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Abstract:
The introduction of environmentally friendly technologies is becoming increasingly necessary to combat global warming
and air pollution in cities. The concept of eco-logistics is seen as an effective approach to the management of materials
and related flows in order to reduce environmental and economic damage to the environment. The sustainable development
of green supply chains is based on the use of environmentally friendly types of vehicles, reduction of energy and other
resources consumption, optimization of transport and technological processes in delivery systems. As part of the development of green supply chain, it is proposed to transport goods by freight trams, which eliminates the need for heavy trucks
in the city, improves traffic conditions and reduces the environmental impact of transport. The research was conducted for
the city of Poznan. The distribution system of the city of Poznan operates in conditions of stochastic demand for deliveries
from clients and the risk of lack of sufficient supplies in distribution centers. To take into account the specificity of the
distribution system of cargo delivery in conditions of uncertainty and risk, a simulation model of the organization of the
material flows within the transport system of the city of Poznan has been proposed. The result of simulation is the optimal
assignment of clients to the distribution centers, as well as the value of total mileage with the load, which is a random
variable. It is assumed that the random variable is distributed according to the normal distribution law. The results were
calculated and compared for two variants, i.e. for constant demand and sufficient quantity of cargo in distribution centers,
and for variable demand and uncertainty conditions, e.g. insufficient cargo quantity in distribution centers. The purpose
of the paper is to develop a simulation model for planning supplies of small consignments of goods by trams implementing
green logistics concept with variable demand for transportation. After a short introduction of the problem, the literature
review related to the concept of green logistics and requirements of transport and distribution system are presented in
section 2. In section 3, the research problem and research methodology are described. Section 4 provides the results of
assignment of clients to distribution centers. The paper ends with concluding remarks.
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1. Introduction
Among the main trends in the development of modern logistics, scientists (Husaková, 2014; Johnson et
al., 1999; McKinnon et al., 203; Aktas et al., 2018)
highlight the growing public attention to the problems of environmental impact of transport. Companies pay more attention to the environment (Hurzhiy
and Belikova, 2016), due to such trends as: raising
awareness and self-awareness of consumers, the
growing threat of regional and global environmental
problems (i.e. climate change, pollution, noise), political regulation of environmental issues.
The application of the concept of sustainable development, is a reaction of the world community to existing threats and involves the harmonious coexistence of nature and society, and which requires consideration of environmental and social factors in all
spheres of human life (Andrzejczyk and Rajczakowska, 2020; Epicoco and Falagario, 2022; Beamon,
1999). The new concept of logistics called environmental logistics (green logistics or eco-logistics)
which in the concept of implementing sustainable
development into freight transport is seen as an effective approach to managing material and related
flows to reduce environmental damage to the environment (Ping, 2009; Rakhmangulov et al., 2017).
The main directions that allow to create conditions
for the formation of a green logistics system based
on the sustainable development of the green supply
chain are: the use of environmentally friendly types
of vehicles, reduction of energy consumption, reduction of the use of materials and resources of various
kinds, optimization of transport and technological
processes in delivery systems.
2. Literature review
The concept of green logistics can be defined as organizational activities aimed at addressing environmental issues in supply chains in order to reduce the
impact of negative factors on the environment in the
process of promoting material flows from suppliers
to end users and achieve stable balance between environmental, economic and social objectives of the
logistics system (Ping, 2009; Chukurna et al., 2019;
Korniyko and Valiavskaya, 2019). The global development of the concept of green logistics is facilitated
by four main factors - the company itself, customer
attitude, political and social order (Karpova and
Pilipovich, 2016).

