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Abstract— We all witness changes in supply chains 
and distribution networks influenced by technological 
development. One of the trends is Digital Twins and 
outgoing outsourcing of logistics processes. According 
to mentioned trends, the following article is aimed to 
elaborate on the Digital Twin in the wide 
understanding logistics coordination concept. The 
research focuses on examining the 4 chosen 
distribution networks in which logistics service 
providers collaborate with manufacturers in the area 
of e-commerce activities. The novelty of the following 
paper focuses on the Digital Twin implementation 
case studies in the area of logistics operator activity in 
distribution networks connected with e-commerce 
activities. The results from the different simulation 
models were shown and the perspective of 
implementation of the Digital Twin was clarified.  
Keywords— logistics service provider, 3PL, distribution 
network, Digital Twin, logistics coordination   
 
 
1. Introduction 

Key drivers for changes in logistics are 
technology advancements through ongoing 
automation and digitalization [1]. Usually, the 
logistics service providers (LSP, which in the 
following article will be called also 3PL – Third-
party logistics) were not associated with the 
innovations and usage of advanced technologies. 
However in 2005 the innovation in logistics was 
summarized in a few words: “logistics research 
largely ignored the concept of innovation”[2]. It 
means that  the innovation area was a poor 
consideration area, but for now the trend changed 
and we can be witnesses of more and more research 
papers connected with logistics and innovation. 
Currently still there is not a lot of research papers 

in the logistics field of study connected with 
innovations. Some researchers examined the top 
nine logistics journals and make the conclusion that 
the only from 1,15% to 8,10% research papers in 
the years 2000-2013 were related to innovations 
[3]. Other researches show that about 32% of 
research papers connected with innovations are 
based on case studies [4]. The acceleration of the 
technological route in the form of digitization, 
internalization, virtualization, and automation has 
resulted in the recalibration of economies and 
societies during the last century [5]. The current 
trends in research are usually connected with e-
commerce, e-tailing or fresh products distribution 
[6] or the solutions supported the multi-, cross- and 
omnichannel distribution [7]. Another prospective 
solution is Digital Twin [8], this solution is the 
main topic of the following research paper (figure 
1). 

 

Figure 1. Concept of research paper  
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According to conception of the research two 
hypotheses were elaborated: 
H.1: Digital Twin is the solution suitable for 
logistics coordination concept. 
H.2: Digital Twin could support the activity of 
logistics service provider in e-commerce area 
In the following article, the logistics service 
provider (LSP) will be treated as a equal company 
to third-party logistics (3-PL).  

2. Literature review 
 

2.1 Digital Twins in logistics 

Digital innovations and digital technologies 
stimulate mobility in terms of access to information 
and its analysis [9]. Digitalization is a reflection of 
an object or analogy activity in binary form [10] 
and has been shown to be a powerful way to reduce 
the cross-border logistics friction [11]. Digital 
personel management is also state as a future 
solution for supporting logistics activities [12]. 
With the active use of digital technologies in the 
nodes of logistics networks starting 5–7 years ago, 
their implementation was carried out on the 
principle of replacing the people of operators on 
information flows [4] and one of the most trendy 
solution connected with digitalization is Digital 
Twin. Digital Twin usually includes: real space, 
virtual space and the spreading of data/information 
flow between real and virtual space [8]. Digital 
Twins could be supported by foresight support 
systems to predict the future information. Foresight 
support systems plays an important role in the 
modern supply chains [13]. The integration of 
various technologies is referred to as digitalization, 
a superordinate concept. Although technologies are 
a necessary pre-condition for digitalization, they do 
not have to be digital [14]. Digital Twin should 
consist of technological infrastructure and cyber 
environment [15] and is usually associated with 
logistics operator 4.0 [16], so the operator is able to 
provide services for the companies acting in 
Industry 4.0 reality. Digital Twins could be also 
treated as a technology and knowledge resource to 
achieve the competitive advantage in the activity of 
logistics service provider [17]. In the author 
opinion there is a need for considering the Digital 
Twin concept from the perspective of logistics 
coordination in the distribution networks. 

 

2.2 Logistics coordination concept 

Currently a lot of authors believe that coopetition 
actions, in which a logistics actions play a big role, 
is today considerate from the supply chain vs 
supply chain perspective than company vs 
company perspective [18], it means that the 
enterprises have a better chance to succeed by 
using a synergy effect and taking a holistic view on 
the whole supply chain or distribution network. 
Researches confirm among other the fact that lack 
of carrier coordination has a negative influence on 
the whole supply chain [19]. In the author opinion, 
the crucial issue in distribution network where the 
LSP occurs there is an issue connected with ability 
of such a entities to coordination. Logistic 
coordination, according to the author, can be 
defined as the coordination of activities related to 
the management of flows carried out by the 
logistics operator as part of the currently 
implemented activities, activities resulting from the 
possibility of demand management, the use of the 
necessary achievements of information technology 
as part of the use of the market, social and 
hierarchical network coordination mechanism 
(figure 2). 

