficiency for End-Consumers


The person in a purchase situation faces various expenses [29]: the purchase of goods, physical strength, time, fatigue, etc. The different ratio and magnitude of these costs can affect the choice of retail object and the number of purchases of retail objects. Analyzing the consumer market and modeling retailer traffic based on all the costs of its customers constitutes one of the forms of improving the efficiency of the retail trade [30]. The analysis shows that women spend more time shopping for non-food items. The distribution of time by age proves the increase of shopping time for people under 30 years of age. According to research data, a person spends an average of 21 min on purchases of non-food items per day, but women spend almost 1.8 times more time shopping for groceries than men. There is a tendency to increase the time for shopping closer to the weekend. The frequency of purchases of goods among men and women varies. For women, whose average is 400 h (16 days) or 301 trips to the store per year, for 63 years of life on average, is 2 years and 10 months of time spent on «shopping». In addition, most time is spent on clothing (30 visits to stores and 100 h 48 min per year) and products (84 visits to stores and 94 h 55 min per year). Buying shoes for women is 40 h and 30 min per year and accessories is 19 h and 31 min per year. This also includes 48 h 30 min a year, during which women simply look at storefronts. Each year, women spend 31 h and 21 min buying books, 17 h and 33 min buying perfumes and cosmetics, and 36 h and 21 min on buying gifts [31]. The mobility indicators can be identified by other methods, such as fully anonymized and aggregated mobile positioning data [32].



Systematization of the analyzed approaches is shown in Figure 1 [33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74].



When designing and organizing the operation of the system of supply and consumption of goods it must be considered inseparable from end users. The process of purchasing goods in transport systems under the distribution scenario is accompanied by the costs of the consumption system, expressed in time and energy costs. This approach makes it possible to assess the transport system, also from the standpoint of the consumer, which is consumer-oriented.



The interaction of supply and demand cannot be separated without the participation of the environment, thus there is a need to describe more accurately all the processes that take place in the supply schemes using the system «Manufacturer»—«End-Consumers»—«Environment», in which logistics is central. The analysis shows that today there is no common point of view regarding the composition and structure of compatible estimated indicators of the efficiency of logistics activities in the scientific community. To assess the effectiveness of the interaction of logistics and its end-consumers, it is advisable to determine a joint integrated assessment of the functioning of the systems «End-consumers—Logistics System». The use of integrated efficiency criteria will make it possible to take into account the revenue from the sale of goods, the cost of distribution in the logistics channel, and the value of the costs of end users of freight due to the acquisition process.



Thus, today modern scientific methods and models solve the problems of certain logistics aspects, but do not fully take into account one of the most important aspects of logistics—the end-consumer.



The following is taken as the working hypothesis:



The decision on the choice of the transport operator parameters (e.g., vehicle capacity) should be made on the basis of the analysis of changes in the generalized distribution utility index in consumer-driven logistics. Optimal is the load capacity that provides the maximum value of this criterion.





3. Results


3.1. Generalized Distribution Utility Index in Consumer-Driven Logistics Concept


Research on the functioning of sustainable logistics systems should be carried out with the involvement of its end users and the principles of systems analysis. The analysis of available methods and models made it possible to determine the following approaches to the sustainable distribution scenario in consumer-driven logistics: experimental, statistical analysis, grouping and comparison of data, mathematical modeling, and regression. An integral approach to sustainable distribution in consumer-driven logistics consists of choosing the structure of the basic elements and management functions of the system, organizing the interaction between its elements, and assessing the compliance of the production version of the system with the requirements for determining the feasibility of improvement. This approach allows to build a mathematical model that is a tool for placing and describing the behavior of elements according to the supply scheme of the city and the consumption system [75].



Thus, in accordance with this, the process of goods distribution, taking into consideration possible scenarios for the distribution of demand from end-consumers, is presented in Figure 2.



System (integrated) planning includes the following stages:




	(1)

	
Definition of service areas and their parameters include: (a) an individual consumption rate of residents; (b) population density in residential areas; (c) socio-economic factors; (d) analysis of the road network. These data assess end-consumers’ behavior and constraints of the system in the current zone, as well as economic development, goals, and objectives, establishing links between parts.