Urban activities, including urban mobility and city
logistics, play an essential role in climate change
mitigation (Tarkowski, 2021). According to this, it
is necessary to introduce a comprehensive policy
and measures for sustainable urban transport, taking
into account research and development. Transport
and logistics operators are considering alternative
ways to deliver goods to urban areas using electric
vehicles, cargo bikes, inland vessels and rail
transport (De Langhe et al., 2019) or are implementing new urban delivery modes i.e. urban consolidation centers that reduce the need for freight vehicles
to deliver goods to urban areas (Savchenko et al.,
2022).
Decision-making process regarding green logistics
is influenced by the level of development of
transport infrastructure, the volume of cargo transported, organizational measures, and a feasibility
study. The EU countries are actively experimenting
with the development of electric modes of transport.
Thus, environmentally friendly water trams with
electric motors were introduced in the port of Copenhagen (Baird Maritime, 2020). In some European countries (for example, Germany, Switzerland,
Austria, the Netherlands, Poland), interest in an environmentally friendly and effective freight tram is
being revived (Behiri et al. 2018; De Langhe et
al.,2019; Pietrzak and Pietrzak, 2021; Pietrzak et al.,
2021). Specialists and scientists pay work on new
approaches when deciding on the development of regional transport systems (Jacyna et al., 2018; Vojtov
et al., 2019; Bosov and Khalipova, 2017). Considering fuel and energy deficit, special attention should
be given to the promotion of resource-saving technologies in the organization of transport and distribution system (Shramenko et al. 2020) and its
branches (Jacyna et al., 2015).
The formation of the transport and distribution system requires comprehensive control over the transportation process using modern communication and
information technologies (Alekseev, 2018; Semenov et al., 2019; Shramenko and Shramenko,
2020). For the purpose of the structure of the distribution network, the simulation model can be developed (Bowersox and Closs, 1996).
To obtain an optimal freight plan, scientists propose
to use a decision support system for rational organization of freight flows in transport networks based
on open transport problems with unbalanced supply
and demand of goods, which offers the user a better
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transportation plan based on the results of four methods (fictitious node method, difference method, coefficient method, simplex method) (Prokudin et al.,
2022). The criterion is the total cost of delivery.
Challenges such as technical development, environmental requirements, competition, market relations
require new standards of organization of transport
services, taking into account the interests of both
providers of transport services (carriers) and their
clients, and society as a whole. It is necessary to
solve logistical problems: to optimize the transport
process, finding internal reserves and reducing overall costs and in the same time to create conditions for
meeting the requirements of clients. Moreover, it is
necessary to consider the interests of society in the
organization of environmentally friendly transportation. And also the specificity of each system that has
its own unique conditions, which reflect the nature
of its functioning.
3. Research problem and methodology
The subject of the research is the process of transportation of small consignments by trams in urban
area with variable demand in conditions of risk.
In the distribution network in cities there are facilities that accumulate freight like distribution centers,
logistics terminals, manufacturers' warehouses,
wholesalers with centralized deliveries of goods.
Then the flow of goods is distributed through the
channels to small recipients of shipments (shops)
that need small batches of cargo. These recipients
(clients) are characterized by variable demand with
unevenness by day of the week. As part of the development of the concept of eco-logistics, it is proposed
to transport goods by freight trams which eliminates
the need for heavy trucks in the city, improves traffic
conditions and reduces the environmental impact of
transport.
The planned deliveries must satisfy the requirements
of both the client in terms of supply and the carrier
in terms of minimum mileage during transport services.
The purpose of the study is to develop a simulation
model for planning supplies of small consignments
of goods by trams implementing green logistics concept with variable demand for transportation. Probability theory and methods of mathematical statistics
were used to assess the technical and operational indicators of freight transportation process. Development of simulation model and software is based on
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the use of geographic information systems, methods
of linear programming and information processing.
The research was conducted for the city of Poznan
that is a medium-sized city with 550,000 inhabitants.
The city has an extensive tram network, and the
trams do not operate at night except for one line.
Hence, the existing tram network can be used to organize the delivery of goods at night in order to not
interfere with the movement of passenger trams.
Providing freight delivery services by trams requires
the organization of dedicated distribution centers.
The location of 6 potential distribution centers in different part of the city is presented in figure 1 (V1 to
V6). Distribution centers are located near the main
access roads on the outskirts of the city center. All
distribution centers provide supplies of identical
products. In the city of Poznan, a significant number
of potential clients are concentrated in 9 large locations which are large shopping centers and local
markets that are also presented in the figure 1 (AM
1 to AM3 for local markets and S1 to S6 for shopping centers). There are also three existing tram depots (T1 to T3).
The city tram-network provides access tracks for the
delivery of goods from distribution centers to clients. From public tram tracks, access tracks branch
off and enter the area of the respective clients, where
loading and unloading platforms are built for freight
trams. This does not apply for markets as the tram
tracks run along the border of all considered markets.
Based on the existing network of tram tracks and geolocation of the facilities of the cargo supply process
(distribution centers, clients and tram depots), the
corresponding matrix of the shortest distances was
obtained.
The vast majority of clients are characterized by variable demand. Transported cargo are small batches
of clothes, cosmetics, household care products, vegetables and fruits, toys and other consumer goods.
The freight must be compatible (not contraindicated
for transportation together), packed (mostly in boxes
or crates) and placed directly on pallets or in wire
mesh basket pallets. Loading and unloading can be
mechanized or manual.
Transportation is carried out by three-section freight
trams, an example of which is shown in figure 2.
Nominal capacity of the main section of the tram is
10 tons and freight section is 15 tons which allows
to carry up to 40 tons of freight. Structurally freight
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tram is a modified passenger tram, where the passenger compartment is replaced with the cargo platform for transporting pallets.
An important aspect is the selection of criteria for
efficient delivery of goods. This choice depends on
the specific conditions of transportation and the
problem to be solved. The economic efficiency of
the transport process is assessed by single or integrated (Muzylyov et al., 2020), natural and economic measures, as well as indicators of nontransport effect (Kiciński et al., 2019a; Kiciński et
al., 2019b; Shramenko and Shramenko, 2018). Single efficiency criteria are applied if the compared
transport options differ on one, separate indicator.
Technological parameters of the transport process

