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THE IMPACT OF LEAN & GREEN SUPPLY CHAIN PRACTICES ON

SUSTAINABILITY: LITERATURE REVIEW AND CONCEPTUAL

FRAMEWORK

Ait Hammou lkram, Oulfarsi Salah, Hebaz Ali

National School of Commerce and Management Chaouaib Doukkali University, Morocco

ABSTRACT. Background: The adoption of lean and green practices, sequentially or simultaneously, in the context of
supply chain management has been recommended by researchers and practitioners as strategies to gain a sustainable
competitive advantage while reducing negative social and environmental impacts. Hence, there is a growing interest in this
topic. This attention is evident through the increased number of publications on lean and green supply chain practices.
However, only a few studies have listed and classified these practices according to the different levels of the supply chain.
Moreover, there is a restricted number of research papers that have highlighted the specific practices that impact each
measurement of sustainable performance. Thus, this research aims to contribute to the literature in the field of supply chain
management by presenting, in a simple and structured way, the different lean and green practices that have been studied by
previous researchers, focusing on their impact on sustainable performance measurements.

Methods: A rigorous literature review in seven steps was followed, based on the study and analysis of 23 research articles
dealing with lean and green practices and their impact on the supply chain’s sustainable performance.

Results: The novelty of this research is that it presents, at the same time (i) a review of lean and green practices used in the
context of supply chain management, and classified based on their citation frequency and level of use (upstream, internal
and downstream), (ii) a focus on the practices that have been empirically studied as having an impact on supply chain’s
sustainable performance, as well as highlighting the indicators that are directly influenced by these practices, and (iii) a
development of a conceptual framework, to present in a simplified way the lean and green practices that have an impact on
one or more sustainable performance dimensions. The results of the study indicated that regarding the different levels of
the supply chain, there is a dominance of practices used internally, with a greater number of lean practices compared to
green practices. In addition, the majority of the practices identified have a positive impact on sustainable performance,
except for some practices, namely « Cooperation with suppliers », « JIT philosophy », « Total Productive Maintenance »,
« Small lot-sizing » and « Reverse logistics », that have shown a disagreement between previous studies. It was concluded
that the supply chain’s environmental performance aspects are the most studied, followed by economic performance, then
social performance

Conclusions: Numerous recommendations are provided to help managers and decision-makers in their choices of lean and
green strategies according to their sustainability objectives, and to guide academics in their future studies on this field.

Key words: Lean Practices, Green Practices, Supply Chain Management, sustainable performance, Conceptual Framework

competitiveness. In this setting, lean and green

INTRODUCTION

In a period of global environmental
degradation, resource depletion, and climate
change, sustainable practices evolved as a
strategy for maintaining balance within
enterprises’ three pillars of sustainable
performance, by addressing stakeholders'
requirements while maintaining market

paradigms have emerged as critical solutions
for  sustainability.  These  approaches,
implemented together, may increase corporate
and supply chain performance while
generating social, economic, and
environmental benefits. With the lean
paradigm, waste is seen as being reduced, and
thus costs as well, quality and productivity
improved, and better utilization of resources
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ensured so that consumers receive more value.
By reducing waste at every stage along the
product lifecycle, including manufacturing,
process, and supply chain management, lean
has the potential to enhance sustainable
performance [Abualfaraa et al. 2020, Cherrafi
etal. 2019, King & Lenox 2001]. On the other
hand, green paradigm aims to eliminate
environmental effects while increasing
ecological efficiency. Companies may be able
to cut their expenses in the long run by
maximizing the use of resources and
minimizing waste [Cherrafi et al. 2019, Farias
et al. 2019, Kovilage 2020, Singh et al. 2020].

In the context of supply chain
management, combining lean and green
paradigms in one integrated approach has
gained popularity among scholars and
practitioners, for instance, Abualfaraa et al.
[2020] carried out a systematic literature
review and identified similarities, differences
and the main success factors to integrate lean
and green to achieve sustainability. Cherrafi et
al. [2019] proposed a model for integrating
lean and green through the use of Gemba-
Kaizen approach to improving firms resources
consumption and environmental performance.
Farias et al. [2019] developed a framework to
assess the performance, practices and
relationships  between green and lean
paradigms. Leong et al. [2019] conducted a
literature review that presented the application,
benefits and synergies of lean and green
paradigms in the manufacturing industry.
Notwithstanding, these growing research
efforts toward lean and green subsequent or
simultaneous implementation and their link
with sustainability, only a limited number of
studies have addressed the integration of the
two strategies in the supply chain and their
influence on different dimensions of
sustainable performance [Galeazzo et al. 2013,
Huo et al. 2019, Rodrigues et al. 2020, Sharma
et al. 2021]. Thus, there are several research
gaps that require further investigation;
empirical results vary from negative to positive
outcomes, leading to ambiguous and
contradictory conclusions. Moreover, many
studies have dealt with the supply chain as an
integrated concept, failing to investigate
whether green and lean practices in each
component of the supply chain, i.e., upstream,
internal, and downstream levels, would have a
different impact on sustainable performance

aspects. [Abualfaraa et al. 2020, Campos &
Vazquez-Brust 2016, Diies et al. 2013, Engin
et al. 2019, Farias et al. 2019, Galeazzo et al.
2013, Garza-Reyes 2015, Huo et al. 2019,
Rodrigues et al. 2020]. Therefore, this paper
aims to review the extant literature, identify
and classify the most important lean and green
practices within the upstream, internal and
downstream levels of the supply chain, also
clarify the relationships between lean and
green practices and the three dimensions of
sustainable performance from a supply chain
perspective, highlighting the performance
measurements that are most impacted by these
practices. This study proposes, as well, a
conceptual framework linking lean and green
practices to sustainable performance three
dimensions. This paper is prepared as follows:
Section 2 presents a literature review. Section
3 illustrates the followed research
methodology. The findings and discussion are
presented in section 4. Finally, Section 5
presents the summarized conclusion and future
research directions.

LITERATURE REVIEW
Lean and Green Supply Chain Management

Lean management is a cost-cutting and
flexibility-based strategy that focuses on
process improvements by reducing or
eliminating unnecessary operations and
wastes. Whereas the green approach has arisen
as an organizational concept based on
decreasing the environmental impact of
operations while boosting resource efficiency
[Azevedo et al. 2012]. Several authors claim
that the adoption of the lean system has well
demonstrated a better use of resources when
successfully implemented, thus, improving
operational performance [Farias et al. 2019,
Galeazzo et al. 2013], while the
implementation of green practices may help to
enhance the efficient use of resources, thus
improving environmental performance [Diies
et al. 2013, Galeazzo et al. 2013, Kovilage
2020].

In the context of supply chain
management, regardless of the fact that their
drivers, tools, and practices diverge, these two
paradigms serve together to improve the
different dimensions of supply chain



http://doi.org/10.17270/J.LOG.2022.684

Salah O., Ikram A. H., Ali H., 2022. The impact of lean & green supply chain practices on sustainability: literature
review and conceptual framework. LogForum 18 (1), 1-13, http://doi.org/10.17270/J.LOG.2022.684

management, hence, they are frequently
employed as complementary strategies. When
it comes to the company’s internal level, lean
management can be used to increase process
performance and product quality and to
optimize the flow of different materials,
through several tools such as Just-in-time (JIT)
or Pull flow, Quality Management Systems
(QMS), Total Productive Maintenance (TPM)
and Value Stream Mapping (VSM) [Campos &
Vazquez-Brust 2016, Carvalho et al. 2010,
Engin et al. 2019, Govindan et al. 2013,
Sharma et al. 2021, Singh et al. 2020, Wu et al.
2015]. While green paradigm focuses on
reducing  resource  consumption  and
environmental impacts using a variety of tools
including Environmental Management System
(EMS), Reduce, Reuse and Recycle (3R) and
Green technology [Campos & Vazquez-Brust
2016, Carvalho et al. 2010, Duarte & Cruz-
Machado 2019, Engin et al. 2019, Govindan et
al. 2013, Hussain et al. 2019]. Regarding the
upstream and downstream levels, lean
management aims essentially to develop long-
term collaborations and partnerships at the
operational scale between the company and its
suppliers and customers, using many practices,
e.g., Geographic concentration from suppliers
[Campos & Vazquez-Brust 2016, Carvalho et
al. 2017, Engin et al. 2019, Sharma et al. 2019]
and Delivery time reduction to customers
[Alqudah et al. 2020]. Green supply chain
management also supports the improvement of
suppliers and customers alliances through
transferring and spreading green awareness by
means of green practices, e.g., Environmental
Management System mandatory for suppliers
and Reverse logistics [Alqudah et al. 2020,
Azevedo etal. 2011, Campos & Vazquez-Brust
2016, Carvalho et al. 2010].

Lean-Green supply chain management
practices and sustainable performance

Through waste reduction and resource
efficiency, the synergy between lean and green
paradigms has been highlighted, resulting in
improved environmental, social and economic
performances. Several studies of how green
and lean strategies can impact supply chain
sustainable performance are provided in the
literature. However, there is a number that
specifies the influence of each practice on a
given economic, social or environmental
performance measurement. Sawhney et al.

