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Michal Husinec (Czech Republic), Wadim Strielkowski (United States, Czech Republic),
Tomas Vacek (Czech Republic), Martin Vondracek (Czech Republic)

OPTIMIZING ELECTRIC VEHICLES
CHARGING FOR ENHANCING
ENVIRONMENTAL SUSTAINABILITY
AND REDUCING CARBON
EMISSIONS OF FREIGHT TRANSPORT:
CASE OF CZECH REPUBLIC

Abstract

The limited infrastructure of charging stations, which is crucial in route planning and
total journey time and creates uncertainty in efficiency and operating costs, calls for
new economic and statistical methods in sustainability development and environ-
mental economics. This paper aims to examine the challenges of integrating electric
vehicles into freight transport to improve distribution logistics’ environmental sustain-
ability, which represents one of the pathways for reducing environmental risk.

The analysis results underscore the inadequacy of the truck charging station network
in the Czech Republic. This insufficiency presents an opportunity to enhance environ-
mental sustainability and reduce carbon emissions through strategic analysis and op-
timizing charging station locations. The difficulty of identifying optimal locations for
these stations, given truck availability, requires using multi-criteria decision-making
techniques such as the Analytical Network Process (ANP).

Municipalities with limited access to existing logistics facilities were considered dur-
ing the simulation. This way, 15 new locations were identified for municipalities with
insufficient distance to a charging station.

By implementing the ANP method, the study contributes to a more environmentally
sustainable transportation infrastructure, highlighting the potential for significant
reductions in carbon emissions through improved charging station networks. These
results apply to other countries and can provide novel insights on optimizing charging
station locations for sustainable economic development and reducing freight trans-
port’s carbon emissions and environmental risks.

Keywords electric vehicles, environmental risks, location model,
infrastructure planning, freight transport, sustainable
development, Czech Republic

JEL Classification C61, Q50, Q55, R41

INTRODUCTION

Recently, electric mobility and the deployment of electric freight trans-
port have become one of the key priorities of transforming transport
solutions on the path to sustainable economic development and reduc-
ing environmental hazards. One of the main objectives of distribution
logistics is to deliver goods at the required time and to the required
quality while maximizing vehicle utilization and reducing the negative
impact on the environment by reducing CO, emissions (Rajkoomar et
al., 2022; Li & Zhou, 2021). With the development of alternative pow-
ertrains for passenger vehicles, especially in the field of electric power,
it is possible to consider applications in freight transport, specifically
for distribution logistics and urban logistics (Kozlovskyi et al., 2019;
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Strielkowski et al., 2019; Pan et al., 2021). In view of the potential for expansion, a freight distribution
network methodology in which vehicles use alternative fuel sources can be considered. Traffic restric-
tions and low-emission zones are limiting factors for vehicles using conventional fuels.

In electric vehicle (EV) usage, a multi-level distribution model that combines multiple optimization
options can be used. As a result, the main problems to be addressed can be identified (Cattaruzza et
al., 2017). Urban areas aim to reduce harmful emissions and noise caused by traditional vehicles run-
ning on fossil fuels (Ajjaz & Ahmad, 2022; Simionescu et al., 2022). But at the same time, reducing the
road throughput, which will negatively affect the battery capacity, should be considered. Therefore, de-
livery times considering possible road constraints also need to be considered (Mancini, 2017). These
constraints lead logistics companies to consider whether alternative fuel or fuel-cell electric vehicles
can be used efficiently. The main prerequisite to increase efficiency is not only the ideal vehicle route
but also customer behavior, which can influence the order mix and increase the efficiency of the vehicle

(Husinec et al., 2020).

1. LITERATURE REVIEW

Selecting the right locations for electric truck
charging stations can help to permanently re-
duce carbon emissions and promote the use
of renewable energy generation (Phadke et al,
2019; Fan et al., 2023; Zhu et al., 2023; Rapson
& Muehlegger, 2023). For example, locating the
charging station close to a large logistics facility
can both minimize the distance traveled to the
charging station (reducing energy consumption)
and could use the roof area for the installation
of solar panels, thus increasing the use of renew-
able energy and reducing the environmental im-
pact (Ali & Naushad, 2022; Barman et al., 2023).
An optimized network of charging points can
also be beneficial in terms of social sustainabil-
ity. One aspect one should consider is the over-
all health of the community. By moving freight
out of urban areas, one can ultimately see an
improvement in air quality, a reduction in noise,
and an overall improvement in the quality of life
(Minet et al., 2020; Kinsella et al., 2023). The area
of potential use of the vehicles is limited by in-
sufficient or completely missing infrastructure of
truck charging stations and by the time needed
to charge the batteries. The main reason for the
introduction of electromobiles is their minimal
environmental impact (Behnke & Kirschstein,
2017). A study on the use of the energy net-
work shows the vehicles’ benefits in charging at
night when electric vehicles are mainly charged
(Montoya et al., 2017). Night charging helps bal-
ance voltage in the energy network by consum-
ing surplus production.

