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Abstract: The paper will investigate the impact of the véhicarrying capacity to which the local tax is apglon
forming the cost of delivery. The cost of 1 torfreight under different tax scenarios is estimatethe paper: without
tax 0, with fixed tax — 10% and with progressive teom 0 to 75%. The greatest effect on reducirggubhicle's load
capacity during urban deliveries showed a progvedsix. The developed regression model allows hiténg the cost
of transportation of 1 ton of goods depending antdthnological parameters of transport operatidrescosts of the
transport (logistics) operators to perform theseragons, and local tax regulations for transpbie application of the
model makes it possible to regulate the use ofcleshiof a given capacity by the local administratim contrast to the
strict prohibition on the establishment of traffigns, the use of a progressive tax by the localimidtration makes it
possible to regulate traffic structure by econométhods. Exploring of influence local tax regulasmn transportation
will lead to the sustainability of the cities inder to provide GREEN technologies.

1 Introduction cost of shipment. Transport policy regulations Ugleave

Managing the development of logistics is a vitakta @ direct impact on the cost factor. The complesitguch
for industries and transport focused on the salgooids regulations is related to the variety of stakehaldeho
and for entire retails, and other related industfaused become members of urban freight and their numerous
on the livability of the cities. Researchers agiest the Cconnections and the very object of pricing in symplains.
local policy of transport services is a very impaottstage Such objects are the cost of transport or logist@sices
in freight flows distribution, as it affects thendil cost of from one side and external costs of society far tyye of
goods, transport and freight flows, transport tiee,, in service from the other side. Depending on the ¢mndi of
the cities [1,2]. Analysis shows expenditures offansport regulations, the cost structure of tlsport
transportation services on the distribution stddinished ~operator and the method of pricing in the freight
products in the world have increased by 12% sihee ttransportation market change, which determines the
beginning of the COVID-19 pandemic and, on averag®¥olume of services provided to them. Exploring the
account for 10% of sales [3]. However, the authmmte influence of city tax regulations on the price antgount of
that distribution costs continue to rise [4]. A¢ #ame time, transport or logistics services becomes a highevtdisk
the influence of traffic flows on the comfort of mement  for theory and practice to achieve well-known cqisef
in cities has increased [5]: the number of privees has Smart and Livability cities. Such regulation leatis
increased, especially commercial vehicles — like/HIn ~ Stimulating greener services to reduce transportaltly
order to reduce the impact of these factors, utbaistics high capacity vehicles and internal combustion e@gi
tools are used. One of the main factors that can Hélisation and towards EV or ect., sustainablenadges in
managing the attractiveness of the last-mile opisothe cities. Local tax regulations for transportatiom ¢z one
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of the authorities' options to manage transporicpand depends on its costs [16]. Analysing the structafe
achieve marked goals. The aim of this paper issess the logistics costs, we can identify ways to improves th

urban freight regulations into Ukraine transpottiqyoand
establish their effects on the transportation tmsGreen
city solutions.

The research includes the next steps:

efficiency of the logistics system, one of whichtie
optimisation of delivery costs depending on thedloa
capacity of the vehicle used [17]: Light commercial
vehicles (LCVs) with grouse vehicle weight (GVW}k$e

- Literature review than 3.5 ton; Intermediate Light commercial vehicle
- Methodology of research; (ILCV) with GVW of 3.5 to 8 ton; Intermediate
- Development of the Urban freight rate modetommercial vehicle (ICV) with GVW of 8 to 10 ton;
including local transport tax; Medium commercial vehicles (MCV) with GVW of 10 to
- Determination of the influence value of urbanl5 ton; Heavy commercial vehicle (HCV) with GVW of
freight rate on delivery value; 16 ton and above etc. The paper will investigagaripact
- Discussion and Conclusions. of the vehicle carrying capacity to which the lotak is
applied on the formation of the cost of delivery.
2