[2007] have proposed a framework called En-
Lean, to help companies in developing the
relationship between a set oflean practices and
their environmental impact. It also takes into
account some measures of social performance
such as employees’ health and safety.
Afterwards, this framework was applied to a
metal cutting industry in order to highlight the
overall environmental and social impacts of
lean practices for this specific process. The
results indicate that many of the lean principles
if properly implemented, have a positive
impact on the environmental and social
indicators; « mistake-proofing » and
« employee involvement and empowerment »
are considered as best lean practices that
represent an opportunity for improving
environmental and  social  parameters.
However, the case study shows that there is a
conflict between lean production and
environmental performance. Furthermore, it
should be borne in mind that the framework
developed in this paper and its results only
concern a particular production process. Based
on a literature review, Carvalho et al. [2010]
have developed a conceptual model linking the
different lean and green practices with the
economic, environmental and operational
performance measures of the supply chain,
while highlighting the nature of the impact that
each practice has on each performance
measure. It has been found that lean practices
taken into account in the model contribute
poorly to the environmental performance of the
supply chain, only the relationships with
suppliers contribute to the reduction of the
company's waste. When it comes to green
practices, they have a minimal effect on the
operational and economic performance of the
supply chain. This study has great importance
to discover the impact of each practice on
supply chain performance. However, the
conceptual model was developed based only on
empirical data available in the literature,
without any validation. After having collected
a very significant number of green practices
and classifying them into upstream, focal
company and downstream categories, Azevedo
et al. [2011] have developed a theoretical
framework to understand the influence of these
practices on the economic, environmental and
operational performances of the supply chain.
Then, they have conducted five case studies
from the Portuguese automotive supply chain,
in order to empirically test the influence of
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green practices on the supply chain
performance. They have concluded that
automotive companies implement green
practices to manage their supply chains, as they
consider the implementation of these practices
to be essential to achieve the highest levels of
environmental performance, especially when it
comes to cooperation with suppliers. These
companies consider some measures to be more
appropriate than others for properly assessing
the impact of these practices on the supply
chain performance; the most important one is
« environmental cost », however, it is the least
used measure by companies. They also
consider that specific green practices have a
greater  potential influence on  some
performance measures, such as « waste
minimization », « reverse logistics »,
« environmental collaboration with
customers » and « environmentally friendly
packaging ». Azevedo et al. [2012] have
proposed a theoretical framework aiming to
analyse the influence of upstream lean and
green supply chain management practices on
companies’ sustainable performance. They
have then carried out a case study at a
Portuguese car manufacturer in order to test the
validity of this framework. As a result, it has
been highlighted that the implementation of
lean upstream supply chain practices, such as «
just-in-sequence », « deliveries directly to the
point of use» and «geographical
concentration », enables the improvement of
the economic, social and environmental
performance. Regarding the green upstream
supply chain practices, their implementation
has a positive impact on social and
environmental performances. However, it has
a minor impact on economic performance,
especially when it comes to some practices like
«mandate for a first-tier supplier to have
environmental management  systems »,
« monitoring suppliers’ environmental
performance » and « using green purchasing
guidelines and sourcing from environmentally
responsible  sources». This study has
contributed to the identification of lean and
green practices that impact the three
dimensions of sustainability, but it has only
focused on the upstream supply chain level. In
addition, the results could not be generalized
since only one company in the automotive
industry was studied. Govindan et al. [2013]
have used the interpretive structural modelling
approach to identify the inter-relationships

among lean, green and resilient practices and
different elements of the Portuguese
automotive supply chain performance, namely:
operational cost, business wastage,
environmental cost and customer satisfaction.
They have concluded that the most important
practices that the top management should focus
on to manage the automotive supply chain are
« just-in-time », « flexible transportation » and
« environmentally friendly packaging », which
together contribute to the improvement of
«total quality management », « strategic
stock », « ISO 14001 », « operational cost »,
« business wastage » and « environmental
cost». Then, all of these practices and
performance enhancement lead finally to
« customer satisfaction ». Hence, this study has
recommended the lean, green and resilient
practices, that make the automotive industry
ready to meet customers’ requirements,
providing eco-products with short lead times
and high-quality levels, thus achieving the
economic and environmental objectives.
Nonetheless, social performance has not been
taken into account by this study. Martinez-
jurado & Moyano-fuentes [2013] have
reviewed the existing literature related to the
relationships between lean management,
supply chain management and sustainability.
After having analysed 58 articles, they have
highlighted that the impact of lean practices on
environmental performance is inconclusive
since both positive and negative relationships
were reported from the literature, especially
when it comes to « JIT » practice, which is
undergoing a great debate as to its impact on
«environmental pollution ».  Furthermore,
many studies have stated that the use of lean
practices is important in promoting and
facilitating the adoption of green practices,
thus enabling to reinforce the effect of lean
practices on environmental performance.
Cherrafi et al. [2018] have proposed a
conceptual model linking lean, green and
process innovation practices with green supply
chain performance. They have then conducted
a (questionnaire survey of 374 industrial
companies from 13 different countries all over
the world and used the SEM method to analyse
the data collected with the aim of
understanding the impact of the practices
studied on selected green performance
measures, such as « economic efficiency »,
« cost », « value creation » and
« sustainability ». The results of this research
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have highlighted the best practices that
manufacturing companies can use to improve
the green performance of their supply chains.
Regarding lean practices, the best ones to
implement are «JIT», «set up time
reduction », « cellular manufacturing » and
« waste elimination ». For green practices, the
best ones to be employed include « eco-
design », « life cycle assessment», « green
manufacturing », « reverse logistics », and
«waste management ». Nevertheless, it has
been argued that process innovation practices
do not have a direct impact on the improvement
of green supply chain performance. They do
however reinforce the effect achieved by lean
and green practices. Zhan et al. [2018] have
developed a research model in order to
examine how business and environmental
performances of Chinese organizations are
affected by lean and green practices, and also
to analyse the moderation role of « guanxi » in
this relationship, which is a Chinese concept
based on strong networks with the
organization’ business partners. Through the
application of structural equation modelling on
172 questionnaires’ responses, it has been
concluded that the adoption of lean and green
practices is beneficial to improve the supply
chain business and environmental
performances. Some of the indicators
improved by these strategies include «
reduction of air emissions », « reduction of
wastewater », « decreased consumption of
hazardous/harmful/toxic materials » and «
sales improvement ». In addition, it has been
found that the use of guanxi initiatives is very
essential as a preliminary step, which precedes
the adoption of lean and green practices, in
order to achieve positive results in terms of
business and environmental performances.
Despite the contribution of this study
concerning the existence of a positive effect of
lean and green practices on performance, it
remains limited as it deals with this
relationship in a general way, not specifying
which practices are at the origin of this effect.
Farias et al. [2019] have conducted a
systematic literature review of 65 articles in the
field of lean and green, then they have
developed a conceptual framework that
includes lean and green practices for assessing
operational and environmental performances.
The framework also illustrates how the
practices and performance measures can be
combined for performance assessment

purposes and how lean and green practices can
be used in a synergic way to improve each of
the performance measures. For example,
« energy consumption » can be reduced using
lean practices such as «value stream
mapping », « setup time reduction », «5S »,
« kaizen », « total productive maintenance »,
«cellular  manufacturing », «JIT» and
« standardized work », as well as green
practices such as « environmental management
system», «design for environment »,
«environmental emission control » and
«3R». The strength of this assessment
framework is that it is considered to be an
integrated system, as it treats lean and green
practices as having the same objectives in
terms of improving specific performance
measures, whereas it only assesses the
operational and environmental dimensions of
performance, without taking into account
economic and social aspects.

RESEARCH METHODOLOGY

For the purpose of expanding the scope of
knowledge in the field, an in-depth literature
review was carried out. As initially stated, the
main objective of this research is to clarify the
relationships between lean and green practices
and the three dimensions of sustainable
performance. Thus, the examination of the
literature on lean and green practices
implemented in the context of supply chain
management and their link with sustainable
performance has been done using different
databases. = Numerous  journal  papers,
conference proceedings have been chosen. We
have started with the extraction of lean and
green practices used in the context of supply
chain management, then we have classified
them into three categories: upstream, internal
and downstream practices. Afterwards, in
order to identify the impact of lean and green
practices on supply chain sustainable
performance, we have been most interested in
the studies that have specified the practices that
directly influence each measurement of the
economic, social and environmental aspects.
The steps below were followed:

1. Research purpose: Identify and
classify the most important lean and green
practices within the upstream, internal and
downstream levels of the supply chain, and
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clarify the impact of these practices on the
three pillars of sustainable performance
(economic, social and environmental).

2. Keywords used: Lean, Green, Supply
chain management, Sustainable performance,
Sustainability, Environmental performance,
Social performance, Economic performance

3. Inclusion criteria: Quialified
international scientific publications (journal
papers and conference proceedings), in
English, on the adoption of lean and green
supply chain management practices in an
integrated way and analysing the impact on one
or several aspects of sustainable performance.

4. Exclusion Criteria: Books, reports,
essays and theses were all excluded.
5. Literature Searches: Research on

electronic  databases:  Scopus, Emerald,
Science Direct (Elsevier), Web of Science and
IEEE Xplore. We have also done
complementary research on Google Scholar.

6. Data extraction: 23 papers were
selected to be examined
7. Synthesis and added value: The

creation of two synthetic tables. The first
identifies and classifies the lean and green
practices used at different levels of the supply
chain management, according to their
frequency of citation in the literature. The
second focuses only on studies that have
clarified the impact of these practices on each
of sustainable performance measurements,
allowing us to develop a conceptual framework
to better perceive these relationships.

RESULTS AND DISCUSSION

Classification of lean and green practices
used in the SC context

Table 1 outlines the main lean and green
practices that are used jointly in the supply
chain management, grouped according to the
three levels of the supply chain: upstream,
internal and downstream. Within each of these
categories, we have three types of practices:
lean practices, green practices, and L&G
practices that belong to both the lean and green

approaches. Upstream practices are used to
manage and improve the relationships between
a corporation and its suppliers. A number of 8
upstream practices was gathered from the
literature. Based on the frequency of citation, «
Geographic concentration from suppliers » is
the most identified lean practice in previous
research and « Environmental Management
System (EMS) mandatory for suppliers » has
been found as the most important green
practice. Moreover, only one practice «
Cooperation with suppliers » has been found as
shared between lean and green approaches at
the upstream level. Afterwards, internal
practices are used within the company in order
to improve its operational processes and
efficiency. These are the practices that exist the
most in the literature. According to the papers
reviewed, 27 internal practices were found, 20
of them belong to the lean paradigm headed by
« Just-in-Time (JIT)/ Pull philosophy », while
6 other practices are part of the green paradigm
with « Life cycle assessment (LCA) » as the
most significant one. « Waste minimization »
is the only internal practice shared between
lean and green. The final category includes
downstream practices, which are used by the
company in order to develop and maintain long
term and fruitful relationships with its
customers. « Distribution network
configuration » is the only lean practice found
at this level, « Reverse logistics » is the most
weighted one as a green practice, and «
Cooperation with customers » is the only lean-
green practice found as well. On a final note,
while classifying the different practices, we
have found that « Information spreading
through the network » is a common practice
that can be part of all categories (Upstream,
Internal and Downstream). This practice has a
significant weight in the literature, and it is
considered very important to manage all the
levels of the supply chain. In conclusion, the
literature on supply chain management focuses
more on the internal practices with a strong
emphasis on the lean paradigm, followed by
the upstream practices, then the downstream
practices that are not sufficiently addressed by
the previous papers.
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Table 1. Classification of lean and green practices used in the supply chain