http://dx.doi.org/10.21511/ee.15(1).2024.02

Along with the development of electric vehicles,
people should develop a smart energy network
that will provide energy for these vehicles in the
future (Huang et al., 2016). Improving the efficien-
cy of a vehicle is related to increasing the efficiency
of the network; thereby, it is possible to achieve a
significant reduction in energy consumption and
carbon emissions from energy production. The
main limiting conditions can include the elec-
tric vehicle range (on a single charge). For vehi-
cles with a total weight of over 18 t, manufactur-
ers state a range of about 200 km (Daimler Truck,
2018). In general, the network of charging stations
for trucks is insufficient. Therefore, there is scope
for systemic analysis of the charging station defi-
nition and optimization of the locations of these
charging stations. Suppose one considers distri-
bution logistics from a strategic purchasing per-
spective, i.e., a model that is highly efficient while
minimizing costs. In that case, one must also con-
sider maximizing the efficiency concerning possi-
ble changes in the system by switching to another
form of alternative freight transport powertrains.
Gargasas et al. (2018) point to the highly custom-
er-oriented nature of logistic services in distribu-
tion logistics, where service providers implement
solutions that are demanded by clients and with
a view to sustainable development with minimal
environmental impact, thus maintaining positive
relationships with their suppliers and customers
(Lodiené & Kolegija, 2012).

Modern green logistics trends develop and imple-

ment several environmental measures to mini-
mize impacts and ensure sustainable production
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where logistics plays an important role (Karaman
et al., 2020). The advantage of green logistics is
the possibility of combining distribution logistics
with modern urban transport systems, and in this
context, green logistics is seen as an option for re-
ducing environmental impacts while respecting
the needs of modern distribution (Kurbatova et al.,,
2020). Many issues must be addressed when im-
plementing green logistics, but ultimately, when
resolved, this can bring cost reductions and, there-
fore, better efficiency of distribution logistics and
increase the quality of services provided to end-
users and consumers. In addition, green logis-
tics contributes to logistics companies by reduc-
ing material purchase costs, energy costs, waste
treatment, and disposal fees to eliminate environ-
mental damage (Sidek et al., 2021). The concept
of green logistics can be described as a system of
measures designed according to human needs and
interests; it emphasizes the strategic direction of
implementing sustainable development, consider-
ing environmental, economic, social, and humani-
tarian aspects (Gnann et al., 2018). In parallel with
the development of green logistics, there is a need
to build transport infrastructure supported by in-
telligent transport systems that will ensure safer,
better coordinated, and more efficient use of the
transport network for different users (Peciukénas
et al., 2017). When implementing the objectives
of the green logistics concept, the economic, so-
cial, and environmental aspects of the overall so-
lution need to be considered. Distribution logis-
tics transitioning to green logistics must adopt
the basic principles of lean manufacturing (Lean,
Kaizen, etc.) (Schonberger, 1982), i.e., minimiz-
ing inefficiency. The transition to green logistics
will require building an infrastructure for charg-
ing points for trucks, ensuring enough qualified
specialists, and, last but not least, implementing
advanced information systems with decision-
making support. Green logistics is often referred
to as sustainable and environmentally friendly lo-
gistics, which is why implementing green logistics
is a lengthy and complex process that must respect
the social, economic, and environmental aspects
of modern society. A major impact on the imple-
mentation of green logistics will be in road freight
transport, which is an important area for securing
the region’s overall economy and regarding the
already built road infrastructure. Strong support
from national governments can be expected to re-
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duce the impact of existing logistics and distribu-
tion and introduce green logistics principles main-
ly for the distribution of goods in the range of up
to 200 km. Therefore, the introduction of environ-
mental logistics measures in logistics companies
is critical to reduce the negative environmental
impact of distribution logistics. Therefore, the sci-
entific problem should be formulated as questions
concerning the conditions and measures leading
to the transition to green logistics. The results of
this work should provide a possible solution to
the transition to green logistics in short-distance
distribution.