are often used as single or partial indicators of efficiency.
Therefore, as a criterion of efficiency in optimizing
the process of transportation of goods by trams from
distribution centers to clients, the total mileage with
cargo for the working shift of trams was chosen
Lcarg:
𝑛

𝑠

𝐿𝑐𝑎𝑟𝑔 = ∑ ∑ 𝑙𝑏𝑗 → min

(1)

𝑗=1 𝑏=1

where: lbj – the length of the cargo departure of the
b-th route for the j-th client, km; n – number of customers, units; s – number of routes, units.

Fig. 1. Scheme of dislocation of entities in the process of cargo transportation by trams in Poznań
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Fig. 2. Example of a three-section tram for urban
freight (Hinčica, 2022)
In the first stage, in order to obtain a basic solution
for comparing the simulation results, the problem of
optimal assignment of customers to distribution centers was solved for constant demand (distribution
centers have a sufficient number of products ordered
by clients and the demand for products is satisfied).
In this case, the optimal shuttle routes are selected
on the basis of the shortest distance matrix with the
criterion of minimizing the mileage with load.
However, the difficulty of implementing a logistics
approach is that transport is a “living” system that
operates in conditions of uncertainty and risk. Uncertainty is characterized by the stochastic demand
for goods from clients, which requires the operational planning of freight transportation.
In addition to demand uncertainty, the risk may arise
from the following factors:
− shortage of products in certain distribution centers,
− technical and technological failures in the operation of distribution centers,
− road works or other traffic disruptions on sections of the tram network in the city.
The presence of at least one of these events leads to
the inability to deliver products to a particular distribution center and fully satisfy its demand. Therefore, the risk for the i-th distribution center can be
assessed as follows:

Yі = 1 - (1- Pі(Q)) (1- Pі(B)) (1- Pі(S)),

(2)

where: Pi (Q) – the probability of shortage of stock
in the i-th distribution center; Pi (B) – the probability
of technical and technological failures in the i-th distribution center; Pi (S) – the probability of road
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works on sections of the street and road network of
the city, going to the i-th distribution center.
In order to take into account the specificity of the
distribution system of freight delivery in conditions
of uncertainty and risk, a simulation model of the organization of material flows within the transport system of the city of Poznan has been developed.
The simulation model is based on solving an open
transport problem with an unbalanced volume of deliveries and orders of goods. The model assumes stochastic demand for products from clients, and also
takes into account the risk of shortages in certain distribution centers (or the inability to supply products
from the distribution center for different reasons).
The transport problem is a linear programming problem for which the simplex method is used.
The following assumptions were made to solve the
problem:
− demand for products is a random variable that
is distributed according to the normal law,
− taking the risk into account means a variation of
20% from the base values,
− only routes with load are considered in the optimization criterion (return routes/empty runs
are not taken into account),
− transportation of goods involves the use of shuttle routes from distribution centers to clients.
− Limitations to the model are the following:
𝑛
∑𝑚
𝑖=1 𝑄𝑑𝑐 𝑖 ≥ ∑𝑗=1 𝑄с 𝑗 ;

