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Various industries increasingly adopt sustainable and eco-friendly technologies to distribute finiShedigoods in today's
globalized world. In Miskolc, electromobility and logistics play a crucial role in ensuring the“efficient'supply of these
products. This study introduces a novel optimization model for sustainable urban parcel délivery that integrates
electromobility and green logistics. The model applies a genetic algorithm to optimizéiresource allocation and delivery
routes, offering control over electric vehicle usage and responsiveness to varyingjcustomer demands and cost
constraints for the infrastructural characteristics of a disadvantaged Miskolc région. dsing#his method, the research
demonstrates improved sustainability, cost-effectiveness, and flexibility in urbaniagistics—particularly in response to
the challenges posed by the rise of e-commerce. The findings contribute to the adwancement of eco-friendly and
efficient distribution systems.
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HIGHLIGHTS

— Integrated EV-based model achieves significant urban@eliveryy cost reductions via spatial clustering and cost
analysis.

— Holistic framework unifies vehicle choice, route planning, ‘@ahd clustering for sustainable urban parcel
distribution.

— The model demonstrates practical relevancedn Miskolc, where EV infrastructure is still developing.

— Promotes sustainable urban logistics by cambining operational cost control with ecological responsibility, in
line with EU goals.

1 Introduction

The diversity of supply chain processes in logistiegyrequires modern methods and strategies, especially in the fields
of electromobility and parcel distributiondTheserapproaches not only address current challenges but also help define
future logistics concepts.

There are many different challenges in logisticSjwhich are managed according to the 7R rule. This principle states
that customer orders must be fulfilledywith the right product, in the right quantity, of the right quality, at the right place,
at the right time, at the right cost, andifer the right customer. Third-party logistics (3PL) and fourth-party logistics
(4PL) providers cover the entire supply network, including the key areas of procurement, inventory management,
manufacturing, distribution, and reverse processes [1].

Logistics'aspectin manufacturing and serving supply systems

Stock Manufacturing Distribution Inverse
management processes

Procurement

Figl. Interpreting a logistics aspect in manufacturing and serving systems

As Fig.4. shows, the supply chain can be interpreted as a system of multiple market participants in which individual
supply conditions) have a significant impact on companies' manufacturing and service processes. Logistics has
undergene significant changes over recent decades, driven by the implementation of new global transport
technologies [2]¢

In today's market, various sectors of manufacturing and service industries are developing more efficient and
environmentally responsible solutions for the distribution of finished products. Electromobility and logistics play a
crucial role in the supply of these products in cities like Miskolc. The growth of e-commerce has introduced new
objectives for designing urban delivery solutions for logistics and delivery companies.

The identified research challenges underscore the necessity of comprehensively understanding and advancing last-
mile delivery processes within modern urban logistics systems, in response to the rapidly evolving demands of
contemporary supply chains.
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Due to the large amount of research on the related topics, the most relevant literature must be summarized to better
understand the operation of these delivery systems before elaborating on model and optimization solution concepts.
The complexity of supply chain systems is related to a hyperconnected global supply chain network, which requires
up-to-date methods and smart solutions to define the optimal system parameters for the efficient operation of the
processes.

The second objective of this paper is to develop a general operational cost-based model for eléetremobility and
finished product delivery. This paper is organized as follows: Section 2 presents a literatUre review, which
summarizes the research results related to electromobility and logistics in the delivery of finished goods aind their
supply chain operation. Section 3 describes the general modelling of electromobility and logistics in parcel distribution
between different districts (clusters) of Miskolc city, focusing on the operational cost of delivery. Section 4 presents
a case study on the applicability of the model. Conclusions and future research directions are discusSediin Section 5.