Category  Type Practices 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 Fequency
Geographic conc_entratlon from v v v . v 6
Lean . §upp||ers .
Just-in-Time (JIT) delivery v v v v v 5
Reducing number of suppliers v v v v 4
Environmental Management
System (EMS) mandatory for v v v v v v v 7
Upstream -
suppliers
Green Green purchasing v v v v v v 6
Greenl/less packages from suppliers v v v v 4
Environmental rl_sk sharing with v v 2
suppliers
L&G Cooperation with suppliers v v v v Vv v v v v v v v 8
Just-in-Time (JIT)/ Pull philosophy v v vV Vv V V v v v Vv v v v v v 15
Inventory minimization v v Y v v v Vv v v v 10
Human Resources Management
(HRM) v v v v v v v v v v 10
Quality Management Systems
| ) (QMS) v v v v v v v v v 9
Total Productive Maintenance
(TPM) v v v v v VARVARNG 8
Shorter lead times v v Y v VARVARNS 7
Kaizen/ Continuous Improvement v v v v v v 6
Value stream mapping (VSM) v v v v v 5
Lean Set-up time reduction v v N4 N N 5
Cellular manufacturing v v v v v 5
Total time reduction v v v v v 5
5S v N v v 4
Internal Kanban N N4 N4 N4 4
Quick changeover v v v v 4
Small lot sizing v v v v 4
Work standardization v v v v 4
Sustainable VSM (SVSM) v v v 3
Poka-yoke/ Mistake proofing v v 2
Six sigma v v 2
Innovation management v 1
Life cycle assessment (LCA) v v v v v v v YV v v v v 12
Reduce, Reuse and Recycle (3R) v v v v v v v v v v 10
Environmental Management
Green System (EMS) v VoY vy v v vy v 10
Cleaner production v v v v v v v v 8
Green technology v v v v 4
Efficiency of resource consumption v v v v v 3
L&G Waste minimization v Vv Y v v v vV vV Y v v v v 15
Lean Distribution network configuration v 1
Reverse logistics v v Y v v v v 7
Downstream Green Environmental risk sharing with v v 2
customers
L&G Cooperation with customers v v v v Vv v v v v v Vv 8
Common  Lean Information spreading through the NN, v v v VAV, v v "
network
References

1-Singh et al. (2020); 2-Dtes et al.(2013); 3-Cherrafi et al. (2018); 4-Engin et al. (2019); 5-Martinez-Jurado and Moyano-Fuentes (2013);
6-Campos and Vazquez-Brust (2016); 7-Hussain et al. (2019); 8-Sharma et al. (2019); 9-Duarte and Cruz-Machado (2019);

10-Zhu and Sarkis (2004); 11-Kainuma and Tawara (2006); 12-Carvalho et al. (2010); 13-Azevedo et al. (2012); 14-Govindan et
al.(2013); 15-Duarte and Cruz-Machado (2014); 16-Hajmohammad et al. (2013); 17-Carvalho et al. (2017); 18-Verrier et al. (2016);
19-Sawhney et al. (2007); 20-Wu et al. (2015); 21-Espadinha-Cruz et al. (2011); 22-Azevedo et al. (2011); 23-Zhan et al. (2018)
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Impact of lean & green practices on
sustainable performance

Relationships between lean and green
practices and sustainable performance of the
supply chain are shown in Table 2, linking each
practice to the performance measurement it is
able to influence. These results are very useful
to identify the performance measurements that
are more sensitive to various lean and green
practices, in the context of supply chain
management.

In fact, the majority of the practices
presented in this table impact positively the
different performance measurements, hence,
we will focus more on those that disagree with
performance results. Starting with the
upstream practices, « Cooperation with
suppliers » is one of the most important
practices to be used to manage supply chains,
however, according to Sawhney et al. [2007],
its impact on LCA and employee’s health and
safety may be positive or negative depending
on materials purchased. When it comes to
internal practices, the adoption of « JIT
philosophy » based on a pull system is the most
influential one. This practice is undergoing a
great debate in the literature, especially with
regard to environmental aspects. According to
the articles reviewed, JIT has a positive impact
on green image [Azevedo et al. 2012, Farias et
al. 2019], business wastage [Azevedo et al.
2012, Govindan et al. 2013], cost [Azevedo et
al. 2012, Carvalho et al. 2010, Govindan et al.
2013], ROA, cash-to-cash cycle and efficiency
[Carvalho et al. 2010], as well as employee’s
health and safety [Sawhney et al. 2007].
However, disagreement is about LCA, which
allows the quantification of energy, water and
materials usage and environmental releases.
Thus, while Sawhney et al. [2007], Farias et al.
[2019] and Cherrafi et al. [2018] stated that JIT
impacts positively the LCA measurement,
Azevedo et al. [2012] and Martinez-jurado &
Moyano-fuentes [2013] outlined that this may
have a negative impact on supply chain’s
environmental performance. Along the same

lines, « Total Productive Maintenance » is also
a vital practice to improve supply chain’s
performance in terms of green image [Farias et
al. 2019], cost, ROA, efficiency [Carvalho et
al. 2010] and employee’s safety [Sawhney et
al. 2007]. Nevertheless, this lean practice can
have a negative impact on LCA due to more
wastewater, energy use, packaging materials,
plastic wraps and paper used during frequent
maintenance operations [Sawhney et al. 2007].
Another practice under conflict in the literature
is « Small lot-sizing », which causes increased
air pollution, more energy use and increased
wastages, impacting  negatively LCA
measurement and employee’s health [Sawhney
et al. 2007]. Furthermore, « Reverse logistics »
is a downstream practice that has several
positive impacts on LCA, benefits and LCA
measurements [Azevedo et al. 2011] as well as
business wastage, however, it may also have
negative impacts because it represents an
additional environmental cost for the
organization [Carvalho et al. 2010]. Finally,
we can notice that the supply chain’s
environmental performance aspects are the
most studied by previous research, followed by
economic performance, then social
performance.

Conceptual framework

In order to simplify the identification of
lean and green practices impacting each
dimension of sustainable performance, we
have developed the conceptual framework
(Fig. 1). Thus, from this conceptual
framework, we can identify the lean, green and
L&G practices that have an impact on:

- Environmental performance alone,

- Economic performance alone,

- Economic and environmental,
performances

- Environmental and social
performances, and

- Economic, environmental and social
performances
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Table 2. The impact of lean and green practices on the supply chain's sustainable performance

Category

Type

Measurements

Practices

Environmental performance

Economic

performance

Social performance

Environmental Green
costs image

Business
wastage

assessment

Life cycle

(LCA)

Return

Cost Assets

Cash
to cash Efficiency

cycle

Corruptio

risk

Supplier

Local

Employee’s Employee’s
health

screening suppliers

safety

(ROA)

Upstream

Internal

Downstream

Common

Lean

Geographic
concentration from
suppliers
Reducing number of
suppliers

Green

Green purchasing
EMS mandatory for
suppliers

L&G

Cooperation with
suppliers

Lean

JIT/ Pull philosophy

TPM
QMSs
Set-up time reduction
Cellular
manufacturing
Poka-yoke
Quick changeover
Small lot sizing
VSM
Kaizen
55
HRM
Work standardization

PR e

A B Bs b

Green

EMS
Green packaging
Reduction of toxic

materials
3R
Eco-design

N O W w

L&G

Waste minimization

Green

Reverse logistics

L&G

Cooperation with
customers

g o] w
o

Lean

Information spreading
through the network

2

References

Lean practices
Green practices
Lean & Green practices

1-Carvalho et al. (2010); 2-Azevedo et al. (2012); 3-Govindan et al. (2013); 4-Sawhney et al. (2007); 5-Azevedo et al. (2011); 6-Farias et al. (2019);
7-Cherrafi et al. (2018); 8-Martinez-Jurado and Moyano-Fuentes (2013)
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Fig. 1. Conceptual framework of lean & green practices and their impact on sustainable performance

It can be noticed that, based on the papers
examined, there are no practices that impact

either the social performance alone or the
economic and social performances together.



http://doi.org/10.17270/J.LOG.2022.684

Salah O., Ikram A. H., Ali H., 2022. The impact of lean & green supply chain practices on sustainability: literature
review and conceptual framework. LogForum 18 (1), 1-13, http://doi.org/10.17270/J.LOG.2022.684

CONCLUSION

Successful integration of lean and green
practices within firms supply chain levels
requires a complete understanding to
determine the set of practices that have the
most important contribution to improve each
component of sustainable performance. This
was the reason behind this research paper,
which aims to review the extant literature in the
field of lean and green supply chain
management.

This research is important and relevant to
other scientists in the same field since it
identified and classified the most important
lean and green practices within the upstream,
internal and downstream levels of the supply
chain. It also clarified the relationships
between lean and green practices and the three
dimensions of sustainable performance from a
supply chain perspective.

In addition, the conceptual framework
developed by this paper is a very important
tool, allowing to focus on lean and green
practices that have an impact on one or more
sustainable performance dimensions. This
might be helpful for managers and decision-
makers concerned with supply chain
management, in several ways. Our results can
help companies looking for new solutions to
improve their supply chains, by showing the
powerful outcomes of combining lean and
green practices on sustainability results,
especially when it comes to the environmental
side. Thus, this paper proposed to these
companies the most important lean and green
practices, enabling them to meet the
requirements of their stakeholders, by
enhancing their profitability, while being
socially and environmentally responsible. On
the other hand, if the company is already using
lean and green practices, our results help to
make an assessment in order to identify which
practices to keep, which to eliminate, and
which to add, depending on sustainability
objectives. It would also be preferable to be
careful with lean and green practices that have
shown conflict in the literature. For example, if
the company aims to improve economic,
environmental and social results at the same
time, it would be recommended to focus on the
following practices: « Geographic

concentration from suppliers » and « Green
purchasing », while being vigilant towards the
practices « Cooperation with suppliers », « JIT
», « Total Productive Maintenance » and «
Small lot-sizing », in an effort to take
advantage of their positive impacts and avoid
any potential negative effects.

However, this study has certain
limitations that might be transformed into
further possibilities for future research.
Particularly, a systematic literature review and
an empirical evaluation of lean and green
supply chain management practices on a firm’s
sustainable performance, with a focus on the
social aspect which has not yet been
sufficiently studied. Therefore, this study will
be extended into an empirical investigation in
order to identify the most used lean and green
practices within the supply chain and their
classification according to the degree of
importance.

We would also like to point out that the
results of this paper are based on previous
empirical studies. Nevertheless, there are a
very large number of lean and green practices
that have not been empirically tested in terms
of their impact on sustainable performance. It
is for this reason that we recommend that more
practices be the subject of future empirical
studies, in order to identify other lean and
green practices that may be advantageous for
sustainability improvement. Also, synergies
and trade-offs between lean and green
paradigms in the supply chain perspective have
not been considered in this research. Therefore,
future research might be conducted in this area.
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GREEN CONCEPTS IN THE SUPPLY CHAIN

Piotr Cezary Sosnowski

University of Lodz, £.6dz, Poland

ABSTRACT. Background: Reducing negative environmental impacts has become a significant managerial issue. It
includes also supply chain participants, e.g., by introducing such concepts as green supplier evaluation or green supplier
development.