(3)

𝑞𝑓 ≤ 𝑞𝑡 ,

(4)

where: Qdc i – the actual availability of cargo in the
i-th distribution center, t; Qc j – volume of cargo order j client, t; qf – actual shipment, t; qt – nominal
load capacity of the tram, t.
4. Results
The simulation model is implemented in the form of
a software, an example of the interface of which is
shown in figure 3.
Software has been developed using Python programming language for simulating the process of optimal
assignment of suppliers to consumers under conditions of stochastic demand for products and the risk
of product availability in distribution centers. For the
optimal assignment of suppliers to consumers, an algorithm for solving an open-type transport problem
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based on the simplex method was implemented. Stochastic demand for client j was generated using the
normal distribution 𝑁(𝑄̅𝑗 , 𝜎), where 𝑄̅𝑗 is the average demand for goods for client j over the analyzed
period, 𝜎 is the standard deviation, which in this
study is assumed to be 20. The value of the available
quantity of goods in the distribution centers was generated with the specified probability of deviation
from the required quantity that ranged from 1% to
20%.
The input data is a list and characteristics of the facilities in the tram freight system. For clients it is geolocation and demand for supplies, for freight terminals their geolocation and volume of available
goods, for tram depots their geolocation and number
of rolling stock.
First a calculation was made for a constant demand.
For the optimal assignment of clients to distribution
centers under the conditions of constant demand, the
total distance with load is 158.2 km. Distribution
center V3 is not assigned to any client (Tab.1). Distribution center V4 will supply 294 tonnes of goods
to clients AM2, AM4, S1 and S3. Distribution center
V1 will supply 474 tonnes to client S5 and additionally 2 tonnes to AM1. Distribution center V6 will
provide 294 tonnes of supply to clients S4 and S6
who are located next to each other and V5 will provide 117 tonnes to S2. The smallest load (4 tonnes)
will be delivered by V2 to the client AM3.

For stochastic demand and under conditions of risk
it is difficult to identify single optimal solution. For
every change in value (demand, supply, exclusion of
routes), the optimal assignment will be different. Using the developed software, 800 simulation experiments were conducted, which resulted in optimal
plans for assigning clients to distribution centers in
conditions of uncertainty and risk, as well as the
value of total mileage with Lcarg cargo in the supply
of these goods. table 2 shows the average values of
the obtained results.
Depending on the results of the simulation, distribution centers were assigned to supply the goods to
specific clients. table 3 shows in how many simulations a given client was assigned to a specific distribution center. Based on statistical data, a histogram
of the distribution of the random variable Lcarg is
constructed (figure 4).Hypotheses about the distribution laws of the random variable Lcarg are tested.
The following distribution laws were used for comparison: betta distribution, normal distribution,
gamma distribution, lognormal distribution, 𝜒 2 distribution. It is determined that the random variable is distributed according to the normal distribution law with the parameters: mathematical expectation 𝜇 = 201.1 km, standard deviation 𝜎 = 19.99 km:
𝑓(𝑥) =

1
19. 99√2𝜋

𝑒

1 𝑥−201.1 2
− (
)
2 19.99

(5)

Fig. 3. Software interface for simulation model of operational planning of transport and distribution system
of cargo supply in the city of Poznań
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Table 1. Optimal assignment of clients to distribution centers for constant demand (assigned load in tonnes)
Distribution center
Clients
AM1
AM2
AM3
AM4
S1
S2
S3
S5
S4&S6
Total load [t]

V1

V2

V3

V4

V5

V6

2
0
0
0
0
0
0
474
0
476

0
0
4
0
0
0
0
0
0
4

0
0
0
0
0
0
0
0
0
0

0
4
0
10
131
0
149
0
0
294

0
0
0
0
0
117
0
0
0
117

0
0
0
0
0
0
0
0
384
384

Table 2. Average values of load for assigning clients to distribution centers for stochastic demand and including risk (in tonnes)
Distribution center
Clients
AM1
AM2
AM3
AM4
S1
S2
S3
S5
S4&S6