	(2)

	
Determining the demand and sales includes: (a) distribution of demand among retailers (competitor analysis (determination of market share) and determination of demand parameters); (b) transport flows; (c) e-commerce; (d) pedestrian flows.




	(3)

	
Determination of the volume of goods delivery. Estimation of amount of goods to deliver including demand and stocks, selection resources and constraints.




	(4)

	
Development of schemes for the promotion of goods includes: (a) defining a system of constraints and assumptions for individual zones; (b) determination of all participants in the product promotion scheme and the links between them; (c) determination of product promotion schemes




	(5)

	
Design of the technological process of the functioning of the goods promotion scheme includes: (a) determining the parameters of the warehouse subsystem; (b) determining the parameters of goods suppliers; (c) determining the parameters of the system of sales of goods and services (shops); (d) determining the parameters of the transport subsystem.




	(6)

	
Calculation of efficiency indicators includes estimation of the profit-related distribution scenario of goods and costs related to shopping activity, as well as the calculation of mathematical and logical models that reflect the system of connections between goals, alternative means of achieving them, and the external environment.




	(7)

	
Estimation of the generalized distribution utility index. Generalized utility index of distribution scenario estimation for each possible option. Calculation of the criterion for choosing the best option that allows to compare the goals and benefits of the consumer-driven logistics.




	(8)

	
Selection of the option with highest generalized utility index of distribution scenario to assess maximum possible options among all possible. A holistic optimization of all the parts of the consumer-driven logistics is made.




	(9)

	
Estimation of sustainable distribution scenario in consumer-driven logistics in the current situation.









The modern goal of transport systems and its participants is to maximize their profits, minimize costs, more efficiently use the resources, etc. [76]. This approach does not reflect the interests of all participants in the process of supplying freight. Its effectiveness should be determined considering end-consumers. This makes it possible to assess the integrated efficiency of distribution with the participation of end-consumers (Figure 3).



To evaluate their operation, it is proposed to use the generalized distribution utility index to find a balance between distribution channel profit and social losses. The development of indicators of the system’s effectiveness will make it possible to find a balance between them. If the distribution channel can control the losses of its customers, it will control the sales and the freight flows and reduce the spending of leisure time on shopping. Different size and ratio of costs could affect consumer’s behavior: choice of product, distribution channel, and more [77].



The complexity of the generalized distribution utility in the consumer-driven logistics concept lies in the fact that it must combine two areas of activity: the demand put forward by the end-consumer and the supply put forward by the manufacturer. They depend on the profit of distribution of goods and the total costs of the end-consumers for the purchase of goods on respective scenario of distribution:


   E  v m k   C Π   =  Д  v m k   C Π   −  C  v m k   C Π   −  Θ  v m k   C Π   → max  



(1)




where    Д  v m k   C Π    —income on supplying scenario of goods, UAH;    C  v m k   C Π    —expenses on supplying scenario of goods, UAH;    Θ  v m k   C Π    —non-monetary costs related to shopping activity in current distribution scenario of goods, UAH; v—supply scenario participant; m—type of goods; k—distribution scenario of goods.



The revenue components are determined by selected distribution scenarios. The amount of system revenue is not constant and is determined by demand. The willingness of end-consumers to pay a price for goods creates a corresponding demand. Reducing the cost of goods for the end-consumer increases demand, and vice versa: the increase reduces demand [78]. If we accept the condition that the production capacity meets the existing demand for 100%, the maximum possible revenues of the distribution scenario will be determined as the product of sales volume at the price formed by demand. The most important thing under these conditions is to maximize income by inventing a rational price for goods. The change in demand is caused by the final cost of goods for end users and is realized through the redistribution of demand between different retailers in the service area. An integral approach makes it possible to distribute the flow of goods by supply systems (Figure 4).



Expenses of buyers for purchase of the m-th goods form incomes from realization under the distribution scenario, which are defined by the formula:


   Д  v m k   C Π   =  Θ  1 _ z ω j    =   ∑  i = 1  M   (   Q ′   v m k   ⋅  Z     j m k       )  



(2)




where    Z     j m k      —cost of the m-th goods according to the k-th distribution scenario at the j-th retailer, UAH/kg;    Q  v m k     —freight flow of the v-th participant at k-th distribution scenario of the m-th goods consignment, ton/year.