The theoretical aspects of final delivery in com-
bination with green logistics have been ad-
dressed by many researchers who were compar-
ing the conditions of green logistics in final de-
livery and reverse logistics, which have similar
theoretical aspects (Lingaitis & Bazaras, 2007).
When analyzing green logistics, despite the the-
oretical aspects, many researchers point out the
fundamental operational differences between
green logistics and reverse logistics, the latter
being more focused on the take-back system at
final delivery and waste management or end-of-
life products. Green logistics operations focus
on organizing the entire logistics supply chain
to achieve environmentally friendly solutions,
using appropriate resources such as packaging,
alternative fuel, or other energy sources, and or-
ganizing activities to avoid or reduce empty kilo-
meters. It can even be assumed that this concept
is important in modern business development
and emphasizes social and environmental issues
instead of commercial profit (Bajdor et al., 2021).
These sources emphasize that green logistics, as
a sustainable development concept, is impor-
tant in addressing the region’s environmental,
economic, and social problems. The economic
aspect of the green logistics concept will be the
correct pricing and ensuring the quality and
competitiveness of a given company. The envi-
ronmental aspect will focus on using renewable
energy sources, saving fossil fuels, and minimiz-
ing emissions associated with distribution logis-
tics. Ultimately, the social aspect will be to in-
crease the social prestige of logistics companies
for their lasting contribution to reducing their
negative impact on the environment. Therefore,
it is necessary not only to implement the solu-
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tions mentioned above but also to simultane-
ously increase the social responsibility and com-
petence of the employees of the companies con-
cerned (Vienazindiené et al., 2021).

With the increasing influence of legal regulations
and the problems of constraints on the flow of traf-
fic, new innovative technological measures need
to be applied for strategic management decisions
that will lead to increased efficiency of distribu-
tion logistics and increased public reputation of
companies in the environmental area (Macharis
& Kin, 2017). Distribution logistics is a significant
contributor to emissions and greenhouse gases.
Based on this, the European Environment Agency
(2018), together with the European Commission
(2019), reported that transport in the European
Union (EU) accounts for almost 30% of all carbon
dioxide (CO2) emissions, with road transport ac-
counting for 22% of these emissions with 72% of
total transport. Heavy goods transport with 26%
and light goods transport with 12% of road trans-
port therefore account for around 25% of total
transport emissions, which means that they are
responsible for around 8% of total CO2 emissions
within the EU.

Road transport is responsible for about a quarter
of European greenhouse gas emissions. Heavy
goods vehicles and buses account for 27% of GHG
emissions from road transport (Eurostat, 2020).
European Union’s (EU) legislation requires CO2
emissions from newly registered heavy goods ve-
hicles to be reduced by 30% by 2030 compared
to current levels (EU). Analyses show this is only
possible with zero-emission vehicles, i.e., electric
or hydrogen-powered trucks (Breed et al., 2021).
Current research shows that the lack of charging
infrastructure is necessary to expand battery elec-
tric trucks (Nykvist & Olsson, 2021).

This paper focuses on finding solutions for opti-
mizing the location of charging stations for elec-
tric vehicles in freight transport using the example
of the Czech Republic. In order to do so, it em-
ploys the mathematical models aimed to enhance
resource utilization, mitigate environmental and
economic impacts associated with the construc-
tion of the new charging stations, as well as ex-
plore viable placements within logistics and man-
ufacturing parks.

http://dx.doi.org/10.21511/ee.15(1).2024.02
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2. METHODOLOGY

The placement models aim to find suitable rela-
tive geographical locations of charging stations.
Placement models have been formulated to sup-
port the decision and are the focus of interest. The
great variety of models that can be found in the
literature leads to the need for them to be classi-
fied (Gros, 2016):

o One distinguishes models for placing one or
more facilities depending on the number of
facilities to be placed.

o Depending on the set of available locations,
one distinguishes cases with an unlimited set
(the facility can be placed anywhere in the ar-
ea) or a discrete set where a selection must be
made from a predefined group of locations.

o One further distinguishes models according
to whether the number of facilities to be placed
needs to be determined or is predetermined.

o One also distinguishes models according to
their location on a plane or in space.

In the placement of logistics facilities (production
plants, warehouses, transshipment facilities, etc.),
one of the criteria is the cost aspect, i.e., the cost
incurred for the connection between the facilities.
However, in the case of the placement of charging
stations, the main criterion is the requirement for
transport service for an individual location, i.e.,
ensuring the placement of charging stations so
that each point is supplied.

z:Zj:1<|x—xj|+|y—yj|)—>MIN,

where (x, y) are the points between which the
most suitable service center should be located and
w;is the importance of each object.

O

Finding the coordinates of the new object N = (x,
y) is easy if one realizes that the nature of the for-
mulated problem implies that the objective func-
tion can be divided into two parts

n
Z—ijle |x—xj|+

+minz::1wj |y—yj| — MIN.