V1

V2

V3

V4

V5

V6

0.4
0.0
0.3
0.0
0.0
0.0
4.6
149.0
24.4

0.2
0.6
0.8
0.2
10.8
15.2
18.9
1.5
31.5

0.7
2.2
1.3
0.9
28.9
42.3
78.9
95.7
120.1

0.5
1.1
0.8
8.8
78.5
18.2
28.5
0.0
0.0

0.0
0.2
0.0
0.2
14.4
41.2
21.8
0.0
0.0

0.2
0.0
0.8
0.0
0.0
0.0
0.0
24.3
186.5

Table 3. The percentage of assignment of a given client to a specific distribution center (in %)
Distribution center
Clients
AM1
AM2
AM3
AM4
S1
S2
S3
S5
S4&S6

V1

V2

V3

V4

V5

V6

19
0
7
0
0
0
2
86
12

10
15
21
2
9
14
15
1
12

33
54
33
9
29
50
54
64
49

26
27
19
88
75
28
25
0
0

2
4
1
2
15
65
18
0
0

11
0
19
0
0
0
0
16
88

The simulation results are summarized in table 4.
The value of the parameter of total mileage with
cargo Lcarg in stochastic demand and risk slightly increases compared to stationary demand and the

availability of sufficient cargo in distribution centers, which should be taken into account when determining the cost of transportation.
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Fig. 4. Histogram of the distribution of the random variable "total mileage with cargo"
Table 4. The value of the total mileage with the load
Modeling conditions
Stationary demand and availability of sufficient
freight in distribution centers

Total mileage with load, Lcarg
Lcarg takes the minimum possible value – 158.2 km

L is a random variable that is distributed according to the normal
Stochastic demand and the risk of not having enough carg
law: mathematical expectation 𝜇 = 201.1 km,
freight in distribution centers
standard deviation 𝜎 = 19.99 km

5. Conclusions
The introduction of environmental principles, energy-efficient technologies of urban freight transport
or using non fossil fuelled vehicles determines the
sustainable development of green supply chains.
The developed simulation model allows for optimal
assignment of clients to distribution centers in order
to quickly plan urban freight transportation by trams
under conditions of uncertainty and risk.
The research was conducted for the city of Poznan.
As a result of simulation, the optimal plans for assigning customers to distribution centers in conditions of uncertainty and risk, as well as the value of
the total mileage with the load, which is a random
variable were proposed. It is determined that the
random variable is distributed according to the nor-

mal distribution law with the parameters: mathematical expectation – 201.1 km, standard deviation –
19.99 km. Therefore, when determining the cost of
transportation, it is necessary to take into account the
presence of conditions of uncertainty and risk.
The use of the developed software facilitates the
adoption of rational management decisions when
planning deliveries of freight to selected clients with
stochastic demand under conditions of risk.
The downside of the proposed model is that empty
runs are not taken into account and the number of
transports carried out by one tram is neither considered. Further research should include those aspects
and focus on the formation of optimal routes for the
delivery of goods by trams from distribution centers
to clients.

Shramenko, N., Merkisz-Guranowska, A., Kiciński, M., Shramenko, V.,
Archives of Transport, 63(3), 113-122, 2022