The volume of sales of the retailer’s goods will be determined on the basis of the probability distribution model of the demand in the service area which is given in the work [29]. The model is based on generalized end-consumers’ costs (monetary and non-monetary costs) via the trip-based method. To determine demand and the movements of end-consumers the method of redistribution of demand in the study areas was used [30,63,79]. Volumes of supply to a certain participant of the retail network are formed on the basis of demand parameters of end-consumers. A certain rational sales technology corresponds to a certain volume of sales, the choice of which can be made according to the indicator generalized distribution utility. A change in the carrying capacity of vehicles leads to a change in the restocking value and volume of storage, and as a consequence the cost of placing the order and the cost of storage through the distribution channel. Such a change in the cost of placing an order affects the cost of goods from the retailer and the probability of demand from that retailer. Changing the probability of distribution of the end-user demand leads to a corresponding change in generalized distribution utility in consumer-driven logistics.



By conducting a study of the acquisition costs when purchasing different goods in different logistics systems, researchers compare the consumption costs of different logistics channels [29,80] and determine generalized costs [81], to compare different transportation options. The problem lies in the heterogeneity and ambiguity of the composition of development costs and the difficulty of bringing them to a single measure [82].



The opposite objects of all participants in the supply chain encourage the development of a method and efficiency criterion, which was evaluated by the generalized distribution utility index in consumer-driven logistics. The components of non-monetary costs of end-consumers as a result of acquisition are those that arise from the moment of demand formation for freight to the beginning of its consumption. The value expression of this parameter in the distribution scenario can be defined as follows:


   Θ  v m k   C Π   =  Θ  2 _ z ω j    +  Θ  3 _ z ω j     



(3)




where    Θ  2 _ z ω j     —cost estimate of time spent on purchasing from the j-th retailer by residents of the ω-th district of the z-th service zone, UAH.;    Θ  3 _ z ω j     —cost estimate of the energy costs amount arising from the acquisition of the j-th retailer by residents of the ω-th district of the z-th service zone, UAH.



Monetary expression of the time value due to the development of freight traffic by all end users of the retail network in accordance with [30,63] has the form:


   Θ  2 _ z w j    =   ∑  J = 1  J      ∑  w = 1  W         2 ( 19.6 ⋅ log  δ  z w j    + 1.679 ⋅  R  z w j   + 15.438 ⋅  L  z w j   n o в   ) +     +   0.386 ⋅  S  z j   s h o p         ⋅  C  z ω   h o u r        



(4)




where    δ  z w j     —slope on the road from the w-th district to the j-th retailer in the z-th service area;    R  z w j    —coefficient of nonlinearity of the connection from the w-th district to the j-th retailer in the z-th service area;    L  z w j   n o в    —distance from the w-th district to the j-th retailer in the z-th service area, km;    S  z j   s h o p    —size of the j-th retailer, m2.



The monetary expression of the cost of energy due to the freight traffic development by all end-consumers of the retail network according to [29,30] is as follows:


   Θ  3 _ z w j    =   ∑  J = 1  J      ∑  w = 1  W          2 ( 92   . 388  ⋅ log (  δ  w j    ) + 8  . 863  ⋅  R  w j   + 78  . 092  ⋅  L  w j   n o в   ) +     +   0  . 000232  ⋅   (  S j  s h o p   )  2        ⋅  C  K C a l l   c n        



(5)







In expanded form, the total logistics costs for the distribution of goods can be formalized as follows:


   C  v m k   C Π   =   ∑  k = 1  K      ∑  j = 1  J      ∑  M = 1  V    (  C  v m k   M F   +  C  v m k   o r d   +  C  v m k   T O   +  C  v m k   s t o r   +  C  v m k   s e l l   )  



(6)







   C  v m k   M F    —selling price of goods from the supplier, UAH/t;    C  v m k   o r d    —cost of orders for the k-th scenario of distribution of the m-th goods consignment, UAH;    C  v m k   T O    —transportation costs according to the k-th scenario of distribution m-th goods consignment, UAH;    C  v m k   s t o r    —warehousing costs according to the k-th scenario of distribution m-th goods, UAH;    C  v m k   s e l l    —costs associated with the sale of goods, UAH.