 

Figure 2. Logistics coordination concept 
Source: [20] 

The crucial elements of logistics coordination could 
be inventory management and transportation 
planning n the whole distribution network acting by 
3PL [21] and LSP in logistics coordination is able 
to support manufacturers’ demand plans [22]. A 
properly constructed information exchange system 
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and the willingness to exchange information 
between different enterprises is the basis of an 
efficiently functioning enterprise network. A 
properly created information exchange system is 
also recognized by some authors as one of the key 
elements of the coordination of entire supply chains 
[23]. Very often, even when basing mainly on 
human decisions when planning activities, these 
activities are supported by advanced decision 
support systems [24]. Information flows and the 
possibility of using them in an appropriate manner 
are inextricably linked with the necessity to 
implement solutions of digital and computer 
technologies. Digital technologies and computer 
technologies that support the flows in networks are 
extremely important. We can distinguish, for 
example, electronic exchanges, which allow you to 
easily coordinate some transport activities [19] and 
which are one of the simpler mechanisms of such 
coordination. So, the Digital Twin is the solution 
that seems to be suitable for logistics coordination 
conception which allows confirming the H.1 
(Digital Twin is the solution suitable for logistics 
coordination concept). 

3 Methods 

For the analysis, there were chosen the 4 
distribution networks were characterized by the 
following features:  

• There is a 3PL company acting in the 
distribution network which provides 
logistics services as outsourcing to the 
manufacturer in the network.  

• 3PL is also acting as the e-commerce 
value-added service in the distribution 
network.  

• 3PL has its own warehouse, 
transportation, and IT infrastructure. 

• 3PL has the features which are needed for 
taking the actions connected with 
centralized demand forecasting (according 
to [25]). 

• 3PL data flow is based on cloud 
computing infrastructure. 

Analysis construction is shown at figure 3. The 
forecasting tool is part of a centralized demand 
forecasting system which is treated as a new, 
prospective function for LSP or 3PL in distribution 
networks. According to the research, these kinds of 
entities, when they have some specific functions, 
are able to create demand forecasts and provide 

actions connected with demand management in 
distribution networks [25].  Chosen for analysis 
3PL is the international outsourcing company 
which provides logistics and value-added services 
for the huge amount of manufacturers and handle 
with the different types of products both food and 
non-food. The logistics service provider is also able 
to create and implement the simulation models of 
their activity. 

 

Figure 3. Analysis construction 

These models could be very effective as support of 
managerial decisions. According to the research, 
mentioned forecasting tool could be used as a 
prediction system for resource planning in the area 
of warehouse management, where the processes of 
establishing the resources could be a computer 
model [26] and there is also an option for 
modelling the activity strictly connected with e-
commerce packing line. In this second case, LSP is 
also able to create, implement and make 
conclusions from such a model [27]. Mentioned 
simulation models could be used as a based of 
Digital Twin. In the following research paper there 
will be checked the models elaborated and 
implemented by the author to the 4 chosen 
distribution networks. In the end the influence of 
simulation models to logistics coordination concept 
will be show.  

4 Results and discussion 

Models were elaborated as a BPMN 2.0 
(Business Process Modelling and Notation 2.0) 
standard and implemented in this shape to the 
computer environment. This kind of model 
considers the parameters like activity time, 
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resource parameters, schedule of work, and 
automatic data flow. Simulation models are 
commonly used in some cases to analyze the 
supply chains [28]. The data flow is based on 
cloud-based WMS information which is 
automatically imported into the models. For each 
situation, there were established the main KPI (Key 
Performance Indicator). KPIs were created with the 
collaboration of top management which is involved 
in the modeled processes.  Table 1 shows the brief 
assumption for the particular models.  
 

Table 1. Brief characteristics of the models 

DN	 Modeled	e-commerce	activity	
description	

1 B2B and B2C distribution packing line in 
the warehouse (for the orders from POS 
and customers) – household chemicals 
products. 

2 B2C picking process and distribution 
(preparing for release to carrier 
company after picking) – non-food 
products.  

3 B2C packing line in the warehouse 
(preparing orders for distribution) – 
non-food and food products. 

4 B2C picking processes with resource 
planning and predicting the future 
orders level in non-food products. 

 
KPIs which were chosen to assess the models are 

the time of processing one customer order, 
mistakes in releasing in percentage, and work 
overloading of human labor.  The changes of the 
particular KPIs to the based value (before 
implementation of the simulation model) were 
shown in figure 4. 