References
[1] Aktas ,E., Bloemhof, J.M., Fransoo, J.C., Gunther, H.O., Jammernegg, W. (2018). Green logistics solutions, Flexible Services And Manufacturing Journal, 30(3), 363-365. DOI:
10.1007/s10696-017-9301-y.
[2] Alekseev, S. (2018). Prospects for the implementation and use of innovative intelligent
technologies in modern transport systems. International Journal of Open Information Technologies, 6 (6), 38-43. (in Russian).
[3] Andrzejczyk, P., Rajczakowska, E. (2020).
Ecologistics as an integral element of the sustainable development of farms in Poland. Economics and Organization of Logistics, 5 (2),
27-42. DOI: 10.22630/EIOL.2020.5.2.11.
[4] Baird Maritime (2020) Arriva Danmark goes
all-electric with Damen waterbus quintet,
https://www.bairdmaritime.com/work-boatworld/passenger-vessel-world/ferries/vesselreview-arriva-danmark-goes-all-electric-withdamen-waterbus-quintet/.
[5] Beamon, B.M. (1999). Designing the green
supply chain. Logistics Information Management, 12, 332–342.
[6] Behiri, W., Belmokhtar-Berraf, S., Chu, C.
(2018). Urban freight transport using passenger
rail network: Scientific issues and quantitative
analysis. Transportation Research Part E: Logistics and Transportation Review, 115, 227245. DOI: 10.1016/j.tre.2018.05.002.
[7] Bosov, A., Khalipova, N. (2017). Formation of
separate optimization models for the analysis of
transportation-logistics systems. Eastern-European Journal of Enterprise Technologies, 3
(87),
11-20.
DOI:
10.15587/17294061.2017.103220.
[8] Bowersox, D.J., Closs D.J. (1996). Logistical
management: the integrated supply chain process. New York: McGraw-Hill Companies.
[9] Chukurna, O., Pylchenko, A., Dobrovolskyi, V.
(2019). Ecological logistics: problems of formations of green supply chain. Zeszyty Naukowe Wyższej Szkoły Technicznej w Katowicach, 11, 103-118.
[10] De Langhe, K., Meersman, H., Sys, C., Van der
Voorde, E., Vanelslander, T. (2019). How to
make urban freight transport by tram successful? Journal of Shipping and Trade, 4, article
nr 13. DOI: 10.1186/s41072-019-0055-4.

121

[11] Epicoco, N., Falagario, M. (2022). Decision
support tools for developing sustainable transportation systems in the EU: A review of research needs, barriers, and trends. Research in
Transportation Business & Management, 43,
100819. DOI: 10.1016/j.rtbm.2022.100819.
[12] Hinčica, L. (2022). The fate of the former
freight trams in Dresden remains uncertain.
https://www.cs-dopravak.cz/tag/cargotram/.
[13] Hurzhiy, N.M., Belikova, M.Yu. (2016). The
implementation of ecologistics in the domestic
transport system. Scientific Bulletin of the
Kherson State University, 17(1), 96-99.
http://www.ej.kherson.ua/journal/economic_17/1/27.pdf (in Ukrainian).
[14] Husaková, N. (2014). A New Approach to EcoLogistics. Applied Mechanics and Materials,
708, 99-104. DOI: 10.4028/www.scientific.net/amm.708.99.
[15] Jacyna, M., Semenov, I.N., Trojanowski, P.
(2015). The research directions of increase effectiveness of the functioning of the RSA with
regard to specialized transport. Archives of
Transport,
35(3),
27-39.
DOI:
10.5604/08669546.1185181.
[16] Jacyna, M., Wasiak, M., Lewczuk, K., Chamier-Gliszczyński, N., Dąbrowski, T. (2018).
Decision problems in developing proecological
transport
system.
Rocznik
Ochrona
Środowiska, 20(2), 1007–1025.
[17] Johnson, J.C., Wood, D.F., Wardlow, D.L.,
Murphy, P.R.Jr. (1999). Contemporary Logistics. (7th ed.). Prentice Hall.
[18] Karpova, N., Pilipovich, E. (2016). Ecological
logistics as the basis of a company's sustainable
development strategy. Eurasian Union of Scientists, 2-3 (23), 79-81. https://cyberleninka.ru/article/n/ekologicheskaya-logistikakak-osnova-strategii-ustoychivogo-razvitiyakompanii (in Russian).
[19] Kicinski, M., Bienczak M., Fierek, S., MerkiszGuranowska, A., Zmuda-Trzebiatowski, P.
(2019b). A multi-criteria decision making approach for the evaluation of roads and streets
system in Gniezno. Proceedings of ICCPT
2019, 22-31. https://iccpt.tntu.edu.ua/wp-content/uploads/2019/05/Proceedings_ICCPT2019.pdf.
[20] Kiciński, M., Witort, P., Merkisz-Guranowska,
A. (2019a). Multiple criteria optimization for