)
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If the new object cannot be placed in the found
point, one needs to find suitable, different loca-
tions, and at the same time, one will have to allow
the growth of the purpose function:

Z= ZZIZ::I Wy ((xi _xj)2 +( _'xj))z +
> (=) + (3= x,)7) > MIN,

©)

The study derives the distance function and sets
the partial derivatives equal to zero. It obtains a
system of linear equations, the solution of which
gives the coordinates of the points N_i = (x_i, y_i)
fori=1,2,3, .. m.

Mayer’s method can be described as an approxi-
mate method of constructing round trips with
capacity constraints. This solution method suits
roundabout problems with a complete path net-
work and a central location. The solution is done
in two steps:

o In the first step, the locations are divided into
individual circuitous routes. First, the loca-
tion with the highest route rate is assigned to
the central location. To the already selected
locations, another location is assigned so that
the capacity of the circuit is not exceeded and
that this location is the closest to the already
assigned locations, i.e., the route rate to an al-
ready selected location must be the smallest
possible. Additional places are added in the
same way until the capacity of the circuit is
exceeded;

o The second step ranks the places in each route.
In order to find the most suitable circuits,
methods for solving the one-circuit problem
can be used.

3. RESULTS

Generally, it becomes obvious that the network of
truck charging stations is insufficient. Therefore,
there is scope for systemic analysis of the charg-
ing station definition and for optimization of the
locations of these charging stations. The quantity
of charging station criteria highlights the com-
plexity of the issue ensuing from the possible
charging station sites for which multi-criteria de-
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cision-making methods can be used when choos-
ing a compromise solution. The multi-criteria
decision-making issue of a charging station defi-
nition may, for example, be based on the analy-
sis using the Analytic Network Process (ANP)
method.

In terms of definition, the study could include
charging stations for electric trucks in the cate-
gory of logistics facilities, with the possibility to
use a facility placement algorithm on a plane with
constraint conditions for charging stations. The
location issue depends on the multi-level logistic
network’s complexity (indirect relationship: sup-
pliers — intermediate points — receivers). The anal-
ysis represents the multi-criteria decision-making
issue of a charging station definition using the se-
lected ANP method (Table 1).

Legislative restrictions and governmental limita-
tions on vehicles with conventional powertrains
open the way for the possible use of vehicles with
alternative powertrains, particularly the support
of electric trucks. Partly, knowledge of the ex-
panding electric mobility in passenger cars can be
used, but this is impossible in charging stations.
While urban infrastructure, shopping malls, en-
tertainment centers, etc., can be used for passen-
ger cars, it is not possible to use them for trucks,
given the throughput limitations in city centers.
Therefore, charging stations need to be placed re-
garding truck accessibility. The study, therefore,
considers an area burdened with a certain degree
of uncertainty, especially regarding the location of
charging stations and the overall vehicle utiliza-
tion. Given some uncertainty, it is possible to use
system analysis methods to address the given is-
sue: the ideal locations for charging stations and
how they should be equipped.

The model parameters are set as follows. To find
the appropriate locations for charging stations, it is
necessary to define model parameters that should
reflect the criteria included in the ANP model. If
one considers the first four criteria by their weight:

o Charging capability - i.e., the ability to charge
using multiple charging adapters (plugs).

o Distance from the substation - to minimize
losses due to the distribution network.

http://dx.doi.org/10.21511/ee.15(1).2024.02
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Table 1. Overview of the evaluation attributes and criteria for the charging station definition

Evaluation
. Criteria Description Measurable
Attributes P
. : Costs associated with the purchase of land, project
Construction costs H . p ; proJ ) EUR
i documentation, construction of the charging station
Costs, including all operating charges related to daily
Economic Operating costs operation. Operating costs are important in terms of EUR
factors i financial gain
. Relevant in terms of cost and operating income assessment.
Return on investment . S .
(ROI) The most crucial economic criterion in the commercial EUR
sphere
Distance from the ocation near the distribution station affects loss of power Km
Technical distribution station ransmission
factors ¢ Impact on the ener
P gy elevant for the safe operation of the energy network MWh
network
i aximum number of charging stations in a single moment.
) i Rechargeable Capability : This sub-criterion is related to the number of vehicles that Number of charging stations
Selrvpg : i can be charged
QVIIADITTTY e

of transportation)

Capacity expansion

Local position

Social factors

Support from local
government

i Availability (Convenience  Criterion important from the point of view of the available
i road network by a lorry

¢ Number of accessible roads

ecessary requirement in terms of further increases of
i freight electric vehicles