1.1 Literature review

Electromobility and logistics have emerged as a key research focus on sustainable urban delivery systems. In recent
years, numerous scientific studies have explored the integration of electric vehiclgs (EVs) into last-mile logistics, with
an emphasis on improving efficiency, reducing emissions, and enhancing costzeffectiveness. These systems require
smart and up-to-date methods to understand how the Electric Vehicle (EW), golutions integrate into delivery
processes, especially infrastructural characteristics of a disadvantaged Miskolc regien.

The systematic literature review is based on SLR-PDSA-based testing psetocol, which*helps to increase the visibility
and quality of the literature review, identify problem gaps, and eliminate irrelevant and inappropriate research efforts [3,4].

Research conducted in European countries highlights the potential of electromehbility to transform delivery systems
by lowering operational costs and supporting environmentally sdstainable solutions. Several studies analyze the
design, manufacturing, and operational integration of electric véhiclespwhich form the technological foundation for
urban logistics systems [5,6]. These findings contribute to a“bettér understanding of EV applications and their
environmental impact [7,8,9].

In addition, it is important to explore battery cycle life [10], increase battery capacity to meet performance
requirements, and continuously improve operating copditions in order to reduce capacity degradation and losses
[11]. These aspects are directly linked to the economi€ and technical feasibility of EV-based delivery operations. As
charging infrastructure plays a decisive role in gystem viability, recent research proposes strategic planning
frameworks for optimal charger placement alongpdelivery goutes [12,13,14,15], including the use of location
optimization models to support logistics decision-making,[16)¢

Additionally, behavioral analyses have been addressed to‘@Xamine social vehicle parameters, including the numbers
of vehicles in households, the types of vehiclesgio describe the traffic behavior patterns and usage trends for future
transport design approaches [17].

From a methodological standpoint, the“literature provides a robust set of optimization models, heuristics, and
simulation techniques aimed at solving complex logistics problems [4]. Simulation-based techniques have proven
particularly useful in evaluating E\gcharging strategies, thermal behavior, and system-wide performance under real-
world conditions [18]. Thermal simulations forecast the average coolant battery temperature and the battery level
[19]. The quasi-dynamic simulation showg,both the most robust aspects and the weakest bottlenecks of the vehicle-
grid systems [20]. These models inform operational decision-making by identifying bottlenecks and evaluating cost-
related parameters.

Mathematics support to design complex supply chain mathematical models by improving the transparency of
calculations and facilitating deeper gnderstanding and effective problem-solving. These models are applied in multi-
objective optimizatiam, problems torbalance conflicting goals such as cost, time, and energy consumption [21]. The
Electric Vehicle Smart‘@harging Reservation algorithm has been shown to improve battery efficiency and optimize
charging intervals_[22]. Furthermore, genetic algorithms support the implementation of intelligent vehicle-to-grid
(V2G) strategiesiand electricvehicle (EV) charging management, contributing to extended battery life and the overall
stability and health @fjthe system [23].

Fig. 2. provides a summary of the systematic literature review findings, offering a clear overview of the most relevant
keyword§ andisesearch topics. Despite the literature, many research gaps remain. Most of the studies focus on
vehiclg technology, battery management, or charging infrastructure, with limited attention to integrated, cost-based
transport models/ tailored to disadvantaged urban regions. Furthermore, few studies consider real urban
segmentation (for example, district-level delivery clusters) in their modelling framework. The available studies also
fail to provide a coherent approach that directly links economic performance to modelling the operational costs of
urban-level delivery systems.

From a policy perspective, EU directives have focused on reducing CO2 emissions through different strategic
concepts and sustainability guidelines, e.g. for Japan, the target is set for 2030, and for the United States, up to 2050
[24]. This is essential for enabling the adoption of EVs in standard operating environments, especially in low-density
urban regions [25].
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These relevant articles were published within the last five years. This finding highlights the scientific potential of
electromobility and logistics in finished product delivery systems and their developments. Most of the studies and
articles address decision-making support for urban delivery logistics processes [26].