The KPI with the smallest positive percentage 
change (in the range from 0 to 20%) was the 
mistakes in releasing in percentage. The reason for 
that is to achieve better results in this case, in the 
author’s opinion, are needed additional process 
analysis and process improvement, not just the 
simulation model. The improvement, obviously, 
could be based on simulation analysis, but it is a 
further step. The rest of KPIs have the following 
positive percentage change: 

• Time of processing one customer order 
from 3% to 20%. 

• Work overloading of human labor from 
10% to 40%. 

The last KPI, work overloading of human labor, 
could be optimized by the proper model which 
allows for resource consideration and gives tips for 
better resource planning to managers. 

 
 

 
Figure 4. Changes of KPIs after implementation of 

simulation models 

According to mentioned cases, the Digital Twin 
could support the activity of logistics service 
providers in the e-commerce area in the aspects of 
improving managerial decisions about resource 
planning and could also shorten the time of the 
process. The H.2 was confirmed.  

The proposed solution could support the 
managerial decision by providing real-time 
information and warning about the future based on 
the simulation model. This kind of model could be 
also another VAS a logistics service provider could 
offer to their customers as an additional, outsourced 
service. It is one of the future ways to develop the 
research – to check the possible added value which 
could be generated for customers by 3PL company 
supported by Digital Twin.  
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Another direction of future research is to expand 
the solution of providing logistics services from 
distribution networks to the whole supply chain. It 
seems to provide good results is the area of Internet 
of Things technologies examinations in the 
condition of supply chains [29]. It could be a good 
direction to test the possible support of such 
technologies to Digital Twins in the activity of 
logistics operators.  

 
5 Conclusions 

The proposed methodology brings the possibility 
of adopting the simulation models with real-time 
data flow and building the basis for Digital Twin 
for logistics service providers. The research allows 
confirming the two hypotheses: H.1 (Digital Twin 
is the solution suitable for logistics coordination 
concept) and H.2 (Digital Twin could support the 
activity of logistics service provider in e-commerce 
area). The analyzed cases were connected with 4 
distribution networks, but the future research could 
be expanded on the whole supply chain and 
analysis of value creation by Digital Twin usage. 
However, the paper shown the importance of 
digital technologies to current logistics operators 
actions and provides the knowledge about the 
profits from implementation of such a tools in the 
activity of outsourcing company. It is also well-
known that activity of logistics outsourcing 
companies has a big impact on performance of 
whole supply chain [30], so proposed solution 
could improve the performance of other companies 
connected in the material flow.  
	
Acknowledgments  

Publication supported under the Excellence 
Initiative—Research University program at the 
Silesian University of Technology, year 2022  
	
References 

[1] Gafert, M., Fröhlich, P., Ritzinger, U., 
Baldauf, M., Challenges for Future 
Automated Logistics Fleet Interactions. In 
AutomationXP@ CHI., 2021. 

[2] Flint, D. J., Larsson, E., Gammelgaard, B., 
Mentzer, J. T., Logistics innovation: a 
customer value‐oriented social process. 
Journal of business logistics, vol. 26, no. 1, 
pp.113-147, 2005. 

[3] Göpfert, I., Wellbrock, W.,  Innovation 
management in logistics: an empirical study. 
International Journal of Logistics Systems and 
Management, vol. 25, no. 2, pp. 227-244, 
2016. 

[4] Gao, D., Xu, Z., Ruan, Y. Z., Lu, H.,  From a 
systematic literature review to integrated 
definition for sustainable supply chain 
innovation (SSCI). Journal of Cleaner 
Production, vol. 142, pp. 1518-1538, 2017. 

[5] Kolasińska-Morawska, K., Sułkowski, Ł., 
Buła, P., Brzozowska, M., Morawski, P., 
Smart Logistics—Sustainable Technological 
Innovations in Customer Service at the Last-
Mile Stage: The Polish Perspective. Energies, 
vol. 15, no. 17, pp.6395, 2022. 

[6] Gu, B., Fu, Y.,  Li, Y., Fresh-keeping effort 
and channel performance in a fresh product 
supply chain with loss-averse consumers’ 
returns. Mathematical problems in 
engineering, 2018. 

[7] Saskia, S., Mareï, N., Blanquart, C., 
Innovations in e-grocery and logistics 
solutions for cities. Transportation Research 
Procedia, vol. 12, pp. 825-835, 2016. 

[8] Marcucci, E., Gatta, V., Le Pira, M., Hansson, 
L., Bråthen, S., Digital Twins: A Critical 
Discussion on Their Potential for Supporting 
Policy-Making and Planning in Urban 
Logistics. Sustainability, vol. 12, no. 24, 
pp.10623, 2020. 

[9] Barczak, A., Dembińska, I., Marzantowicz, 
Ł., Analysis of the risk impact of 
implementing digital innovations for logistics 
management. Processes, vol. 7 no. 11, pp.815, 
2019. 