The goal of this paper is to identify concepts aimed at reducing negative environmental impacts in the supply chain (the
“green concepts”) and to determine their scope of use.

Methods: The research method used in this paper is the review of the existing literature. The reviewed literature is related
to the area of reducing negative environmental impacts in supply chain.

Results: The results concern the classification of green concepts in supply chain and determining their scope of use,
including green supply chain management, green purchasing and green supplier development.

Conclusion: The main research implication is providing a basis for further research related to reducing negative
environmental impacts in supply chain. It includes also identifying relationships between these concepts and observable
trends in the global economy, such as sharing economy and circular economy. The results might also contribute to
implementing the green concepts in companies interested in reducing negative environmental impacts in their supply
chains. The originality of this work lies in taking into consideration various concepts aimed at reducing negative
environmental impacts and discussing them in the context of the supply chain.

Keywords: green supply chain management, green purchasing, green supplier development, green concepts, supply chain

management, environmental impacts

INTRODUCTION

Reducing negative environmental impacts
is becoming increasingly important in
management. This also applies to supply chains.
The importance of reducing negative
environmental impacts in the supply chain was
described, among others, by R. Sroufe [2006, p.
12]. Environmental issues relevant to the supply
chain include location and method of extraction
of raw materials, energy and material capacity
of the business, environmental performance,
emission level, mode of transport, mode of
packaging, reusability, technologies and
methods of production and eco-innovations
[Rudnicka, 2011, p. 165].

The goal of this paper is to identify
concepts aimed at reducing negative
environmental impacts in the supply chain (the
“green concepts”) and to determine their scope
of use.

NEGATIVE ENVIRONMENTAL
IMPACTS IN SUPPLY CHAIN

Different areas of the supply chain have
different environmental impacts. These include
emissions of solid waste, wastewater and
atmospheric pollutants. During the extraction of
non-renewable natural resources, the landscape
degrades, and soil, water and air are polluted.
During production, material goods and energy
are consumed. Furthermore, packaging and
hazardous substances are used. In addition,
emissions of solid waste, wastewater, gas,
vibration and noise emissions occur. Energy is
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also consumed during transport. On the other
hand, one of the effects of using a finished
product is the production of waste associated
with this product, which can contaminate the

soil, water or air. The different types of negative
environmental impacts, considering the related
areas of the supply chain, are presented in
Tablel.

Tablel. Types of negative environmental impacts

Supply chain area

Types of negative environmental impacts in the supply chain

All

Emissions of solid waste;

atmospheric emissions (including CO,)

Extraction of natural resources

Depletion of non-renewable raw materials; energy consumption;
water consumption; landscape degradation; reducing biodiversity;

soil, water and air pollution (including chemical pollution); eutrophication; vibrations; noise

Transport and distribution

Leaks; energy consumption; vibrations; noise

Production

Manufacturing and use of dangerous substances; resource consumption; energy consumption;
water consumption;

waste generation; the use of packaging; heat emissions; wastewater emissions; vibrations;
noise; use of chemicals in consumables

Use of the finished product

Excessive consumption; emissions associated with improper use of the finished product; lack
of (or improper) management of waste; soil, water and air pollution (including chemical
pollution); exposure to dangerous substances; returns of finished products

Stage after the end of use

Pollution of soils, water and air (including chemical pollution) by waste

Source: own study based on: Kalinowski et al., 2019, pp. 144-145; Preuss, 2006, pp. 218-221.

Researchers also identify a significant role
for environmental management in the supply
chain. C. Y. Wong et al. describe the inclusion
of environmental management in the supply
chain as a way to build a green supply chain
[Wong etal., 2015, pp. 59-60]. M. Urbaniak, on
the other hand, points to the essential role of
environmental management in building a
competitive advantage [Urbaniak, 2018, p.
139]. Furthermore, S. Y. Lee and R. D. Klassen
described the essential importance of
environmental management in building a green
supply chain, and stressed the importance of
monitoring and collaborating with suppliers for
the development of environmental management
capabilities among suppliers [Lee and Klassen,
2008, p. 583].

ENVIRONMENTAL MANAGEMENT
IN SUPPLY CHAIN

As defined by R. D. Klassen and C. P.
McLaughin, environmental management
means, in all efforts, to minimise the negative
environmental impact of products throughout
their life cycle [Klassen and McLaughlin, 1996,
p. 1199].

Environmental management is also
influenced by the supply chain actors: suppliers,
clients, employees and competition. Suppliers
have a negative impact on the environment and
their clients decide whether and how they will
respond to such impacts: whether they apply
environmental criteria for assessment or
environmental evaluation of suppliers (green
supplier evaluation), or take other actions
related to environmental cooperation or
collaboration with them [Sosnowski, 2019, pp.
333-334].

The motivation for supply chain actors is
provided by their clients and their competitors.
For clients, this includes, but is not limited to,
environmental requirements for products,
services and processes related to their
production and provision. In the case of
competition, this includes, but is not limited to,
competing by meeting the environmental
requirements of consumers. In turn, employees
of supply chain companies are involved in
activities that have an impact on reducing
negative environmental impacts [Rudnicka,
2016, p. 70]. The impact of supply chain actors
on environmental management is described in
Table2
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Table2. Impact of supply chain actors on environmental management
Supply chain actors Impact on environmental management
Suppliers Generation of polll_Jtant emission; and consumption of material goods and energy affecting product life
cycle assessment; impacting environmental risk levels
Placing environmental requirements on products and services and processes related to their production
Clients and provision; participating in the life cycle of the product; deciding on the degree of acceptance of
implemented eco-innovation
Employees Participation in actions affecting the reduction of negative environmental impacts
Competition Meeting the environmental requirements of your audience, which motivates you to take similar action

Source: own study based on: Rudnicka, 2016, p. 70.

Supply chain actors are an intermediate
link between their clients and suppliers. In the
context of environmental management, this
means, on the one hand, meeting the
environmental requirements of its clients and,
on the other hand, placing environmental
requirements on its suppliers. Employees who

16
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Figure 1. The bibliometric analysis timeline

work to reduce negative environmental impacts
in their company and competitors who meet the
environmental expectations of their clients are
also important. thus provide an incentive for
other market actors to compete in this area.

2007-2011

2012-2016 2017-2021
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THE OVERVIEW OF GREEN sustainable supply chain management. An

CONCEPTS IN SUPPLY CHAIN

Green concepts that relate to the supply
chain can be distinguished. Some of them relate
to elements of supply chain management, such
as purchasing process management, supplier
relationship management, supplier
development or the implementation of
environmental innovations in the supply chain
[Ocicka, 2014, p. 7276]. These include such
concepts as green purchasing [Bai and Sarkis,
2010, p. 1201; Dubey et al., 2013, pp. 188-189],
green supplier development [Bai and Sarkis,
2010, p. 1201] and reverse logistics [Rogers
and Tibben-Lembke, 2001, p. 130].

The bibliometric analysis timeline is
presented in Figure 1.

The literature review was conducted in
July and August of 2021. There was no criterion
related to the time of publication. Articles taken
into account were published between 1996 and
2021. It should be noted that the relative
majority of reviewed sources (28 out of 46)
were published during the last decade. It points
out the increasing significance of the focal topic
in management science.

Some green concepts concern the supply
chain as a whole. This includes the creation of
closed-loop supply chains. Furthermore, a green
concept that is particularly important in the
context of this dissertation is green supply chain
management. It combines environmental
management and supply chain management,
considering the use of tools such as green
supplier evaluation. Other green concepts
concern specific elements of supply chain, e.g.
green manufacturing [Malek and Desai, 2020,

p. 9].

Green concepts in the supply chain can
also include concepts related to sustainable
development that concern not only
environmental issues but also economic and
social issues. In this approach, green concepts
in the supply chain also include sustainable
purchasing, sustainable supplier management,
sustainable  supplier  management  and

overview of green concepts in the supply chain
is presented in Table3 It can be observed that
the above-presented concepts can provide a link
not only with the relevant area of the supply
chain but also with sustainable development.
This is important because one of the dimensions
of sustainability is the environment. In addition,
all the above concepts, except for green
manufacturing, are directly related to
cooperation with suppliers. This demonstrates
the indirect link between these concepts and
buyer-supplier relationships. It should also be
noted that the concepts presented above are not
disjointed. Some of them are even treated as
elements of other concepts, such as green
purchasing, which can be considered both as a
separate green concept in the supply chain and
as part of the green supply chain management
concept.

Other concepts that are more indirectly
related to reducing negative environmental
impact in supply chain include: sharing
economy [Govindan et al., 2020, p. 2], circular
business models (circular economy) [Bocken et
al., 2019, p. 4].

FINDINGS AND DISCUSSION

There are several green concepts included
in the overview. Some of them are related to the
concept of sustainability (sustainable supply
chain management, sustainable purchasing
sustainable  supplier  development  and
sustainable supplier management). Hence, these
concepts are focused not only on environmental
issues but also economic and social issues. In
the case of sustainable supply chain
management, it includes sustainable aspects of
all supply chain actors [Karaosman et al., 2020,
pp. 660-661].

Also, three described concepts are related
directly both to building relationships in the
supply chain (hence, building a supply chain)
and reducing negative environmental impacts:
green supply chain management, green
purchasing and green supplier development.
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Table3. Overview of green concepts in supply chain

Concept

Description

Reverse logistics

The process of planning, implementing and controlling the efficient, cost-effective
movement of raw materials, stocks, finished products and related information from the
place of consumption to the place of origin with a view to recovery or production of value
or proper disposal

Closed-loop supply chain
management

Design, control and operate the system to maximize value creation throughout the product
lifecycle with dynamic value recovery with different types and magnitudes of returns over
time

Green supply chain management

Integrating environmental thinking into supply chain management, including product
design, sourcing and raw material selection, manufacturing processes, final product
delivery to end-users, and post-use product management

Green distribution*

Distribution management including measuring and reducing negative environmental
impacts

Green logistics*

Efforts to measure and reduce the negative environmental impact of logistics activities

Green manufacturing™

Production management including measuring and reducing negative environmental
impacts

Green purchasing, green procurement,
green supply management,
environmental purchasing,
environmental purchasing and
suppliermanagement*

Management of the purchasing process including measuring and reducing negative
environmental impact, including the inclusion of environmental criteria in supplier
selection and evaluation of suppliers in terms of the results of their environmental
activities

Green supplier development*

Supplier development aimed at increasing supplier environmental performance

Sustainable purchasing

Integrating environmental, social, ethical and economic issues into the management of the
organisation's external resources in such a way that the supply of all the goods, services,
capabilities and knowledge needed to run, maintain and manage the core organisation and
support actions provide value not only to the organisation but also to society and the
economy

Sustainable supplier development

Supplier-oriented development focused on achieving their environmental and social
objectives

Sustainable supplier management

Economic, environmental and socially efficient supplier management

Sustainable supply chain management

Managing the flows of goods, information and capital and working with other actors in
the supply chain integrating the three dimensions of sustainable development: economic,
environmental and social

* also mentioned as green supply chain management practices

Source: own study based on: Bai and Sarkis, 2010, p. 1201; Dubey et al., 2013, pp. 188-189; Foerstl et al., 2010, p. 118;
Guide and Van Wassenhove, 2009, p. 10; Pagell et al., 2010, p. 58; Rogers and Tibben-Lembke, 2001, p. 130; Sancha et al.,
2015, p. 95; Seuring, 2013, p. 1514; Sosnowski and Bojanowska, 2018, p. 128; Srivastava, 2007, pp. 54-55; Tate et al., 2012,
p. 174; Wilding et al., 2012, p. 489; Zsidisin and Siferd, 2001, p. 69.