THE ROLE OF ELECTROMOBILITY AND LOGISTICS

[1] Funcional logistics area [10], [11] Battery cycle life analyzes and upgrade

[2] Transport technologies [12],[13], [14] EV charging stations

[3]. [4] Systematic Literature Review [15] Standarization of the green urban transport
[5].[6], [7]. [8] Electrical Vehicle development [16], [17], [26], [27] Decision-making

[9] Environment benefits [24], [25] EU standard policies

Summary of the Systematic Literature Review -

Development of Electromobility and Logistics in finished product distri n
METHODS
[18] Simulation techniques [21] Mathematical mo
[19] Thermal simulation [22] Electric Vehicle Smaf@harging Reservation algorithm
[20] Quasi-Dynamic simulation [23] Genetigalgorithm

In summary, while previous research provides valuable insights j
infrastructure, there is limited focus on integrated, cost-orient
urban areas. Few studies address spatial clustering or link opera | costs directly to delivery system design.

This paper aims to address these gaps by proposing a generalized opetational cost-based model for electromobility-
integrated parcel distribution, focusing on urban areas such as Miskolc. The model includes delivery clustering and
applies a genetic algorithm to optimize delivery efficieACy and vehicle utilization under region-specific constraints.

0 EW,technologies, battery systems, and charging
eliyery logistics models tailored to disadvantaged

2 Materials and methods
2.1 Modelling of electromobility and logistics in istribution

The general protocol for traditional parcel h
key stages:

— Request: Receive the delivery

ing processes in urban logistics can be structured into the following

efore the delivery provider picks up the package.

—  Pick-up load tour: Status update fo ing up the package that is en route to the Logistic center.

— Logistics center: Receivin arcel and processing it at the local operations center.

— Miskolc Operations Centre: | delivery center that assigns packages to the corresponding delivery

uctured according to service clusters, which correspond to the administrative
Fig. 3. represent, these clusters are the followings: Avas, Belvaros, Berekalja,
Diosgy6r, Dél-Kilian, Egyetemvaros, Gorombdly, Hejécsaba, Kilian-dél, Kilidn-észak,
Ica, Pereces, Selyemrét, Szirma, Szondi telep, Tetemvar, Ujdiésgyér, Vargahegy, and

Bulgarféld, Csabai k
Martin-Kertvar i

egration within the city-wide distribution framework.

2pt involves a delivery operations center that is connected to all participants within the delivery
petwork. This center is responsible for fulfilling end-user demand by utilizing requested attributes and
allocated resources, while leveraging the benefits of electric vehicles (EVS).

The problem is addressed by the delivery provider, where the requested finished products are delivered through a
specified operations center, as a distribution hub. This approach is based on the principle of just-in-sequence supply
design methods.

The underlying demand includes the following assumptions: identifying the best vehicle routes to meet customer
demand using electric vehicles (EVs), achieving lower operating costs, especially in urban environments, through
policies to support emission reductions, and announcing possible government funding incentives for EVs.
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Fig. 3. Hierarchy model of the Miskolc package delivery processes

—  Supply Chain Material Flow Costs
o Package delivery supply costs
= Specific vehicle cost

= Specific costs of eac
e In nce
e HR
e Unexpected fares (parking, entry passes)
cific costs of the vehicle infrastructure facilities
ling stations for traditional vehicles
installation,
operation,
waiting time
0 (gas prices.
e Charging stations for electric vehicles
0 installation,
O operation,
0 waiting time,
0 electricity prices.
o Miskolc Operations Center costs:
e Handling service costs,

o O O

e Standard smart solutions costs,
e Cross-transporting costs,

e Vehicle route planning costs,

e Customer data processes.
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— Natural usage costs [27]
0 Emission rates costs,
o0 The network cost of electricity for the delivery courier,
0 Specific cost of unscheduled natural resources for delivery courier.
The natural usage costs are defined as the natural resources used:

CNUC = CE 4N+ Vs @

where:
-~ CEis the specific cost of emission rates,
— CNis the network cost of electricity for the delivery courier,
CYS is the specific cost of unscheduled natural resources for delivery courier.
The costs of all delivery services are defined as the operation center’s supply.