[10] Cichosz, M., Digitalization and 
competitiveness in the logistics service 
industry. e-mentor, vol. 5,  no. 77, pp. 73-82, 
2018. 

[11] Lee, H. L., Shen, Z. J. M., Supply chain and 
logistics innovations with the Belt and Road 
Initiative. Journal of Management Science 
and Engineering, vol. 5, no. 2, 77-86, 2020. 

[12] Barykin, S. Y., Kapustina, I. V., Valebnikova, 
O. A., Valebnikova, N. V., Kalinina, O. V., 
Sergeev, S. M., Volkova, L., Digital 
technologies for personnel management: 
Implications for open innovations. Academy 
of Strategic Management Journal, vol. 20, pp. 
1-14, 2021. 

[13] Keller, J., Markmann, C., Heiko, A., 
Foresight support systems to facilitate 
regional innovations: A conceptualization 
case for a German logistics cluster. 
Technological Forecasting and Social Change, 
vol. 97, pp. 15-28, 2015. 

[14] Mathauer, M., Hofmann, E., Technology 
adoption by logistics service providers. 
International Journal of Physical Distribution 
& Logistics Management., 2019. 

[15] Cichosz, M., Wallenburg, C.M., Knemeyer, 
A.M., Digital transformation at logistics 
service providers: barriers, success factors and 
leading practices, The Intenational Journal of 



Int.	J	Sup.	Chain.	Mgt	 	 Vol.	12,	No.	1,	February	203	
	

6 

Logistics Management, vol. 31, no. 2, pp.209-
238, 2020. 

[16] Cimini, C., Lagorio, A., Romero, D., 
Cavalieri, S., Stahre, J., Smart logistics and 
the logistics operator 4.0. IFAC-
PapersOnLine, vol. 53, no. 2, pp.10615-
10620, 2020. 

[17] Karia, N., Knowledge resources, technology 
resources and competitive advantage of 
logistics service providers. Knowledge 
Management Research & Practice, vol. 16, 
no.4, pp.451-463, 2018. 

[18] Akbari M., Logistics outsourcing: a structured 
literature review, Benchmarking: An 
International Journal, vol.25, pp.1548-1580, 
2018. 

[19] Karaenko P., Bichler M., Minner S., 
Coordination is hard: electronic auction 
mechanism for increased efficiency in 
transportation logistics, Management Science, 
vol.65, pp.44578, 2019. 

[20] Kmiecik M., Conception of logistics 
coordination in the distribution networks, 
Logistics Research, Vol. 15, No. 11, pp. 1-18, 
2022. 

[21] Kmiecik M., Logistics Coordination Based on 
Inventory Management and Transportation 
Planning by Third-Party Logistics (3PL), 
Sustainability, Vol 14(13), pp.8134, 2022. 

[22] Kmiecik M., Supporting of manufacturer’s 
demand plans as an ele-ment of logistics 
coordination in the distribution network, 
Production Engineering Archives, [in print], 
2023. 

[23] Arshinder K., Kanda A., Deshmukh S.G., 
Supply chain coordination: perspectives, 
empirical studies and research directions, Int. 
J. Production Economics, vol.115, pp.316-
335, 2008. 

[24] Perera H.N., Hurley J., Fahimnia B., Reisi M., 
The human factor in supply chain forecasting: 
a systematic review, European Journal of 
Operational Research , vol.274, pp.574-600, 
2019. 

[25] Kramarz M., Kmiecik M., Quality of 
Forecasts as the Factor Determining the 
Coordination of Logistics Processes by 
Logistic Operator, Sustainability, Vol 14(2), 
pp. 1013, 2022. 

[26] Kmiecik M., Automation of warehouse 
resource planning process by using a cloud 
demand forecasting tool, Scientific Papers of 
Silesian University of Technology, [in print], 
2022. 

[27] Kmiecik M., Modelling of e-commerce 
packing line in the warehouse - case study, 
Scientific Papers of Silesian University of 
Technology, [in print], 2022. 

[28] Zaibidi N.Z., Yacob S.A.B., Isa N.F.B.M.I.,  
A Simulation Approach for Performance 
Measures of Food Manufacturing Process, 
International Journal of Supply Chain 
Management, vol 9, no. 1, 2020. 

[29] Simchenko N.A., Tsohla S.Y., Chyvatkin 
P.P., IoT & Digital Twins Concept Integration 
Effects on Supply Chain Strategy: Challenges 
and Effects, International Journal of Supply 
Chain Management, vol 8, no. 6, 2019. 

[30] Sudrajat D., Budiastuti D. Kuncoro E.A., 
Setiadi N.J., Innovative Logistics Service 
Capability: Its Impact on Competitiveness and 
Performance, International Journal of Supply 
Chain Management, vol 9, no. 5, 2020. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 