GREEN SUPPLY
MANAGEMENT

CHAIN

The first green supply chain management
studies were produced in the last years of the
20th century to characterise environmental
management activities in the supply chain
[Sarkis, 1998, pp. 162-163]. According to some
scholars, e.g. A. Maryniak and S. Laari, green
supply chain management combines supply
chain  management with  environmental
management [Laari et al., 2017, p. 1304,
Maryniak, 2017, p. 13]. In this respect, green
supply chain management can be defined as the
implementation of environmental management
in the supply chain [Srivastava, 2007, pp. 53—
54] This is important given the indications that
the development of supply chain management is

related to green supply chain management
[Nelson et al., 2012, p. 33].

To discuss the concept of green supply
chain management, it is necessary to establish
the meaning of the term 'green supply chain'.
According to J. Witkowski and A. Pisarek, the
green supply chain distinguishes the traditional
supply chain from the traditional one, among
others, by its purpose. The traditional supply
chain aims to maximise profits and minimize
costs throughout the supply chain. The green
supply chain, on the other hand, aims to reduce
resource consumption and negative
environmental impacts throughout the supply
chain. In addition, the green supply chain is
operating to build a closed-loop supply chain,
and all stakeholders of the company are focused
on end-users [Witkowski and Pisarek, 2017, p.
18].
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The management of the green supply chain
should consider not only flows of goods,
services, information and capital but also waste
[Sarkis, 2012, p. 209]. It is also indicated that
the implementation of the green supply chain
management concept can be a step towards the
implementation of sustainable supply chain
management concepts which take into account,
in addition to the economic and environmental
dimension, the social dimension, in line with the
principles of sustainable development [Tundys,
2018, p. 99].

GREEN PURCHASING

The green purchasing concept
incorporates the reduction of different types of
negative environmental impact in the
management of the purchasing process [Dubey
et al., 2013, pp. 88-89]. This is an element of
green supply chain management that is directly
related to the green supplier evaluation [Sarkis,
2014]. The implementation of the green
purchasing concept may be motivated by end-
user requirements, applicable regulations and
expected economic benefits [ElTayeb et al.,
2010, p. 224].

Green purchasing practices are an
instrument for the implementation of green
purchasing practices. These include, but are not
limited to, activities related to the green supplier
evaluation, such as the environmental audit of
suppliers, the environmental certification of
suppliers by an independent body, the
assessment of the life cycle of the material good
purchased, the requirement for the supplier to
implement and maintain an environmental
management system not necessarily certified by
a third party, and the requirement for suppliers
to disclose the specific characteristics of the
material good purchased, e.g. in the form of
environmental labels or declarations [Bowen et
al., 2006, p. 159]. Green purchasing practices
also include the use of environmental checklists
[Chien and Shih, 2007, p. 384] to conduct
environmental activities [Bowen et al., 2006, p.
159; Sarkis, 2014, p. 15].

It should be noted that the company's
commitment to environmental issues translates
into its purchasing opportunities [Large and
Gimenez Thomsen, 2011, p. 181] and
implementing the concept of green purchasing

translates into economic efficiency [Green et
al., 2012, p. 299]. In addition, positive links
have been demonstrated both between the
implementation of green purchasing and the
increase in the efficiency of purchasing
management understood as a function of the
company and between the implementation of
green purchasing and the increased purchasing
efficiency if the company maintains a
partnership with suppliers [Gonzalez-Benito et
al.,, 2016, p. 319]. Furthermore, there is a
positive correlation between taking
environmental considerations into account in
the purchasing process and increasing the
effectiveness of environmental activities and
the competitive advantage of the company
[Ferri and Pedrini, 2018, p. 886].

GREEN SUPPLIER DEVELOPMENT

Supplier  development incorporating
environmental activities, referred to as green
supplier development or environmental supplier
development, means the efforts to increase the
effectiveness of the environmental activities of
suppliers [Bai and Sarkis, 2010, p. 1201]. This
is done primarily by interacting with them, the
use of supplier evaluation and taking into
account the type of relationship with [Sarkis,
2014, pp. 19-21; Urbaniak et al., 2021, p. 2].
Overall, supplier development is influenced by
factors such as effective communication,
partnership approach, mutual involvement of
the supplier and the client in cooperation and
support of top management [Sillanpéd et al.,
2015, pp. 230-231]. The partnership approach
implies the possibility of the importance of the
type or duration of the relationship between the
supplier and the client in terms of carrying out
supplier development activities [Wagner, 2011,
p. 281].

Among the areas of green supplier
development activities are exchange and
communication of knowledge on environmental
issues (green knowledge), exchange of
resources and management practices [Bai and
Sarkis, 2010, p. 1202]. The first area includes
knowledge exchange and communication
activities aimed at reducing the negative
environmental impact of the supplier, such as
the training of suppliers in this field and the
evaluation of suppliers taking into account
environmental criteria. In turn, the exchange of
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resources and investments takes into account
the sharing of material goods and capital with
the supplier for the same purpose. Management
and organisational practices, on the other hand,
include all other organisational and
management activities aimed at reducing the
various negative impacts of suppliers on the
environment, such as the implementation of
green practices, environmental contracting and
green supplier development, eligibility criteria
for suppliers to implement green supplier
development.

CONCLUSION

To summarize, there are several concepts
directly related to related directly to building
relationships in the supply chain and reducing
negative environmental impacts. They are
related either to the supply chain as a whole
(green supply chain management) or to specific
areas of the supply chain. Despite of limiting the
scope of use, some of them affect directly more
than supply chain link, e.g., green purchasing
and green supplier development.

However, results reducing negative
environmental impacts by introducing these
concepts depend, among alia, on management
approach. Possible  factors affecting
effectiveness of introducing green concepts in
supply chain are performance measurement
system and cooperation and collaboration with
other supply chain actors.

It should be noted that the essential
element of both green purchasing and green
supplier development is green supplier
evaluation, which can provide a basis for
environmental cooperation between buyer and
supplier. However, the scope of practical
implementation of these concepts in a company

may vary (see: Implication for business
practice).

IMPLICATION FOR FUTURE
RESEARCH

All the identified green concepts in the
supply chain are related directly or indirectly to
reducing the negative environmental impacts.
The main recommendation for future research is
a study of relationships between these concepts

and observable trends in the global economy,
such as sharing economy and circular economy.

The results might provide a way of
introducing identified green concepts in the
context of an economy based on either (or both)
shareability and/or circularity.

IMPLICATION
PRACTICE

FOR  BUSINESS

Implementation of concepts described in
this paper may result in reducing negative
environmental impacts in companies. The
profitability of such action depends on the
region of operations, targeted market, business
sector, and legal regulations related to business
processes and products.

Hence, the introduction of such concepts
as green purchasing should be preceded by the
research of these areas.
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ABSTRACT. Background: Germany is the largest plastic consumer in Europe. On average some 400g of plastics are
used by its citizens. Despite promoting circular economy (CE) systems almost 60% of plastics are burned, recovering the
thermal energy, however leaving an additional CO»-Footprint. This increased emission does not only negatively
contribute to climate change but also translates to poor sustainability metrics, lacking behind industry trends. The
objective of this article is to review and provide an overview of the current trends of the German packaging industry with
a focus on sustainability. This is important to understand the future opportunities and risks concerning the industries'
economic development.

Methods: This review article is based on a primary literature review of key authors within the respective field. As an
additional criterion, only articles published not before 2013 have been included.

Result: The German packaging industry is experiencing decreasing production rates and prices between 2018 and 2021.
While general trends are shifting towards sustainability and responsible consumption, the majority of plastics are used for
energy recovery. Following that the German packaging industry is driven by three key trends, (i) Packaging Materials,
(i) Packaging Design and (iii) Smart Packaging. Improving sustainability can be identified as the leading driver in all the
mentioned trends. The industry is rapidly shifting towards circular systems giving high importance to social value and
well-being.

Conclusion: This study analyses and contributes to our understanding of the German packaging industry. It provides a

deeper insight into the current market, its challenges and discusses overall key trends.

Keywords: Circular Economy, Sustainable development, Packaging Industry, Trends

INTRODUCTION

The plastics and packaging industry is a
growing concern to the public, worldwide.
Hence the industry faces increasing pressure
from the public and legislation to reduce
plastic waste, emission and its carbon
footprint, thus to becoming more sustainable.
Energy recovery, waste management and
recycling are just a few examples of current
challenges. Global relevance is given as the
plastic industry is contributing about 19% of
the total remaining carbon budget before
reaching the 1.5°C goal [Bailey et al., 2021,
Fuhr et al., 2019].

Germany is the largest plastic consumer
in Europe, responsible for over 24% (12Mt p.a.
in 2019). The German consumer uses about
400g of plastics a day. The amount of
packaging material is increasing in past years
given the retail development and logistics,
accelerated by COVID at the Business-to-
Customer (B2C) market.

Over 40% of plastics are manufactured
for packaging materials [Plastics - the Facts
2020, 2020]. The second-largest consumer of
plastic is construction with 20%. Polyethylene
(HD/LD PE) and polypropylene (PP) are the
two most common polymers used in 40% of all
materials [Plastics - the Facts 2020, 2020].
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Notably, the majority of plastics is used in
energy recovery once their primary purpose
(e.g., packaging) has been completed. Almost
60% of plastics in Germany are used for
energy recovery, compared to the European
average of 43% [Plastics - the Facts 2020,
2020]. Thirty-nine percent are recycled (vs.
32% in EU) and less than 1% disposed (vs.
25% in EU) [Plastics - the Facts 2020, 2020].
Whilst production of plastic in Germany
decreased by 5% between 2018 and 2021,
prices declined by 11% during the same period
[Herrmann et al., 2021].