The cost of placing orders is calculated according to the method described in the work [83]. The range of data variation and the results of calculations presented in this paper coincide with ours. The models presented in the work [84] were used to calculate the cost of storage and transportation [85]. Generalized distribution utility in consumer-driven logistics (1), taking into account the above methods, can be represented as follows:


       E  v m k   C Π   =   ∑  k = 1  K      ∑  j = 1  J      ∑  i = 1  M   (   Q ′   m z j   ⋅  Z     j m k       ) −  C  v m k   M F   +  C  v m k   o r d   +      +   ∑  k = 1  K     0.113 ⋅  q  H   v m k   0.339   + 0.067 ⋅  R    v m k   − 0.092     ⋅  L  v m k   T O     +     +   ∑  k = 1  K     0.00105 ⋅  q    H v m k   1.41   + 0.789 ⋅  A    v m k   − 0.026     ⋅  T  v m k   T O     ,      Q  v m k   ⋅ ( 13.165 − 2.131 ln  Q  v m k   ) +     +  S  v m k   ⋅ ( 1.85 + 93.35  S  v m k   1 P M      − 0.839   ) +  C  v m k   s e l l   + {      −   ∑  J = 1  J      ∑  w = 1  W         2 ( 19.63 log  δ  z w j    + 1.679  R  z w j   + 15.438   l ¯   z ω j   ) +     +   0.386 ⋅  S  z j   s h o p         ⋅  C  z ω   h o u r       ⋅  N  z w j   K C   −       −   ∑  J = 1  J      ∑  w = 1  W          2 ( 92   . 388  log (  δ  w j    ) + 8  . 863   R  w j   + 78  . 092    l ¯   z ω j   ) +     +   0  . 000232  ⋅  S j  s h o p     2        ⋅  C  K C a l l   c n       ⋅  N  z w j   K C   → max      



(7)




where    C  v m k   M F    —selling price of goods from the supplier, UAH/t;    R    v m k     —specific fuel consumption of a vehicle according to the k-th distribution scenario, m-th consignment, (l/100 km)/t;    A  h v m k     —number of vehicles of the h-th load capacity according to the k-th distribution scenario, m-th goods, units;    T  v m k   T O    —time of transport service according to the k-th distribution scenario of the m-th consignment, hrs;    L  v m k   T O    —total mileage of the k-th distribution scenario of the m-th consignment, hrs; where    q  H v m k    —nominal load capacity of the vehicle according to the k-th distribution scenario of the m-th consignment, t;    R    v m k     —specific fuel consumption of the vehicle according to the k-th distribution scenario of the m-th consignment, (l/100 km)/t; where    S  v m k    —warehouse area according to the k-th distribution scenario of the m-th consignment, m2.



Modeling the process of generation of freight demand in the service zones is carried out on the example of separate retailers. To determine the service area, the algorithm in [29] was used.. The paper examines a retailer engaged in the sale of food. The market is in free competition




3.2. Simulation Scenario of Supply


The paper examines 16 networks of the city of Kharkiv, which make up more than 90% of the market. The following parameters were selected for the study: number of shops, time on the route when servicing the Republic of Moldova, coefficient of non-straightness of the Republic of Moldova connection, volume of traffic, average distance between checkpoints, turnover, zero mileage, and number of deliveries. The values of the parameters of logistics chains in Kharkiv, Ukraine were collected, and the limits of their measurement were revealed.



A theoretical study of patterns on the change in indicators of supply of goods was carried out. The resulting parameters were considered: the number of vehicles; the freight flow volume of sales of traffic according to the distribution scenario; the average distance traveled by the consumer to the retail network; the cost of freight traffic from members of the retail network; integrated criterion for assessing the effectiveness of logistics management of freight flows. The parameter load capacity of vehicles was selected as a controlled variable. As a result of studying the parameters of the functioning of real schemes for the delivery of freight flows, the ranges of variation of the controlled variables were established. Thus, the carrying capacity of vehicles was considered in the range from 2 to 22 tons.