COC — CVEH+ CLIN +CINF+ CHAN + CCTP+ CVRP + (2)

specific costs:

where:
CVEH is the cost of vehicles, based on the different types of vehigles,
CMN is the cost of driver line,
CNF is the cost of related vehicle infrastructure facilities,
CHAN js the cost of handling services,
CCTP is the cost of cross-transportation, including intern
CVRP is the specific cost of vehicle route planning,

external logistics at each service tier,

CRM s the specific cost of customer relationship management,
CAPD js the specific cost of clusters, the nearg$t clusters are considered in the delivery selection process.

c=y _ 3, cVCx N Y, % xn - min. (3)
where:

Xnm IS @n assignment matrix of
- n=l..jand m=1..i,
— There is a direct supply ¢

oint (DP) and associated cluster in each delivery sequences,

ction between each tier.
2.2 Numerical analysis

This section presents the general model for final product delivery processes. The model incorporates elements of
the objective function thatyenhances the efficiency of supply chain operations. It was implemented using Microsoft
Excel with custom-develo acros, allowing for automated data handling and operational cost calculations. To
solve the complex vehicle ro roblem associated with parcel distribution across urban clusters, a genetic
algorithm (GA) was

The proposed framewo
the customer

1. Available delivery routes for each cluster from the operation center

Desgir;ilgon GPS x GPSy Route [km] TR Cost [€] EV Cost [€]
DP1 48.099405 20.775629 5.6 1.568 1.12
DP2 48.101381 20.715821 8.0 2.24 1.6
C20 DP3 48.099970 20.731582 6.4 1.792 1.28
C6 DP50 48.097954 20.689436 10.8 3.024 2.16

The scenario compares delivery service processes using traditional and electric vehicles (EVs) in Miskolc. Table 1.
represents the parameters of the available cluster addresses. The total costs are calculated for EV and traditional

5
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delivery for 50 destinations. The total delivery cost using traditional vehicles is 152.63 €. The total delivery cost of
EVs is 99.56 €, representing a 40% cost reduction in the supply chain solution.

The results of existing Miskolc delivery networks identify the potential synergies of innovative delivery solutions. The
use of electromobility and logistics solutions in finished goods delivery systems allows networks to optimize decisions
for the financial and environmental benefits of supply chains, while reducing unnecessary flows in deliyery operations.
The study evaluates a supply chain model that optimizes delivery efficiency.
To further support the results, an extended sensitivity analysis was carried out using the built-
Solver Sensitivity Report. The analysis examined the impact of cost parameter changes related to electri
(EV) operations, ranging from —20% to +20% in 5% increments.

Table 2. Sensitivity analysis of EV delivery cost changes

EV Cost Factor [%] Adjust EV Cost [€] TR Cost [€] Cost Reduction ifference [%0]
80 79.65 152.63 47.81 72.98
85 84.63 152.63 68.00
90 89.60 152.63 63.03
95 94.58 152.63 58.05
100 99.56 152.63 53.07
105 104.54 152.63 50 48.09
110 109.52 152.63 28.24 43.11
115 114.49 152.63 24.97 38.14
120 119.47 152.63 21.71 33.16

The results are summarized in Table 2. These show t
a cost reduction of over 21% compared to traditional
€33.16 and €72.98, depending on the EV cost lev

t even in the highest-cost scenario, the model still achieves
. In absolute terms, this corresponds to a saving between

120 114.49 119.47
100 ]
8463
79.65

80 72.98 62
e 63.03 5005
5 60
=]
£

3814
40 33.16
20
0
85 a5 100 106
EV Cost Factor [%]
= Adjust EV Cost [€] Cost Difference [%]

ig. 4. Impact of EV cost changes on total delivery saving

Fig. 4. represents th
with increasing EV cost

ect of EV cost changes on the overall delivery cost savings. The diagram shows that even

for optim poth economic performance and environmental impact. The proposed supply chain model leverages
innovative vehicle technologies to reduce unnecessary flows, improve delivery efficiency, and support sustainable
logistics practices.