These recent developments and increasing
social focus led to a renewed interest and pose
disruptive threats to the German packaging
industry. Sustainability e.g., a revised product
life cycle, product innovation and socially
responsible consumption are believed to be the
main industrial domains.

The purpose of this paper is to review
current trends in the German packaging
industry and to highlight their effects on
climate change. The remaining part of the
paper proceeds as follows: The next chapter
will lay out the fundamentals in the packaging
industry based on a recent survey, followed by
a discussion of the implications for the future.

TRENDS
INDUSTRY

IN THE PACKAGING

The German packaging industry is under
continuous development. The large number
and variety of its customers led to a
multifactorial market environment for this
industry. Nevertheless, general trends can be
seen and described. Based on a recent survey
performed by Blass et. al in 2021 with 108
Industry representatives, key trends could be
identified [Blass and Feef3, 2021], presented in
Table 1.

Table 1. Trends in the packaging industry highlighting their impact areas.

Trends

Impact areas

Packaging Material

Circular Economy

Increased use of Recycled material

Mono materials

Packaging Design

E-Commerce optimized design

Ecologically optimized design

Brand experience

Smart Packaging

Quality Control

Watermark

Track & Trace

PACKAGING MATERIAL

The Packaging Material and chemical
composition is the key element defining
characteristics [Dobrucka, 2019]. Sustainable
development starts with the selection of the
proper material. Climate change and resulting
legislation thereof emphasize the importance to
consider a products life cycle, with Circular
Economy (CE) as the leading area of influence
in the industry, being supported by the

increased use of recycled material and the use
of mono materials. The latter two facilitate a
transition towards CE sharing the "4R"
(Reduce, Reuse, Recycle, Recover) discussed
by Kirchherr et al. [Kirchherr et al., 2017;
Potting et al., 2017; Reike et al., 2018]. CE has
the goal to establish a closed loop supported by
the economic system.

Kirchherr et al. defined CE by analysing
and combining 114 definitions derived from
the linear economic model [Kirchherr et al.,
2017]. Linear economy suggests recovery. The
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energy will be recovered once having fulfilled
the primary purpose [Kirchherr et al., 2017;
Potting et al., 2017]. This is the case for 60%
of plastics in Germany. Extending the lifespan
of products and/ or their parts increases
circularity. Recycling is the next step towards
the circular economy. It is defined by the
processing of material to obtain a comparable
product quality [Kirchherr et al., 2017; Potting
et al., 2017]. This goal can be reached through
the incorporation of new materials. Reusing
materials and products by other consumers
supports the extension of the life span
[Kirchherr et al., 2017; Potting et al., 2017].
Continuous innovation, reduced use of
materials and higher efficiency reduction of
materials should be sought in a CE system
[Kirchherr et al., 2017; Potting et al., 2017;
Wolf et al., 2021].

Korhonen et al. conclude that circular
systems have three elements in common. Such
systems are (i) closed cycles, use (ii)
renewable energy and follow a (iii) system
thinking approach [Korhonen et al., 2018a].
This definition is close to other researchers
arguing that (iv) social inclusiveness is also a
key element of circular economy [Korhonen et
al., 2018a, 2018b].

Closed cycles are defined through zero
waste, as all residual streams, including both
materials or energy, are the feedstock of new
products. To reach this goal high material
quality needs to be maintained and the life
cycle conceptualized [Geissdoerfer et al.,
2020; Korhonen et al., 2018b].

The required energy in circular systems is
also subject to a waste-free generation
minimizing the impact on external systems
such as but not limited to the environment
using renewable sources [Korhonen et al.,
2018a]. However, following the laws of
thermodynamics energy cannot be recycled
and closed loops established.

The circular economy is based on a full
life cycle analysis of materials. Thus,
connecting and requiring a high level of
collaboration across all levels. This includes
packaging design, production, use, reuse,
recycling and recovery [Kirchherr et al., 2017;
Korhonen et al., 2018a; Reike et al., 2018].

Social inclusiveness can be seen as an
intrinsic factor of circular systems. In contrast
to linear systems circular systems facilitate a
transition towards a shared economy
increasing interdependencies among all actors
[Geissdoerfer et al., 2020; Korhonen et al.,
2018a]. This empowers self-organized social
systems fostering the importance of social
value rather than personal gains.

The implementation of CE systems in the
food or beauty industry is challenging. On the
one hand, these industry faces strong
regulations associated with product safety.
Additionally, there is only limited recycled
HD/ LD PE or PP are available [Blass and
Feel3, 2021]. On the other hand, the economic
cost benefits of new "virgin™ plastic materials
often outweigh the sustainable benefit of
recycling [Blass and Feef3, 2021].

This is often the case as complex
composite Packaging Materials are used and
desegregated waste collection is in place
significantly decreasing recycling efficiency
thus increasing costs. Moreover, international
product standards need to be established to
provoke sustainability and circularity across
the entire value chain throughout country
borders [Blass and FeeB, 2021; Coelho et al.,
2020]. This has to be analysed and reviewed
for each material individually. The case of
fully recycled PET clearly demonstrated the
feasibility.

PACKAGING DESIGN

Packaging Design is an important area
having a direct influence on used materials,
logistics and  lifespan, translating to
sustainability. In the light of recent years
especially e-commerce, optimized Packaging
Design and brand experience developed in the
industry.

E-commerce is a key area of influence
and the main driver within Packaging Design.
The positive development and the significant
increase of B2C packages between pre covid
2019 and 2020 support this [Esser and Kurte,
2021]. Unboxing videos and other publicity
through various channels are used to increase
the audience and reach. E-commerce is
antimonic to sustainability. Research into the
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environmental impact compared to traditional
in-store  shopping revealed, that GHG
emissions can be up by the factor of 3 - 6
[Carling et al., 2015; Escursell et al., 2021; van
Loon et al., 2015].

The ecologically optimized design tries to
reduce environmental impact by light-
weighting, using mono materials, simplifying
recyclability and extending the life span.
According to the Ellen MacArthur Foundation,
80% of the environmental impact of packaging
are defined within its design phase [“Ellen
MacArthur Foundation,” 2021]. Optimized
Packaging Design has become a value for
consumers. Blass and Fee demonstrated the
consumers' willingness to pay for sustainable
design [Blass and Feel3, 2021].

Nowadays, Packaging Materials have
become a multipurpose product being
integrated into the customer journey and brand
experience. The package has developed
towards a marketing instrument.

SMART PACKAGING

Product digitalization is one innovation
area in the packaging industry. In the context
of this article Smart Packaging refers to active
and intelligent functionalized packaging
systems. Active packaging systems interact
with transported goods by releasing or
absorbing substances [Chen et al., 2020; Drago
et al., 2020; Kuswandi and Jumina, 2020].
Intelligent packages are able to monitor
conditions of the good, providing information
without interaction [Chen et al., 2020; Drago et
al., 2020; Kuswandi and Jumina, 2020]. Smart
packages interact with the good based on the
provided information, extending product life
span and maintaining quality standards [Chen
et al., 2020; Drago et al., 2020; Kuswandi and
Jumina, 2020].

Such smart packages are of significant
benefit in the food or pharmaceutical industry.
These systems do not only extend shelf life,
therefore increasing product life span,
minimizing waste and the environmental
impact, but also support product safety [Chen
et al., 2020; Drago et al., 2020; Kuswandi and
Jumina, 2020]. In the pharmaceutical industry,
intelligent packages allow tracking of storage

and transportation as well as medical regimes.
This is accelerated based on consumer needs
and as technology becomes more available and
affordable [Dobrucka, 2013].

Product security goes beyond the above-
mentioned quality control and regulating
systems. The pharmaceutical and food industry
is highly sensible against counterfeit. Micro
text, debossing, customized varnishes and the
latest RFID allowing track & trace [Pareek and
Khunteta, 2014]. It is currently believed, that
by 2023 90% of pharmaceutical deliveries will
be using track & trace systems [Blass and
FeeB, 2021].

Focus on the environmental impact and
efforts towards increased sustainability can be
supported by Smart Packaging. One important
pillar in CE is efficient recycling. Segregated
processing of individual materials is key and
leads to better sorting of post-consumer waste
while increasing vyield quality. A digital
watermark - the holy grail promotes the
development and unifies recycling efforts.

CONCLUSION

The aim of this present research was to
examine current trends in the plastic and
packaging industry.

Within Europe, Germany is driving the
plastic and packaging industry. In 2019 more
than 24% (12Mt p.a.) of plastics in Europe
have been used in Germany, primarily for
packaging materials and construction. Most
commonly polyethylene and polypropylene
can be found. At the end of its lifetime,
Germany uses almost 60% of its plastics for
energy recovery (vs. 43% of the European
average).

Yet climate change, environmental action
and public concerns led to industry changes

provoking innovation and product
development. Despite the inhomogeneous
nature of its products and customers

similarities in form of trends became evident.
These trends can be summarized to the trends
Packaging Materials, Packaging Design and
Smart Packaging.
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Packaging Materials are driven by
sustainability. The most obvious finding to
emerge from this study is that there is a strong
focus on shifting the currently linear industry
into a circular economy. The overall goal is to
increase sustainability across the packaging's
life span. Key areas of concern are simplified
Packaging Materials, facilitating recycling
with an extended design life span.

Packaging Design partially supports the
above-mentioned sustainability efforts.
Packages are ecologically designed using
methods such as but not limited to light-
weighting. In contradiction to this e-commerce
and increased shipping show negative effects
on the environment.

Smart Packaging shows the added value
of packaging systems across various industries
throughout functionalization within logistics or
quality control. The development of affordable
technologies is key to further promoting these
trends. Smart Packaging is expected to grow in
the food and pharmaceutical sector.

Considering these developments, the
packaging industry is in the process of
revolution.  Established  linear  systems

accelerating consumption are being replaced
by circular processes and an increased social
valuation.  Sustainability —and increased
functionality of packaging materials and
enhanced life cycle assessments add value to
packaging design.
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THEORETICAL BACKGROUND

ABSTRACT. Background: Enterprises’ decision-making could be facilitated by properly creating or choosing and
implementing demand forecasting systems. Currently, there are more and more advanced forecasting algorithms based on
sophisticated technologies such as artificial neural networks and machine learning. The following research paper focuses
on a case study of an automotive manufacturer. The main research aim is to propose the proper demand forecasting tool
and show the prospects for implementing the mentioned solution.