The increase in the carrying capacity of vehicles leads to a change in the following indicators of the supplying the goods scheme: the volume of consumption of freight traffic; number of tours; total service time of the retail network according to the selected scenario; total mileage according to the selected scenario; number of vehicles (Figure 5).



Analysis of Figure 5 shows that the reduction in the number of tours leads to an increase in the carrying capacity of vehicles, if the transportation takes place according to the technological scheme of promoting the flow of goods.



The change in service time according to the distribution scenario during the year depending on the load capacity of vehicles (for different number of deliveries per year) is shown in Figure 6.



Analysis of Figure 6 shows that an increase in the carrying capacity of a vehicle decreases the maintenance time of the goods distribution scenario. The nature of the dependence of service time on the movement scheme is presented in Figure 6, and is explained by the reduction of zero mileage on the routes with increasing load capacity of vehicles, but at the same time, it leads to an increase in time for loading and unloading, which in turn affects it. The minimum value of this indicator is reached at a loading capacity of 12 tons.



The change in the total mileage of vehicles according to the distribution scenario from the carrying capacity of vehicles is shown in Figure 7.



Analysis of Figure 7 indicates that increasing the load capacity of the vehicle reduces the total mileage of the traffic flow scheme, by reducing the zero mileage. Varying the values of control parameters in the middle of the supply system allows to influence the price of goods in the retail network, which causes changes in demand and the transformation of the end-consumers matrix of movements.




3.3. Regularities of Change in the Value Expression of the Consumption of End-Consumers When Consuming Goods


An important aspect of logistics management is the determination of the rational carrying capacity of vehicles, which would maximize the selected performance indicator. The results of the influence on the change in the carrying capacity of vehicles on the volume of sales of goods in the retail network and their costs are shown in Figure 8, and the change in the distance traveled by the consumer to the retail network and the volume of freight traffic according to the distribution scenario from the carrying capacity of vehicles is shown in Figure 9.



From the graphs (Figure 8 and Figure 9) we see that the growth of vehicle capacity leads to a change in the following indicators of the distribution scenario: sales volume; average distance covered by end-consumers to the retail network Such a change in indicators is interdependent. Initially, the increase in load capacity from 2 to 12 tons affects the increase of these indicators, and with further growth there is a slight decrease. The connection between the indicators can be explained by the following circumstances. Increasing the carrying capacity of vehicles to a certain level helps to reduce the costs of the transport operator serving the retailer. Transportation costs are considered as a component of the cost of goods to the participant of the retail network. In turn, the decrease in the cost of goods leads to an increase in demand and an increase in the number of consumers visiting the retailer. As a result, the consumption of freight traffic increases (Figure 8). From Figure 9 we see that such changes have a corresponding impact on the average distance traveled by consumers when walking to the retail network participants and the value of their total costs.



The behavior of end-consumers generates the value of their costs due to shopping activity. Thus, it can be claimed that changing the scenario—capacity of vehicles—provides regulation of the value of public expenditures in the process (Figure 10).



Analysis of Figure 10 proves that the increase in the carrying capacity of vehicles initially causes a decrease in the cost of 1 kcal of the end-consumer, the cost of the «consumer basket» for the end-consumer and the total energy consumed. The lowest value of these parameters is achieved by choosing a rational brand of vehicle in the case of a load capacity of 12 tons. Further increase in load capacity leads to an increase in the final cost of freight for the end-consumer and increase the value of energy consumption due to the implementation of freight traffic.



The cost expression of the amount of time consumed due to the activity of acquisition in relation to the load capacity of vehicles is shown in Figure 11.



Analysis of Figure 11 indicates that an increase in the carrying capacity of vehicles initially entails an increase in the time consumed due to the acquisition process, achieved by choosing a rational vehicle brand with a carrying capacity of 12 tons. With a further increase in carrying capacity, there is a decrease in the time spent by the end-consumers for the acquisition process and a decrease in its value in the system.



The change in the value of the total costs of end-consumers depending on the load capacity of vehicles is shown in Figure 12.



Analysis of Figure 12 proves that the first stage of increase in the vehicles’ capacity initially causes a decrease in the value of the amount of energy consumed by a person due to the process of purchasing goods. In addition, the minimum value of this indicator is achieved for a certain load vehicle capacity. In the case of a further increase in load capacity, the value of the amount of energy consumed due to the acquisition process will increase. The most rational scenario that provides the minimum value of the total costs of end-consumers is the technology that uses the vehicles with a capacity of 12 tons.