21

Literaturereview _ _
Urban freight efficiency 2.2 Transport policy regulations _

The transport participant is a separate link in the The transportation cost affects the final pricg@éds to
movement of goods in space and time from the platesend-consumers, as well as it is add-value. The obst
origin to its consumption. Promotion of any freidlotv is ~ transportation is often fixed in the urban envireminby
carried out according to the certain technology diifferent operators. ~Constant technology provides
transportation inherent in the given goods. Moderfustainability and resilience of urban freight. Batriations
technologies aim to reduce transportation costszéjo- ©Of technological parameters (for instant, vehicipacity
emission [7], sustainable transport developmentig] At  changes) support changes in costs and urban freitg,
the same time, the existing goals do not aim tdysthe respectively. As the theory and practice of reseatows
connection between transport process technology aHd-20], variation in the carrying capacity of ahige in
consumption [9]. This interaction is due to the ofsteady ~Cities is not a very popular management solutioBurope
demand in urban freight. The change in cost afféms last years. Authors leave it constant due to seveasons

demand and supply of transport in urban freightviSg
the problems of managing the cost of transporticesv
will ensure the sustainable development of the fegtight

for this:
- no other options in the fleet of the logisticergior. As
a rule, the fleet consists of the same brands wpoidal

operator and the sustainable development of thgscit vehicles that work according to a given technoldgys

transport system, which requires the use of nevihoust
and technologies for managing them.

important to note the ease of maintenance of caedbof
vehicles for the transport operator [21,22]. Thereéase in

Among the models that determine the efficiency dprand variations and vehicle carrying capacity initrease

transport services, there are models related to
evaluation of transport services by customers §i@] the
own assessment of transport service carriers Ra¢h
models include a large number of parameters obouest
service quality, in other words, the requirements
transport services consumers to their service.rBaténg
the source information for the calculation of thisdel is
a difficult step because it requires data on thekwad the
carrier, which may not be available. Modern methaxid
models help to facilitate the functioning of traodpin
logistics systems as well as in other industri@s]4]. The
key role of transportation in logistics is explaineot only
by the greater share of transport costs in thé lmgéstics
costs but also by the fact that without transpamtatthe
very existence of material flows is impossible.
Analysing the work of transport operators of shiygpi
goods, it can be noted that one of the main canditifor
ensuring the efficiency of these systems is to nteet
demand at the lowest cost. To do this, optimale®uatre
organised, the necessary brands of vehicles insterin
carrying capacity are selected, transport work
coordinated with loading and unloading posts, EtB).

tHeeir maintenance cost, which is not always rativoen the
point of view of the revenue generated.

- lack of complete information and experience muise
of vehicles of different carrying capacity. The lgem is
gelated to the difficulty of predicting the opecatal
performance of vehicles. Technological changes liysua
affect not only transport but also other particigain the
supply chain: shippers and consignees [23];

- strict restrictions on the weight of the vehialsed in
cities. Prohibition of HLV entry into cities or it separate
areas, historical centres, etc., reduces the pidssibby
varying the carrying capacity of vehicles. Addiabn
restrictions are imposed by «time window» and «gree
vehicles» [24];

- lack of a second chance. Buying a vehicle comitss w
a cost and should be justified enough. An activerass
does not have sufficient funds for experiments arohg
decisions. Therefore, any changes will be consiiérem
many angles for a durable solution [25].

Mostly in CIS countries, scientific schools for the
idevelopment of delivery technology determine thinoeg
vehicle's capacity for each delivery scenario gjidtics

Each logistics system in the process of its opemati System functioning [26-29]. During vehicle selentidt is
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operation indicators, specification, speed andvdsli
times, level of goods storage, the convenience
transportation, regularity of service, the complexof

achieving the goal of functioning of the urban gaort
afystem and logistics operator as an integral syatetmot
its individual components. These aspects cannot be

service and other quality characteristics, the iapatconsidered in isolation but should be based onr thei

location of transport infrastructure, level of cagtifion in
the transport market and other factors should kentanto
account. In this regard, there are some questibosta
determining the rational type of vehicle and delve
scenario [29]: traditional trucks with internal couastion
engines, electric cars, trucks, «passing carssli{earing),
«passing deliveries» (crowdshipping) ), drones.[30]
Transport operations in logistics systems havenaben
of parameters: turnaround time, route length, tuntity,
quntity of depots and recivers, the required quyndt
vehicles, etc. [31]. Management of this indicatmiskes it
possible to increase the efficiency of transpantises and,
as a consequence, the scheme of goods distrib@&n
Transport operator operations associated with

implementation costs due to certain parameters.a In

interconnectedness, and the effectiveness of tbisidas
taken should be assessed in the light of the st all
stakeholders involved in the delivery of the gooils.
study urban freight regulations impact on the tpanstion
cost it is necessary:

1. Set up the data source and system limitations.

2. Build a mathematical model of the transport isei
cost depending on the parameters of time and distzifter
taking into account local tax regulations for tpaarsation
capacity.

3. Establish the impact of changing the value o&lo
tax regulations on the cost of delivery. Considgpnztax-
free), fixed, and progressive local tax regulatidos
itsansportation capacity.

To study the logistics chain functioning boundaés

coherent analysis of the chain, it is proved thHa t the system, number of participants and their icteva
parameters of a single transport operator can lavewas determined. The process of goods delivery om, Ky

significant impact on the end-prize of the goods.

Modeling and simulation techniques are widely used
handle many variations. They allow to transfer thi
necessary properties of real objects to abstratisgs. This
approach ensures the integrity of the system dodisalto
explore all scenarios for a long-term decision.

3 Methodology
3.1 Modd description,
the data

The task of urban logistics can be solved on thsisb
of establishing a rational load capacity, whichvles a
minimum cost of goods delivery. The establishmeft
local tax regulations for transportation capacitgves you
to adjust costs (increase or decrease) dependingadiet
conditions and the need to use vehicles of a cectgacity
in the transport system of the city. It is possifdlebtain
such an effect by applying transport regulationtlie
formation of transport rates.

This approach leads to a set of interrelated fonsti
the implementation of which provides the desirddafin

limitations, collecting

Kharkiv and Mariupol example was analysed. Due to
numerous number of technologies the grocery food fl
was applied for further analysis. The statisticigards
from indystry was obtained and personal obsevatains
logistics (transport) operators were made. Theo¥alhg
delivery attributes that characterise retail neksoand
routes were selected for the study: time on théeratnen
servicing the retail network; the distance travellsy the
vehicle during maintenance. Such parameters atisidec
for the formation of the transportation cost acamydo

2[22,27]. In addition, local tax regulations forriportation

capacity and vehicle carrying capacity were esthblil.

o he collected range of variation of these pararseter
given in Table 1. The number of experiments was
determined from the nomogram of sufficiently large
numbers on the basis of the permissible etrer0.05.
The Pearson's fitting criterion(y?) for confidence
probability P = 0.95 and permissible errer= 0.05. was
estimated.

Table 1 Data variation range

Parameter Units of Minimum  Maximum  Average
measureme value value value
Total time of transportation in retail network hrs 1.55 23.00 6.00
Total distance of transportation in retail netw km 2 225( 25
Load capacity of thvehicle t 2 22 10
Local tax regulations for transportation cape % 0 45 20

3.2 Modd description,
the data

limitations, collecting

indicators of service time and total mileage onriges.
Also, the total cost of transporting goods consists

Analysis of the costs of the transport (logisticsyariable costsq/“*") and fixed costsd“-"*"):

operator indicates their dependence on the tecbivalo
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cP = CL.T O-noem 10 4 CL.T Osm Lo 4 71.%T0 - min (1) balance. Increasing the carrying capacity of vesicl
reduces the delivery cost of 1 ton of goods [38f Tse of

where C7%" _ fixed transportation costs, UAH/hour; Neavy-duty ver:jiclehs has a Igreaterh imfg‘{; @0\?[_ the
C70-% _ variable transportation costs, UAH/; environment and other external costs than

%TO . . The introduction of the tax will stimulate operatcio
T,*"" — local tax regulations for transportation, %;

Lo ) o= : ~ operate vehicles with lower capacity and as a resilll

7{°- total time of transportation in retail networlouns.  development in cities, Figure 1. 3 scenarios ansidered:

Scenario 0 — current situation, tax is not appli&cenario

In addition to the costs of the transport (logistic A — tax is fixed at 10% for all types of vehicl&senario

operator, local tax regulations for transportatiane been B — tax is progressive and consists of 0% for L8 for
added to the model as a component of the city tiogis |LCV, 25% for ICV, 50% for MCV, 75% for HCV.

c
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Figure 1 Scenario of a single ton transportatiorstsoand tax regulation on type of vehicle,
average demand of retailer is 1 ton

From the graphs (Figure 1) we see that the incrieasebe explained by the following circumstances. Insieg
the carrying capacity of vehicles leads to a changbe the load capacity of vehicles to a certain levdp$ig¢o
cost of transportation of 1 ton of goods. Transposts and reduce the costs of the transport operator for reaice
tax regulation are considered as a component ajabds amount of restocking in system. Rational is sucagacity
delivery cost to members of the retail network. ISac that minimises logistics costs per unit of delivafith the
change in indicators is interdependent. Initialhe considered parameters of the distribution schemés i
increase in load capacity from LCV to ILCV affe¢te advisable to use vehicles with a carrying capaity.CV,
reduced cost of delivery, and with further growtare isa Figure 2 and Figure 3.
slight increase. The relationship between the atdis can
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Figure 2 Scenario of a single ton transportatiorstsoand tax regulation on type of vehicle,
average demand of retailer is 3 ton
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Figure 3 Scenario of a single ton transportatiorstsoand tax regulation on type of vehicle,
average demand of retailer is 5 ton

Analysis of Figure 1-3 showed that there is such arder fulfilment when servicing a retail networkking
rational load capacity of the vehicle, which pr@sda into account local tax regulations for transpootati
minimum cost of delivery in accordance with locakt capacity:

regulations. Increasing demand of delivery to 3stan JTO 1014 THT0\?
Figure 2 and up to 5 tons causes an increase iatioeal .o .p _ " o2 +217'71‘< 100 ) @
load capacity to ICV and MCV respectively. L Q

Using the obtained data, the influence of each
considered parameter on the cost of delivery was The regression coefficients were calculated by the
estimated. Using correlation-regression analysisodel method of least squares. The results of model atiafu
was obtained for the change in the average cosinef are given in Table 2, Table 3.
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Table 2 Model evaluation results

Indicatol Value
Students' criterion:

tabular 1.97

estimated for total mileage 2.20809

estimated for the total service time 2.00112

estimated for local tax regulations for transpastatapacit 5.4403¢
Fisher's index:

calculated 3.88

estimate 10¢<.8¢
Correlation coefficier 0.946:
Determination coefficiel 0.895¢
Average approximation error 8.34

The results of statistical evaluation prove that thdegree of correlation is 0.94. The average appratin

obtained model is characterised by a sufficientighh
information capacity, as evidenced by the estimatdde
of Fisher's index 109.89, which exceeds the talRi23.
The estimated Students' criterion is equal to 2{20&he
total mileage, 2.00 for the total service time 45fdr the
rate of return of the transport operator, tabul&71The

error is 8.34%. Therefore, we can conclude that the
obtained model adequately describes the dependétiee
change in the average cost of one order when segwice
distribution network on the total mileage in theppsly
system, total service time, local tax regulatiors f
transportation capacity.

Table 3 95.0 %-confidence intervals for estimatimpel coefficients

Parameter Calculated coefficient Standard err?L)rg\r'\cljeer ggr%eer
Total mileage in the supply syst 3.832¢ 1.7358¢ 0.3741 7.291¢
Total service tim 0.279i 0.1398( 0.0011 0.558:
Local tax regulations for transportation cape 21771 40.017¢ 137.97 297.44

Analysis of the model (2) of the delivery cost,itek
into considering local tax regulations for transaton
capacity showed that with increasing total mileagéegl
service time and the amount of tax increases teeage
cost of one order.

population, level of motorisation, etc.). The catrealues of
taxes applied in the work refer to large citietJ&faine such
as Kharkiv, Dnipro, Odessa, Kyiv, Lviv, Mariupohd article
simulates the volume of retailer demand in thevdsfi
system. The increase in the volume of material fiovhe