Volume of newly built
;harging stations

i Relevant requirement of impact on the potential health
roblems of the population (electromagnetic fields, traffic

Number of issues released
for construction

his attribute may include possible grant titles for
i construction (National Action Plan for Clean Mobility)

for construction

; Increasing employment ;

Number of newly created
jobs

Cafbon foo’;print co

Possibility of creating an autonomous station independent

i of the energy network or creating a hybrid model that

Envi tal | E ing (stabilit , MWh
nvllronmen @ : nergy saving (stability) ould respond to excess energy in the network and thus
impacts : )
‘‘‘‘‘‘‘ . ompensate for fluctuations B
Impact on the energy mmediate demand for performance (charging) can MWh
.............................. network estabilize the energy Network
: Relevant from the point of view of logistics chain : ) .
- : ) . ) ) i Number of available logistic
Logistic parks : engagement accepting places with a high concentration of arks
i vehicles used for products (goods) transportation P
location - R R 1ot . . —
( e?)cara Eic Number of production
glocitiopn) Logistic objects plants and parking areas

with logistic services

Parking places

ransport terminals (ports, railway stations) places with a
i high concentration of freight traffic

Number of parking places

« Expansion of capacity - possibility to add ad-
ditional charging stations to the site in the
tuture.

o Logistics parks - i.e., placement in existing or
newly emerging logistics parks.

It would, therefore, be appropriate to place charg-
ing stations in logistics parks that are able to mini-
mize the impacts of construction, as they meet all
three of the further criteria. At the same time, in-
dividual transport companies need to have charg-
ing capacity on their premises. Since the main
charging cycle should take place during night

http://dx.doi.org/10.21511/ee.15(1).2024.02

hours as a possibility to balance energy surpluses,
and considering the driver’s working hours, this is
the best way of charging. The proposed network of
charging stations should serve as a supplement to
the necessary fuel cell recharging along the route.

The initial calculation will, therefore, consider the
placement of charging stations in existing locations.
To determine whether these locations can be used
to supply individual sites in the Czech Republic, it is
first necessary to determine the distance of the sites
and to identify those with limited vehicle availabil-
ity with respect to the range distance. At the same
time, it is necessary to meet the condition that the

21
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vehicle always returns to the starting node, so one
has to consider only half the distance of the total
vehicle range. Three possible scenarios were consid-
ered to simulate the conditions that may occur on
the route. The manufacturer gives a vehicle range of
200 km. The capacity margin was set at 10%:

1) Maximum range of 180 km - ideal weather
and traffic conditions.

2) Average range of 156 km - deteriorated condi-
tions on the road.

3) Minimum range of 132 km - deteriorated cli-
matic and traffic conditions.

The proposed model is to work with the worst-case
scenario, i.e., a maximum range of 132 km. Thus,
the individual model parameters and constrain-
ing conditions are:

1) Charging stations within a maximum range
of 66 km from each municipality (city).

2) Maximum use of existing logistics parks and
facilities.

3) Placement of new charging station locations is
as follows:

o Placement according to the proximity of the
construction plan of the Road and Motorway

Directorate (RMD);

o placement within the existing capacity park-
ing areas for freight transport;

o placement in industrial facilities;
o placement in the existing petrol stations;
o placement in municipalities (towns).

3.1. Minimization of greenfield
locations

The model input data can be presented in the fol-
lowing way:

o municipalities in the Czech Republic (6254
municipalities, towns, and boroughs);

22

o districts in the Czech Republic (76 districts
and 15 districts of Prague);

o logistic and storage parks (294);

o construction plan of the RMD for the Czech
Republic.

The following formulas are used to calculate the

coordinates:
n
. Z‘j:l (xij )
X=—"""" )

X

n
y= Z Jj=1 (y i ) .

Vi
In the first step, it was necessary to identify the
municipalities with limited accessibility based on
distances. The range distance to the nearest logis-
tics park location was determined to be more than
66 km. 165 municipalities with limited accessibil-
ity to a potential charging station were identified.
The mileage used is attached and may be affected
based on the actual route passability (the distance
was queried using a web service query, and if there
was a detour on the route due to reconstruction,
the total distance may be affected by this restric-
tion). Subsequently, the ideal location was found
based on the requirements as follows:

Latitude 4)

Longitude (5)

« Suppose the distance between municipalities
in each district was greater than 66 km, and
the condition of more than 10 municipalities
was also met. In that case, only these munici-
palities will be included in the calculation of
the new location.