3.4. Patterns of Changing the Parameters of the Supply of Freight Flows in Urban Transport Systems


The final decision on the choice of vehicle capacity is made on the basis of the analysis of changes in the generalized distribution utility index of the sustainable supplying goods scenario (Figure 13). Rational is the load capacity that provides the maximum value of this criterion.



The nature of the dependence presented in Figure 13 shows that increasing the load capacity of vehicles initially leads to an increase in integrated efficiency. Its maximum value is achieved by choosing a rational brand of vehicle with a load capacity of 12 tons. Further increase in load capacity reduces the integrated efficiency of the distribution scenario. Given the parameters of the distribution, it is advisable to use vehicles with a capacity of 12 tons. Thus, we can conclude that there is such an optimal capacity of the vehicle, which provides maximum generalized distribution utility index, profit and selling goods via supplying scheme (H1).





4. Discussion and Conclusions


The concept of sustainable management is a system of views on the rationalization of economic activity by minimizing the impact on the environment. Over the last decade, extensive experience has been gained in improving the general principles and mechanisms of enterprises using logistics. At the same time, existing approaches do not consider the expenses of the end-consumers in the assessment of the sustainable distribution scenario in consumer-driven logistics. It is expedient to design sustainable logistics systems or to increase their efficiency of activity taking into consideration all possible factors of external and internal influence. The study of the generalized distribution utility index in consumer-driven logistics is based on understanding the basic idea of the holistic approach. Its novelty is to change stakeholders’ own priorities in favor of strengthening consumer-driven links for sustainable scenarios of urban supply systems. Marketing and logistics are closely interrelated. Thus, logistics is demand-oriented, and demand depends on end-consumers. The specificity of individual factors of demand can be determined only in stable conditions of the external and internal environment of the enterprise and consumers, which is an ideal case and does not correspond to reality. The degree of variation in the composition, quantity and strength of the factors depends on the changes that occur in the economic and social environment. Demand factors have an effect if the appropriate conditions are created for them. The more significant the changes in the environment, the larger and more radical they are (economic, social reforms), the sharper the dynamics of demand are, the stronger the effect of a large number of basic demand factors is, and the more active are the factors associated with the properties of the consumer operations.



In connection with the ongoing shifts in the structure of the population, it is important to consider the level of economic activity, employment and unemployment, which affect the nature of purchases, the opening hours of trade facilities, their location, transport accessibility, and other factors. Of great importance is the grouping of households by the number of members employed in social production, which, in combination with data on the size of the household, makes it possible to find an important indicator—the coefficient of the economic burden on a working family member (household), which also makes it possible to address the issues of targeting the services offered, maximizing the use of limited resources of households, taking into consideration objective criteria that make it possible to choose between various alternatives.



It is obvious that such a wide variety of households and significant differences in their way of life, traditions, birth rates, and living standards in different regions requires a differentiated approach to the implementation of various programs in the logistics system by market participants based on complex and comprehensive characteristics.



The development of electric vehicles today is at a high pace. The main factors in this development are electric motors with high efficiency, which are environmentally friendly in operation, as well as high-capacity batteries. Due to these factors, modern technology allows to introduce into the field of land transport electric trucks, which in its indicators are dominated by cars with internal combustion engines. Coverage of the current state and trends in the development of electric trucks is important to sustainable distribution in consumer-driven logistics.



The study of urban distribution technologies made it possible to identify the sequence and approaches to managing the technological stages of their distribution. Stages of sustainable distribution in consumer-driven logistics were developed and presented in this paper. The main directions of improving the efficiency of freight flow distribution were identified, but, at the same time, it was found that scientific provisions solve the problems of certain aspects of logistics, but do not fully take into account one of the most important aspects of logistics—the consumer.