Obtained model can be used for estimating TSC fdwgistics chain causes an increase in the raticaaling

Ukrainian cities in order to facilitate reducingrsport

problems and provide necessary sustainable regudati

capacity of vehicles.
The proposed model allows to determine the cost of

The results were obtained was disseminated oniés cittransportation of 1 ton of goods depending on the

which have different size,
parameters. Obtained data define limitations ofyeated

populations and othetechnological parameters of transport operatitmscosts of

the transport (logistics) operator to perform theserations,

method in order to data set was observed and tedlec and local tax regulations for transport. This mdttaikes into
statistics. The results allowed modeling the TSE faconsideration the parameters of the participartteiprocess

logistics (transport) operator for some adjustments
estimating the limits of business (taxation systeype of

goods, distribution zone traffic regulations, greehicle

utilisation and other. This information can be ialidata

for further research and developing more speciftcieh

for each type of scenario.

4 Conclusions

The paper estimates the costs of 1 ton of freigdeu
different tax scenarios: without tax 0, with fixtetk — 10%
and with progressive tax from 0 to 75%. The greafsct
on reducing the carrying capacity of the vehiclerduurban
deliveries showed a progressive tax. The sizeedfthcan be
changed depending on the conditions of applicemity,

of transportation and demand, reflects the relskign
between the parameters of supply systems and local
government. Based on this, it can be argued tleacdst
optimisation of transport operator leads to in@das
efficiency of logistics which support the goal diper to
investigate the impact of vehicle carrying capatotwhich

the local tax is applied on the formation of thestcof
delivery.

The application of the model makes it possiblegulate
the use of vehicles of a given capacity by the lloca
administration. In contrast to the strict ban ore th
establishment of traffic signs, the use of a pregjve tax by
the local administration makes it possible to ragulthe
structure of traffic by economic methods. The toans
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(logistics) operator decides to pay a high taxt@nge the
delivery technology and not pay the local tax. Reuythe
vehicle's load capacity leads to a decrease indhene of
delivery and an increase in the frequency of deégewhich
positively affects the size and value of invenwiié retail
participants — reducing it. The funds received Hwy local
administration as a result of the application afsa tax can
be used to ensure the sustainable developmeraraiptort
infrastructure or to stimulate investment in griegistics, etc.
Effective logistics management occurs when an
optimal balance is established between logistictscand
local tax regulation for the use of different typet
transport. For the consumer, not only the finat@of the

systemsProcedia Engineeringvol. 178, pp. 330-339,
2017.https://doi.org/10.1016/j.proeng.2017.01.059

[7] WATROBSKI, J., MALECKI, K., KIJEWSKA, K.,

IWAN, S., KARCZMARCZYK, A., THOMPSON,
R.G.: Multi-criteria analysis of electric vans foity
logistics,Sustainability Vol. 9, No. 8, pp. 1-34, 2017.
https://doi.org/10.3390/su9081453

[8] MAKAROVA, I, SHUBENKOVA, K., MAVRIN, V.,

BOYKO, A., KATUNIN, A.: Development of
sustainable transport in smart citieg017 IEEE 3
International Forum on Research and Technologies fo
Society and Industry (RTSlpp. 1-6, IEEE, 2017.
https://doi.org/10.1109/RTSI.2017.8065922

product is important, but also the level of seryice[9] RUSSO, F., COMI, A.: Investigating the effeofscity

accessibility and convenience of movement, and frare
the environment. The use of LCV, ILCV reduces eioiss

logistics measures on the economy of the
city, Sustainability Vol. 12, No. 4, pp. 1-11, 2020.

and congestion on the roads and contributes to the https://doi.org/10.3390/su12041439

sustainable development of society.
Thus, we have focused on one basic principle of

creating persistence of delivery in green citiese W

conclude that an effective supply chain delivesrszio is

not based on an «entirely new» skill set. Insteéfdrts to

create more sustainable practices contribute ttireaus

business improvement. The development and finexguni

of urban logistics management is a largely contisuo [11] HALKIN,

process of improvement based on past experienceeamd
research.
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