« Suppose the distance between municipalities
in each district was greater than 66 km and,
simultaneously, the condition of more than 10
municipalities was not met. In that case, all
municipalities will be included in the calcula-
tion of the new location.

o If the distance between the municipalities is
less than 66 km, all municipalities will be in-
cluded in the calculation.

o Suppose the number of municipalities is less

than 10 in a single district. In that case, that
district will be assigned to an adjacent district

http://dx.doi.org/10.21511/ee.15(1).2024.02



in the same region or an adjacent district in an
adjacent region if the other municipalities are
in an adjacent one.

If the resulting location is more than 66 km
from the individual municipalities, that dis-
trict will be divided into two sub-districts.

The placement of charging stations prior to the
subsequent optimization according to the model
parameters consisted, in the first step, in the place-
ment of a charging station in the center of the mu-
nicipalities and so that the placement met the pa-
rameters thus minimizing greenfield construction.
This way, 15 new locations were identified for mu-
nicipalities with insufficient distance to the charg-
ing station.

As seen from the overview map (Figure Al in
Appendix A), it is evident that some districts could
still be merged, thus minimizing the number of
charging stations. For further sub-minimization,
the following districts were identified:

1) Distr. Klatovy + distr. Prachatice;
2) Distr. Nachod + distr. Trutnov;
3) Distr. Jesenik + distr. Sumperk +
distr. Usti nad Orlici;
4) Distr. Jindfichtiv Hradec + distr. Trebi¢ +

distr. Znojmo.

For these merged districts, the same calculation
was applied, i.e., the determination of individual
distances between the municipalities and the cal-

Environmental Economics, Volume 15, Issue 1, 2024

culated location was examined in terms of the pa-
rameters of the model and relocated. Subsequently,
the distances were recalculated to determine
whether the new location was within 66 km of the
individual municipality.

The study merges the distr. Klatovy + distr.
Prachatice (Figure A2 in Appendix A). In the
original design, two charging sites were created for
each district before minimization, but by merg-
ing and recalculating distances, only one site was
proposed.

After the minimization number of charging points
and merging of districts, only eight new charg-
ing points were subsequently created that met all
model parameters (see Table 2).

If one includes all logistics parks and newly lo-
cated charging stations for municipalities with
limited accessibility in the construction plan,
this will create 304 charging locations for elec-
tric trucks. In terms of control, the study needs
to recalculate the distances of the municipali-
ties to ensure that the newly created locations
are within the required distance of 66 km from
each municipality. The visualization of charg-
ing station locations for communities with lim-
ited accessibility after minimization can be
found in Figure A2 in Appendix A.

3.2. Minimization model for finding
charging points
The model assumes that all existing logistics park

locations will be used for the placement of charg-
ing stations. This may lead to a degree of uncer-

Table 2. Geographical placement of charging stations after minimizing the districts of the Czech Republic

District Region

Latitude Longitude

Bruntal

Frydek-Mistek Moravskoslezsky

Jesen

JindfichGv Hradec

Prachatice Jihocesky kraj
Pribram Stredocesky kraj
Trutnov Kralovéhradecky kraj

Zdar nad Sazavou Vysocina

Moravskoslezsky kraj

kraj

Jihocesky kraj

50.15900728 17.57425855

49.66998865 18.43487619

1181065
48.99649707 15.34908357
49.05447693 13.79816438

49.66692198 14.42349719

50.52522383 15.81181065

49.50952098 16.09027715

http://dx.doi.org/10.21511/ee.15(1).2024.02
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tainty as to whether the site owners will accept
the construction. Furthermore, there are condi-
tions to minimize the location of charging sta-
tions. Suppose the individual depots from where
vehicles will depart to their distribution routes are
equipped with charging stations. In that case, it is
possible to build only minimal charging stations
that will only be used by the vehicle to charge the
batteries needed to reach the original depot. To
minimize the charging stations, the application
area of the country was divided into districts, and
the individual locations were assessed in terms of
the same model parameters plus one new condi-
tion - the creation of a station in each district.

The calculation is now based not on distances be-
tween municipalities in a given district but on find-
ing an ideal center, which will then be reviewed
in terms of parameters. Each municipality will be
checked according to its distance to the charging
station to ensure the maximum distance for each
municipality of 66 km to the charging station.

Figure A3 in Appendix A shows the location of the
charging stations:

e Nine times at the locations where the RMD
carries out its construction (blue points);

o 50 times at locations of the existing logistics
parks (green points);

o Seventeen times at new locations (purple
points).

Newly developed locations include industrial parks,
existing petrol stations, and TIR (International
Truck Transport) car parks. The new locations
would have to cover the maximum capacity for
charging, and their size and adjacent infrastruc-
ture would have to be spatially more significant.