The analysis revealed that end-consumers have monetary and non-monetary costs. The role of the last is not clearly investigated in generating probability of demand. The previously proposed method of estimating the total costs of the buyer [29] allowed to measure both monetary and non-monetary expenses during shopping activity. The presented calculations using the developed algorithm for the first time allowed to determine the monetary expression of energy and time costs of end-consumers during shopping activity from the parameters of the sustainable supply scenario. The presented consumer-driven logistics approach solving the problems of the sustainable distribution scenario allows to ensure the minimum value of end-consumers expenses and maximize the generalized distribution utility index. Its value can change depending on the technical and technological indicators of the processes when moving on different scenarios of freight flow and distribution of end-consumer demand. It is established that Increasing the carrying capacity of vehicles in the distribution scenario leads to increasing in the generalized distribution utility index in consumer-driven logistics. The optimal its value achieved by choosing a rational load capacity of the vehicle in scenario.
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Figure 1. System Consumer driven-logistics for «Manufacturer»—«End consumers»—«Environment» system [33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74]. 
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Figure 2. Stages of sustainable distribution in consumer-driven logistics. 
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Figure 3. Distribution of goods in consumer-driven logistics: [image: Energies 15 00872 i001]—retailer;  [image: Energies 15 00872 i002]—material flow; [image: Energies 15 00872 i003]—end-consumers flow;  [image: Energies 15 00872 i004]—goods flow;    Q  v m k    —quantity of m-th freight flow в material flow v-th participant k-th supplying scenario of goods, t;    P  z ω j     —probability of demand for goods of the j-th retailer by residents of the ω-th district of the z-th service zone; KC—end-consumers;     Q ′   z ω j    —volume of goods at the link «member of the retail network—household», t. 
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Figure 4. The probability of supply system choice a by end-consumers in the service zone [63]. 
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Figure 5. Change in the number of tours depending on the carrying capacity of vehicles. 
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Figure 6. Change of service time according to the distribution scenario during the year depending on the load capacity of vehicles. 
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Figure 7. Change in the total mileage of vehicles according to the distribution scenario depending on its load capacity. 
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Figure 8. Patterns of sales volume and its final prize for end-consumer depending on the load capacity of vehicles:  [image: Energies 15 00872 i005]—freight flow according to the scenario of goods distribution, thousand 12 tons;  [image: Energies 15 00872 i006]—cost of freight flow, UAH/kg;  [image: Energies 15 00872 i007]—expedient load capacity of vehicles, t. 






Figure 8. Patterns of sales volume and its final prize for end-consumer depending on the load capacity of vehicles:  [image: Energies 15 00872 i005]—freight flow according to the scenario of goods distribution, thousand 12 tons;  [image: Energies 15 00872 i006]—cost of freight flow, UAH/kg;  [image: Energies 15 00872 i007]—expedient load capacity of vehicles, t.



[image: Energies 15 00872 g008]







[image: Energies 15 00872 g009 550] 





Figure 9. Patterns of changing the distance covered by the consumer to the retailer and the volume of sales according to the distribution scheme on the load capacity of vehicles:  [image: Energies 15 00872 i008]—sales volume under the distribution scenario, thousand tons;  [image: Energies 15 00872 i009]—average distance covered by end-consumers to the retail network, km;  [image: Energies 15 00872 i010]—expedient load capacity of vehicles, ton. 
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Figure 10. Changes in the cost expression of the amount of energy consumed due to the activity of acquisition in relation to the vehicle capacity:  [image: Energies 15 00872 i011]—freight flow according to the distribution scheme, thousand tons;  [image: Energies 15 00872 i012]—cost expression of the amount of energy consumed due to the activity of acquisition, UAH. 
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Figure 11. Changes in the value of time consumed due to the purchase in relation to the vehicles’ capacity:  [image: Energies 15 00872 i013]—volume of goods under the distribution scenario, t;  [image: Energies 15 00872 i014]—cost expression of time consumed due to the activity of acquisition, UAH. 
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Figure 12. Changing the value of the total costs of end-consumers depending on the load capacity of vehicles. 
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Figure 13. Change of the generalized distribution utility index, profit and selling goods depending on the carrying capacity of vehicles:  [image: Energies 15 00872 i015]—the generalized distribution utility index in consumer-driven logistics scenario, UAH;  [image: Energies 15 00872 i016]—selling volume via supply scenario, thousand ton.;  [image: Energies 15 00872 i017]—profit of supplying scenario, UAH. 
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