Methods: The research paper contains the statistical analysis of a chosen time series referring to the demanded quantity
of the manufactured products. To create forecasts, models based on the following forecasting algorithms were created:
ARIMA, ELM (Extreme Learning Machine), and NNAR (Neural Network Autoregressive). All algorithms are based on
the R programming language. All algorithms are run in the same time series where the training and testing periods were
established.

Results: According to the forecasts ex-post errors and FVA (forecasts value-added) analysis, the best fitting algorithm is
the algorithm based on ELM. It yields the most accurate predictions. All other models fail to add value to the forecast.
Specifically, the ARIMA models damage the forecast dramatically. Such significant magnitudes of negative FVA values
indicate that choosing not to forecast and plan based on the sales of the same period of the previous year is a better
choice. However, in the case of the ELM model, the forecasts can be worth the time, finance, and human resources put
into preparing them.

Conclusion: The increased accuracy of ELM forecasts can contribute to optimizing the process of reaching consensus
forecasts. While unconstrained statistical forecasts tend to be overridden, not only to produce constrained forecasts
incorporating various variables such as calendar events, promotional activities, supply capacity, and operational abilities,
they are also overridden by planners to reflect their foreseeing of demand. The proposed solution could also be easily
implemented in the resource planning process to improve it. The proposition of the resource planning process supported
by the proposed forecasting system is also shown in the following paper using a BPMN 2.0 (Business Process Modelling
Notation 2.0) map.

Keywords: demand forecasting, R Studio, ARIMA model, Neural Network model, Machine learning model,
manufacturing system

future; prediction to the time of reference,
which is an attempt to predict what is happening
at the time of the making prediction, and

Forecasting is the process of analyzing and prediction to the past, which attempts to predict

utilizing available information in the form of
historical data and knowledge of the future to
predict potential future events. It is crucial to
distinguish ~ forecasting from  prediction,
forecasting is a type of prediction, and it bases
the future outcomes on temporal recorded data.
In contrast, the prediction has three sub-
disciplines. They are the prediction of the
future, which attempts to predict the state of the

the occurrence of the past. In essence, every
forecast is a type of future prediction; however,
not all future predictions are forecasts, as
forecasts focus on not only a future occurrence
but also the time of the occurrence. While some
future predictions bluntly predict an occurrence
without any insight into the timing of the
occurrence or other parameters such as errors

Copyright: Wyzsza Szkota Logistyki, Poznan, Polska

and confidence intervals.  Furthermore,
[(@)ev-nc |

Citation: Kmiecik M., Zangana H., 2022. Supporting of manufacturing system based on demand forecasting
tool. LogForum 18 (1), 35-48, http://doi.org/10.17270/J.L0G.2022.637

Received: 23.07.2021, Accepted: 30.11.2021, on-line: 01.03.2022


http://doi.org/10.17270/J.LOG.2022.637
http://doi.org/10.17270/J.LOG.2022.637
http://doi.org/10.17270/J.LOG.2022.637
http://doi.org/10.17270/J.LOG.2022.637

Kmiecik M., Zangana H., 2022. Supporting of manufacturing system based on demand forecasting tool.
LogForum 18 (1), 33-48, http://doi.org/10.17270/J.LOG.2022.637

forecasting is a prediction based on quantitative
or qualitative methodologies, and in the case of
guantitative  forecasts, the models have
measurable errors. In comparison, a prediction
might be subjective and based solely on gut
feeling. In forecasting literature, generally,
forecasts refer to the process of predicting future
values, while predictions refer to the values
themselves [Gische et al., 2020].

A successful demand forecast facilitates
decision-making and improves final decisions
regarding the scheduling of production,
transportation, and personnel, and provides a
guide to long-term strategic planning.
[Hyndman and Athanasopoulos, 2018] In order
to forecast demand accurately, an enterprise
needs to have sufficient historical data to
capture a bigger picture of the characteristics of
demand. Despite the fact that the availability of
sufficient data is the very first requirement of
demand forecasting, the value needs to be
extracted from the time-series data through the
selection and use of compatible forecasting
methods that are capable of taking trends,
seasonality, and randomness of the data into
account. Following the method selection, the
parameter(s) of the method needs to be tweaked
to enhance the model in order for it to mimic the
behavior of the data more accurately and
precisely. Additionally, demand prediction
depends on the comprehension of contributive
factors such as volatility and uncertainties
involved. Demand volatility is unpredictability
and rapid changes in demand.

Forecasting is considered as one of the risk
categories in material flows [Szozda and
Werbinska-Wojciechowska, 2013] also in
production. Mentioned risk factors are
imprecision, seasonality, product differentiation,
short product life cycle, insufficient customer
database, and information deviation. Demand
fluctuations could imply supply management
problems and create a tendency to keep
excessive stocks as a buffer to production
systems. Using flexible and precise forecasting
procedures gives possibilities to gain good
results even in capricious markets where the
ordering practice of middleman distorts the
demand of ended participants [Vokhmyanina et
al., 2018]. The main features of demand on
flowing goods are [Chandra and Grabis, 2007;
Malladi and Sowlati, 2018]: the size of orders

(it is the average quantity of orders); demand
predictability (defines the error in forecasting);
demand variability (it is the relation between
demand pattern and average demand); market
size (it is a rate of penetration for the specific
products categories) and domestic market
strength (in comparison to the global demand of
a company).

In consideration of the meaning of
forecasting in companies' activities, special
attention should be paid to incorrectly created
forecasts. Demand revaluation could cause for
example high costs of excessive stocks and
high marketing costs to get rid of them.
Underestimation, on the other hand, could cause
for example lost sales, lost reputation, and
underestimated levels of sales tasks [Krzyzniak,
2017]. Forecasting has a special meaning
especially in the context of manufacturing
because the manufacturer forecasts usually
influence whole supply chains [Mesjasz-Lech,
2011]. Through using proper forecasting
methods as a part of demand planning there is a
possibility of reducing the bullwhip effect
[Dujak et al, 2019; Vokhmuanina et al, 2018]
and also have a strong influence on the whole
decision-making process [Czwajda et al, 2019].

Forecasts are created by strategists to
identify business threats and spot emerging
opportunities in the market [David, 2011] and
for the purpose of predicting the future demand
in order to plan ahead to meet demand and
reduce risks arising from uncertainty. Through
accurate forecasts and planning, enterprises can
reduce working capital and other associated
costs by manufacturing the optimum quantity of
products and stocking the optimum amount at
the right location at the right time. The
accuracy of forecasts directly affects those
variables and corrective action tends to be
expensive and time-consuming in case of higher
lead times. Failure to forecast can result in the
failure of a business. Demand forecasting, along
with demand planning constitute demand
management.  Demand  forecasting  and
management form the foundation for all
planning processes. Demand management is
also one of those areas that companies continue
to struggle with. Regardless of how good the
demand management of an enterprise is, there
still appears to be room for potential
improvement [Chase, 2016]. Being able to meet
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demand optimally, leads to cost reduction,
increasing profit, customer retention, and
meeting  corporate  social  responsibility
expectations. The high availability of computers
and their increased capabilities have facilitated
the implementation of mathematical models for
forecasting [Hughes and Morgan, 1967; Niazkar
et al, 2020]. Furthermore, Computers have
facilitated forecasting through data aggregation
and  visualization.  Forecasting  without
computers takes dramatically longer, might be
prone to higher error, and in some cases, it is
impossible such as in using artificial neural
networks. Forecasting methods are vast in
quantity and specific; different behaviors of data
might be grasped by different methods.
Quantitative forecasting can be automated, for
instance, the Box-Jenkins model,
Autoregressive Integrated Moving Average
(ARIMA), which can be automated in many
forecasting tools and software.

Automated forecasting models are able to
achieve optimal results as they are not based on
human trial and error, rather than following a
programmed sequence of action; however, the
level of freedom they offer is significantly low,
for instance, according to Hyndman,
auto.arima() in R sets the AIC of some models
to Inf, despite the real AIC of that model not
being infinity, when the same model is rebuilt in
the normal arima() function, it will have a
defined AIC value. The reason that auto.arima()
sets the AIC to infinity is to avoid it from being
chosen based on that criterion as it does not
meet other criteria such as having roots near the
unit circle, which essentially means not being
stationary. Another limitation of automated
forecasting tools is that despite being
statistically sounder, their results might not
always be intuitive, for instance, in business
analysis, it is necessary to check the findings of
automated model selections, assess them and
modify them if necessary.

More evolved and advanced forecasting
models include Artificial Neural Networks
(ANN), which rely on machine learning for
time-series modeling. An ANN is typically
composed of three types of layers, input layer,
hidden layer, and output layer, each layer has
neurons, essentially simplified neurons. In a
single layer ANN, there is only an output layer,
and the inputs are directly fed into the output

neurons. while multilayer ANN is composed of
all three types of layers, and the neurons can
have multiple connections across the neurons of
the other layers. In terms of the direction of
outputs, ANN can be feedforward-based or
recurrent-based. In a feedforward-based ANN
the outputs of neurons can only be input for the
neurons of an upper layer, whereas, in recurrent
ANN, the output of neurons can also be fed
back into the same neuron or neurons of a lower
layer. Prior to achieving satisfactory results
from an ANN, it has to be trained, which
determines correct weights and biases. In
forecasting, a time series is the input of the
ANN, and forecasted values are the outputs.
The input (time-series) has to be divided into
two subsets, a training subset and a testing
subset, the former one is used for training the
neural network to assign weights that yield a
lower overall error, while the latter one is used
for measuring and assessing the abilities of the
ANN [Zhang et al., 1998; Khandelwal et al.,
2015]. Thus, the evolution of forecasting has a
wide horizon, and quantitative forecasting can
be as simple as the Naive method, or as
complex as artificial neural networks.

A limitation of forecasting arises from the
need for increasing the granularity of forecasts
for short-term planning. The basic issue of
short-term prediction is the selection of the
optimum time granularity, which directly affects
the accuracy of forecasts [Li et al., 2019]. While
some enterprises can manage demand on long-
term low granular forecasts due to longer lead
times, others cannot. For certain industries, low
granular forecasts cannot be used for planning,
such as in those industries where product lead
times and shelf lives tend to be shorter and risks
of spoilage or obsolescence could be high, such
as in the fast-moving consumer goods (FMCG),
technology, and fashion industries. In such
industries daily or even weekly forecasts are
more valuable than monthly forecasts. Al-based
demand forecasting solutions surpass traditional
statistical forecasting methods in accuracy for
short-term forecasting, as a result reducing
safety stock and stockouts at points of sale, thus,
increasing profitability [Tarallo et al., 2019].