Compared to previous research, which often isolates vehicle efficiency or environmental outcomes, this study
presents a more holistic approach by integrating vehicle type selection, spatial clustering, and cost-based modeling
into a unified optimization framework. This approach aligns with the growing trend in logistics toward multi-criteria
decision-making and data-driven operational design.

Earlier studies have addressed various aspects of electromobility. Research on EV design and operational integration
can be found in [5-6], while environmental impacts and vehicle application studies are covered in [7-9]. Battery
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performance and degradation are discussed in [10-11], and recent efforts to optimize charging infrastructure and
location planning are presented in [12—15]. For instance, [9] reports approximately 25% operational cost savings
through EV-based route optimization. In contrast, our integrated approach achieves between 34% and 48% cost
reduction under varying EV cost scenarios, illustrating the added value of combining spatial clustering with cost
sensitivity analysis. However, these studies often overlook integrated, cost-based delivery modelsghat reflect the
realities of urban logistics.

For instance, [9] reports approximately 25% operational cost savings through EV-based route optimization. In
contrast, our integrated approach achieves between 34% and 48% cost reduction under varying EV cost seénarios,
illustrating the added value of combining spatial clustering with cost sensitivity analysis.

This paper addresses that gap by directly linking vehicle allocation and delivery clustering to_operational cost
optimization. The proposed solution offers a more comprehensive framework, particularly relevant fondisadvantaged
urban regions such as Miskolc.

There are several advantages and limitations associated with the study:
Advantages:

— Integrated modeling of electric vehicles (EVs) and urban delivery clusters tailored.to real-world settings in
Miskolc.

— Operational cost-based optimization that takes into account infrastructure and route dynamics.

— Inclusion of environmental performance indicators, supporting EUpsustainability goals.

— Adaptable framework suitable for cities with varying levels of EV infrasttucture maturity.
Limitations:

— The model assumes fixed infrastructure for charging and does#ot fully consider real-time network variability,
such as traffic congestion or dynamic charging station availability.

— In practice, charging station availability, waiting times, and le¢al traffic conditions can fluctuate dynamically,
which may affect route optimization and operational costs.

— Energy consumption modeling is simplified andrdoes not account for factors such as route elevation, vehicle
load variability, or thermal behavior.

— The optimization process focuses on predefined clusters and does not yet support adaptive cluster
reconfiguration based on demand fluctuations;

4 Conclusions

Overall, electric vehicles (EVS) prove to be more cast-effective in urban deliveries that prioritize emission reduction,
urban delivery efficiency, and the utilizatien of ‘government incentives. However, the analysis also indicates that
conventional vehicles remain a viable optiondm, scenarios where EV infrastructure is insufficient or initial setup costs
are prohibitively high. These findings highlightithe need for context-specific vehicle selection strategies in urban
logistics planning:
— Delivery carriers fulfil the customerrequests in delivery processes by managing economic and environmental
impacts.

— Optimized scheduling of package delivery results in more competitive and economical delivery for urban city
distribution.
— Important indicators are‘selected for optimization methods to determine the most efficient delivery approach.

Nevertheless, more attention and research are required to address the design aspects of complex logistics systems
in electromobility by utilizing, different algorithms to solve NP-hard delivery problems.

The proposed “medel shows practical value for Miskolc city, where urban delivery systems operate under
infrastructure constraints and growing environmental demands. By aligning delivery route allocation, spatial
clustering, and cost-based decision-making, the study supports efficient and sustainable logistics planning in regional
urban setfingsyThese results provide a useful foundation for adapting electromobility strategies to regional cities with
limitedfEV infrasStkucture.
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