3.3. Evaluation of charging station
location models

Both models respect the model parameters and
constraining conditions, but model 2 appears
more acceptable in minimization (minimiza-
tion model for finding charging stations). Thus,
there is a possibility for creating two charging
networks: the primary network, which includes
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the 76 locations found, and a secondary network
consisting of the remaining locations from the
first model.

Just as the area of utilization of electric vehicles
suffers from a degree of uncertainty, in the area
of charging stations, this uncertainty is repre-
sented by a certain reluctance to build in the lo-
cations found.

To ensure that the newly proposed location of
the charging stations meets the specified pa-
rameters and is also suitable for trucks, it is
necessary to test the solution on real data. To
test on real data, only charging station loca-
tions in districts were applied, i.e., a solution
with 76 charging station locations. The traffic
roundabout model method was chosen, using
the procedure from Mayer’s method and taking
the conditions from the Clarke-Wright method.
In the first step, the calculation was carried out
without the use of charging points, i.e., as for
conventionally driven vehicles. In the second
step, charging points were added to the mod-
el, and the procedure for calculating the steps
using the Mayer method was modified so that
in the first step, the first delivery is based on
weight (the conventional method calculates on
distance). In the second step, the standard pro-
cedure is already applied, i.e., the next location
is found by the shortest distance from the first
delivery address. In addition, the next location
option has been added so that if the vehicle ca-
pacity is exceeded when using the shortest dis-
tance from the first address, this address can
be skipped, and the next address is now located
within 30 km of the last delivery (the distance
is based on the 66 km driving distance to the
charging station divided by two and taking into
account a capacity reserve of 10%). This proce-
dure has been chosen to maximize vehicle use
while minimizing the number of kilometers and
vehicles used.

When applied to real data, the model demon-
strated its applicability to distribution transport
and confirmed the accuracy of the charging sta-
tion location model. However, the overall eval-
uation showed that the charging station mod-
el resulted in a 3% increase in the time spent
away from the origin node due to the time spent

http://dx.doi.org/10.21511/ee.15(1).2024.02
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Source: EPA (n.d.).

© Total | Number ‘! Total Km/ Time/ i €02 production
Model evaluation  distance: of vehicles: . default default : Consumption : per total distance
i Km used i status status : (g8)
The Qefault distribution 478 4 15 hours n(ot : n‘ot ' 19,44/100 km 249,501
LSOO : ;A9 minutes . applicable : applicable
A weight-based model, i
complete with a Sklpplll’]g 463 4 : 16hours : 97% 103% 88 kWh/100 176,422
algorithm complete with km

i 14 minutes |
charging stations i i

Note: The CO, ratio was calculated on open source from EPA (the United States Environmental Protection Agency).

charging the vehicle at the charging station in
Domazlice. At the same time, however, there
was a 3% reduction in the total distance traveled
due to the omission of locations that exceeded
the vehicle’s capacity (see Table 3).

4. DISCUSSION

The study’s approach to optimizing the geographi-
cal locations of electric truck charging stations is
pivotal for enhancing environmental sustainabil-
ity and reducing carbon emissions. This objective
aligns with the broader goals of green logistics.
The methodological shift in the current study to-
ward a multi-criteria decision-making process,
specifically using the Analytic Network Process
(ANP), indicates an evolution from the traditional
methods focused mainly on minimizing costs and
maximizing efficiency in distribution logistics.

Earlier research often emphasized node-based,
path-based, and tour-based models for de-
termining the placement of charging stations
(Dascioglu et al., 2019; Honma & Kuby, 2019;
Metais et al., 2022).

Node-based models are p-median models with
charging stations located at nodes such that
the requirement of neighboring nodes could be
met with a minimum distance traveled (Deb et
al., 2018). Thus, this approach can also be used
to place charging points for electric vehicles. A
charging station covers a certain area or part of
the road in node-based models. Therefore, a rela-
tively dense charging network with many charg-
ing points is usually modeled. Charging stations
can be located at regular distances, and their size
can depend on the traffic intensity for neighboring

http://dx.doi.org/10.21511/ee.15(1).2024.02

nodes (Speth et al., 2022). Thus, the focus may not
be on minimizing charging points but on sizing
them. For that model, the traffic volume at each
node is always required (Speth et al., 2022).