122

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Shramenko, N., Merkisz-Guranowska, A., Kiciński, M., Shramenko, V.,
Archives of Transport, 63(3), 113-122, 2022

supply chains – Analysis of case study. In: Sierpiński, G. (eds) Integration as Solution for Advanced Smart Urban Transport Systems. TSTP
2018. Advances in Intelligent Systems and
Computing, vol 844. Springer, Cham. DOI:
10.1007/978-3-319-99477-2_14.
Korniyko, Ya., Valiavskaya, N. (2019). The
conceptual apparatus and stages of ecological
development. Economy and State, 1, 43-46.
DOI:
10.32702/2306-6806.2019.1.43
(in
Ukrainian).
McKinnon, A., Browne, M., Whiteing, A. (ed).
(2013). Green Logistics: Improving the Environmental Sustainability of Logistics. London:
Kogan Page. ISBN978-0-7494-6625-1.
Muzylyov, D., Shramenko, N., Shramenko V.
(2020). Integrated business-criterion to choose
a rational supply chain for perishable agricultural goods at automobile transportations. International Journal of Business Performance
Management,
21(1/2),
166-183.
DOI:10.1504/IJBPM.2020.106116.
Pietrzak, K., Pietrzak, O., Montwiłł, A. (2021).
Effects of Incorporating Rail Transport into a
Zero-Emission Urban Deliveries System: Application of Light Freight Railway (LFR) Electric Trains. Energies, 14, 6809. DOI:
10.3390/en14206809.
Pietrzak, O., Pietrzak, K. (2021). Cargo tram in
freight handling in urban areas in Poland. Sustainable Cities and Society, 70, 102902. DOI:
10.1016/j.scs.2021.102902.
Ping, L., (2009). Strategy of Green Logistics
and Sustainable Development. Proceedings of
2nd International Conference on Information
Management, Innovation Management and Industrial Engineering, vol. 1, 339-342.
Prokudin, G., Chupaylenko, A., Khobotnia, T.,
Remekh, I., Lyamzin, A., Kovalenko, М.
(2022). Optimizing unbalanced freight deliveries in transportation networks. Eastern-European Journal of Enterprise Technologies,
2/3(116), 22–32. DOI: 10.15587/17294061.2022.253791.
Rakhmangulov, A., Osintsev, N., Muravev, D.,
Sladkowski, A. (2017). An approach to achieving the sustainable development goals based on

[29]

[30]

[31]

[32]

[33]

[34]

[35]

the system of green logistics methods and instruments. Transport Problems - Proceeding IX
International Scientific Conference, 541-556.
Savchenko, L., Grygorak, M., Polishchuk, V.,
Vovk, Y., Lyashuk, O., Vovk, I., Khudobei, R.
(2022). Complex evaluation of the efficiency of
urban consolidation centers at the micro level.
Scientific Journal of Silesian University of
Technology. Series Transport, 115, 135-159.
DOI: 10.20858/sjsutst.2022. 115.10.
Semenov, I., Filina-Dawidowicz, L., Trojanowski, P. (2019). Integrated approach to information analysis for planning the transport of
sensitive cargo. Archives of Transport, 51(3),
65-76. DOI: 10.5604/01.3001.0013. 6163.
Shramenko, N., Muzylyov, D., Shramenko, V.
(2020). Methodology of Costs Assessment for
Customer Transportation Service of Small Perishable Cargoes, International Journal of Business Performance Management: Special Issue
on: TBM 2019 Transformative Business Models – Disruptive Innovation in Finance, Logistics and Tourism, 21(1/2), 150-166.
Shramenko, N., Shramenko, V. (2018). Mathematical model of the logistics chain for the delivery of bulk cargo by rail transport. Scientific
Bulletin of National Mining University, 5 (167),
136-141. DOI: 10.29202/nvngu/2018-5/15.
Shramenko, N., Shramenko, V. (2020). Simulation model of the process of delivering small
consignments in international traffic through
the terminal system. CEUR Workshop Proceedings,
2711,
443-454,
http://ceurws.org/Vol-2711/paper34.pdf.
Tarkowski, M. (2021). On the emergence of sociotechnical regimes of electric urban water
transit systems. Energies, 14, 6111. DOI:
0.3390/en14196111.
Vojtov, V., Kutiya, O., Berezhnaja, N., Karnaukh, M., Bilyaeva, O. (2019). Modeling of reliability of logistic systems of urban freight
transportation taking into account street congestion. Eastern-European Journal of Enterprise Technologies, 4 (3), 15-21. DOI:
10.15587/1729-4061.2019.175064.