In contrast, path-based models rely on the traffic
flows within the network and address the coverage
of the maximum passing traffic with a minimum
of stations. The flow-capturing location alloca-
tion model is the first subset of path-based models
(Hodgson, 1990). In 2013, a charging station model
was presented for Barcelona, where only 27 charg-
ing stations were placed, which would meet the
demand of 92% of the considered flows (Jochem
et al,, 2019). The general idea of the placement, to
supply the maximum of the previously known or-
igin-destination paths with a fixed number of sta-
tions, remains the same (Kuby & Lim, 2005). The
same model can be used for hydrogen-powered
vehicles and thus combine the model with a limi-
tation of charging stations to avoid large unreal-
istic stations (Rose et al., 2020). The disadvantage
of these models is that they are compute-inten-
sive, and therefore, it is necessary to constrain the
modeling in some way, for example, by reducing
the areas for which people seek suitable locations
for charging stations (Jochem et al., 2019). A tour-
based model considers individual driving profiles
and locates charging stations to match the driving
profiles. While the level of detail increases from
node-based and path-based to tour-based models,
the input data requirements also increase (Speth et
al., 2022). For node-based approaches, data from
local traffic counts are sufficient. Tour-based mod-
els require origin-destination relationships (Speth
etal., 2022). GPS data, which are more tour-based,
and data from individual trips and distances can
be used to accurately model truck infrastructure
(Whitehead et al., 2022). The hydrogen refueling
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station infrastructure for trucks in Germany has
been modeled using a tour-based model (Jochem
etal., 2019). The analysis was based on 2655 routes.
The result was a model of 100 hydrogen refueling
stations serving 13000 km of motorways. Since
the EU is currently discussing a Europe-wide net-
work of truck refueling stations, it is crucial to un-
derstand what such a network could look like in
the next few years.

These models generally prioritized logistical effi-
ciency and cost-effectiveness. In contrast, the cur-
rent study integrates a more holistic approach that
considers logistical efficiency and environmental
and social factors. The methodology used in the
paper is more aligned with the modern principles
of green logistics, a comprehensive system de-
signed to address environmental, economic, social,
and humanitarian aspects.

The results of this paper demonstrate the inadequa-
cy of the current network of charging stations for
electric trucks, highlighting the need for an opti-
mized network that can adequately support elec-
tric freight transport and enhance environmental
sustainability while simultaneously reducing car-

bon emissions, which is crucial for reducing en-
vironmental risks and optimizing the sustainable
economic development. This finding is consistent
with previous research (Liu et al., 2023; Alanazi et
al., 2023) that pointed to the lack of charging in-
frastructure as a critical barrier to the expansion
of electric trucks. However, the current study ad-
vances the discourse by proposing a multi-criteria
decision-making framework for placing charging
stations, considering the complex logistics network
of suppliers, intermediate points, and receivers.

Moreover, it also needs to be emphasized that
the optimal location for charging stations is not
merely an exercise in logistical efficiency but in-
volves a multi-criteria evaluation, considering
factors such as cost, environmental impact, and
the existing infrastructure. This approach marks
a significant departure from earlier models that
predominantly focused on logistical parameters.
The results of this paper emphasize that placing
charging stations within the existing infrastruc-
ture or planned motorway networks in the Czech
Republic reflects a pragmatic approach to inte-
grating environmental sustainability within exist-
ing economic structures.

CONCLUSION

The study aims to optimize the placement of electric vehicle charging stations to enhance environmen-
tal sustainability and reduce carbon emissions in freight transport. It focuses on integrating charging
infrastructure into existing logistics networks, facilitating a more efficient and environmentally friendly
freight transport system. This optimization task involves a multi-criteria approach, considering logisti-
cal efficiency and environmental impact.

The results reveal that the ideal location for charging stations is within existing infrastructure, such as
logistics parks or rest areas, or close to logistics and transport companies. In cases where the optimal
location falls outside these areas, the study suggests analyzing the costs and efficiency of constructing
new charging stations and their capacity to service the anticipated number of vehicles.

The main conclusions drawn from these results emphasize the significance of strategically locating
charging stations to support sustainable freight transport development. Placing charging stations
within existing infrastructure or near preselected locations minimizes the need for constructing new
facilities, offering a financially viable solution. This approach aligns with the goals of sustainable eco-
nomic development and environmental risk mitigation. Moreover, the study’s findings have broad-
er implications, extending beyond the Czech Republic. As the electrification of transport increases,
these insights become increasingly valuable for stakeholders in policymaking, infrastructure plan-
ning, and environmental protection. The study demonstrates that careful selection and placement of
charging stations are crucial for achieving sustainable freight transport and environmental sustain-
ability on a larger scale.
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APPENDIX A

k“r Legend:

Red points — unavailable places (cities)
Yellow points — calculated charging station
Black points — final location of charging
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Figure A2. Visualization of charging station
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Figure A3. New location of charging stations for Czech districts
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