Another limitation of forecasting is its
tedious process of carrying out. One
workaround is aggregate forecasting, also
known as top-down (TD) forecasting. In some
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industries, aggregating forecasts by product
groups, divisions, and subsegments is possible
due to the similarity of the products and a nearly
constant  historical  relativity.  Aggregate
forecasts are developed for all products at once
and through individual historical relative
demand frequency, the demand of each
individual product is allocated. [Dangerfield et
al., 1992] Forecasting the demand of a group of
products yields more accurate results than
forecasting the demand of an individual product
within the group [Narasimhan et al., 2007] this,
is due to the fact that summing the individual
forecasts up results in a large variance, hence,
forecasting the demand of all products at once is
better [Fogarty et al., 1994]. However, when the
aggregate forecast is allocated to individual
products, the accuracy is less compared to the
accuracy of disaggregate forecasts with
individual models [Dangerfield et al., 1988].
This is due to the top-down approach having
many disadvantages, among those is the
substantial information loss resulting from the
aggregation of data [Orcutt et al., 1968]. The
application of the top-down approach can be in
the dairy industry, a farm can use an aggregate
forecast of dairy products to plan future milk
production, then based on historical relativity,
the demand for individual products such as
homogenized milk, yoghurt, and others can be
allocated.

The main research problem of the
following research paper is the comparative
analysis of the accuracy of machine learning
based forecasting models and traditional
statistical forecasting models in the example of
the selected production enterprise. To create
and compare forecasting solutions were chosen
the algorithms from the R programming
environment were. R iS a programming
language for statistical analysis of the data
which is chosen willingly in universities
research as presented in Figure 1.

Tested algorithms in the conditions of
machine learning will be ELM, MLP, and
NNAR algorithms from the R programming
environment. On the opposite side, there
will be ARIMA and an automated ARIMA
algorithm also calculated in R.

Tool Preference by Education

Ph.D. Python

Master's

Bachelor's

0% 20% 40% 60% 80% 100%
Percentage of Respondents

Fig 1. Preferences of predictive analytics tools across
different levels of education
source: [Burtch, 2016]

The forecast package contains
functions for manual and automated
forecasting methods, and the artificial
neural network tool in this package is
Neural Network Autoregression (NNAR)
which puts to work a single hidden layer
feedforward neural network to forecast
univariate time-series (figure 2). It is called
through the function nnetar(). The NNAR
model uses the lags of the time-series as
inputs to the neural network, and it is
important to note that it does not restrict its
parameters to ensure stationarity. This
artificial  neural  network uses a
backpropagation algorithm to update the
weights to obtain the minimum sum of
squared errors. Artificial neural network
methods are proven to give better results
when there is volatility in demand [Mahbub
and Paul, 2013].

Extreme Learning Machines (ELM) is a
function from the package nnfor which serves
as an automatic, semi-automatic, or fully
manual modeling of artificial neural networks
for time-series forecasting. What sets ELM
aside is that it can only have one hidden layer,
and furthermore, the learning algorithm, which
was first proposed by G, -B Huang, et al. It sets
out to solve one limitation of artificial neural
networks, which is high time consumption in
the training process. Instead of iterated learning
through backpropagation, ELM uses simple
inverse operation to find the output weights
analytically. [Huang, et al, 2004; Liu et al.,
2018].
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Input
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Input #1
Input #2
Input #3

Input #4

Fig. 2. A sample ANN
source: [Hyndman and Athanasopoulos, 2018]

Another function from the nnfor package,
MLP, fits a multilayer perceptron neural
network to a time-series for forecasting. MLP
function creates a multilayer perceptron and
trains it. MLPs are fully connected feedforward
networks and probably the most common
network architecture in use. Training is usually
performed by error backpropagation or a related
procedure [Rdocumentation, 2021].

Al is increasingly adopted as a problem-
solving tool in business [Davenport and
Ronanki 2018; Gunasekaran et al. 2017; Lee
2018; Phan et al. 2017] and the unsurpassed
learning capabilities of Al can aid demand
management in emergency situations as well.
The COVID-19 pandemic forced many
enterprises to transform and remodel their
supply chains [lvanov, 2020]. Artificial
intelligence as a solution addresses issues
associated with supply chain resilience and
offers potential approaches to promote long-
term sustainability [Modgil et al., 2021]. Al
encompasses big data, machine learning, and
deep learning technologies [Gupta et al., 2021;
Wamba et al., 2020; Dwivedi et al., 2019]. It
can empower the procurement strategy of the
organization through automation of contractual
agreements  with  suppliers and avoid
redundancy of a supply chain through improved
decision-making capabilities. [Baryannis et al.,
2019; Dubey et al., 2020]. Furthermore, Al is
capable of developing genetic algorithms and
agent-based systems to facilitate demand
planning, inventory planning, and network
design in conjunction with supplier systems
[Muniz et al., 2020]. While Al can have a broad

Hidden
layer

Output

layer

Output

range of applications in demand management,
specifically for demand forecasting, Al offers
demand sensing, which is the utilization of
upstream data within a value chain to generate a
more accurate unconstrained demand forecast
[Chase, 2009]. The COVID-19 pandemic
caused many manufacturing plants to halt
production due to supply chain disruptions. The
surge of demand following the low demand for
many products lead to a bullwhip effect. A
potential solution could be drawing insights
from data directly related to the cause of the
event or the state of the event. In other words, to
incorporate historical sales data with other
correlated data.

Other than forecasting demand for
managerial and operational planning and
controlling, accurate demand planning can be
used for strategic planning. For instance,
existing knowledge can be devalued by
turbulence, also, ongoing turbulence may
devalue investments in exploration aimed at the
generation of new knowledge [Posen, et. al,
2012], and high accuracy Al-powered demand
forecasting could predict the frequency of
turbulence, thus, justifying strategic decisions
such as exploration or exploitation.

Currently, more and more entities are
taking advantage of contemporary technological
achievements. It is popular especially in the
activity of automotive enterprises which are the
basic enterprises involved in the Industry 4.0
development. Nowadays, automotive
enterprises are striving with the issue of demand
planning necessity and Big Data common
occurring in their environment. All the
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mentioned issues started the considerations of
supporting the manufacturing process by highly
technological advanced demand forecasting
tool.

MANUFACTURER AND PRODUCT
DESCRIPTION

The historical data used in the empirical
part of this thesis is the sales of the lineup of
pickup trucks manufactured and marketed by an
American automotive manufacturer. The
mission statement of the manufacturer shows
that it wants to leave its fingerprint everywhere
and provide people with its vehicles at
affordable prices to make improvements in
people's lives. The company has a vision of
rapid development for their products to provide
vehicles with high-end technology to the whole
globe, and it wants to gain the trust of customer
loyalty. The manufacturer serves the market
across the globe.

The manufacturing strategy of the
company is based on the flexibility strategy. It
abandoned the dedicated assembly lines, which
were capable of manufacturing only one model,
in favor of flexible plants. The flexible plants
have reprogrammable body tooling and a
common final assembly line that can seamlessly
shift the production of different models. The
pickup truck lineup, which is the subject of this
research, comprises eight distinct models, and
the lead time for their production is in the range
of 16 to 26 weeks, depending on the model. The
relatively long lead time of roughly a half-year-
long requires resilient demand management to
avoid underproduction and overproduction.

Overproduction has been a major theme in
the American automotive industry. Many states
prohibit manufacturers from selling directly to
end-users. Thus, the dealers are not owned by
the manufacturer. To minimize the losses
resulting from overproduction, the
manufacturers force the dealers to take more
and more cars, this activity is known as
"channel stuffing,” and it causes substantial
financial loss for the dealers, yet the
manufacturers regard this as revenue even
though the cars are parked in the dealership
without real demand from an end-user. A cause
of  overproduction is associated  with

manufacturing more units to spread out the
fixed costs, which is essentially an outcome of
overcapacity and its utilization. As a result, the
supply of the products is greater than the market
demand. Therefore, in demand forecasting, the
first step to take is to make sure the data truly
represents the demand, if not so, regardless of
how efficient the forecasting model is, the
forecasted values cannot capture the true future
demand.

The manufacturer has faced limitations in
production and supply. After the dramatic
decrease of demand in the fourth quartile of
2019 and the first quartile of 2020 due to the
COVID-19 pandemic, the sales in 2021 are
recovering back to their normal level, and the
demand is high. Meanwhile, the limited supply
of semiconductor chips at the beginning of
February 2021 pushed the manufacturer to lay
off shifts at their truck assembly plants. Thus,
unable to match supply and demand, damaging
the earnings.

The product, essentially a lineup of trucks,
is marketed using a product differentiation
strategy along with a low-cost leadership
strategy; thus, the company manufactures
products that are different from those of its
competitors at lower costs. The company uses
Caterpillar logistics services and SAP as
enterprise resource planning (ERP) software, as
well as SAS for data analysis. SAS is used for
customer relationship management (CRM) as it
has access to its customer relationship database,
and it can produce predictive models. The
historical data available for analysis and
forecasting spans from January 2005 to January
2021, resulting in a total of 193 monthly
observations. While this monthly data is of the
whole lineup, The manufacturer needs to adjust
the forecasts according to the market share of
each eight individual models. Failure to
accurately estimate the market shares of the
individual models results in adding no value
from the forecasts derived from these data.

The visualizations of the historical sales
data and decomposed elements of the time
series show that the sales data exhibits
seasonality, and there is no persistent trend over
the whole span of the historical data; however,
the sales experience long periods of rising and
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fall. There is an overall negative trend from explained by the trend and seasonality, thus
2005 to 2009 and an overall positive trend from referred to as outliers. After running an in-depth
2009 on. The seasonal plots suggest that the outlier detection, the following outliers were
sales are generally peaking in December and found:

troughing in January.

The lineup has experienced abrupt changes
and deviations in sales which cannot be
Decomposition of the time series
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Table 1. Outliers and their specifications.

Type Index Date Coefficient T-stat

AO 7 07.2005 52897.90436 11.24752354
AO 86 02.2012 50630.10018 13.06091663
TC 183 03.2020 -32335.06991 -6.705837541
AO 184 04.2020 -22138.05043 -4.833218304
10 191 11.2020 -20358.05615 -3.516511451

The first outlier, located at index 7, is of
type additive, and it is the result of sale
promotion. While the second outlier at index 86
is also additive and it is due to the success in
achieving high sales figures in 2012. The last
three outliers are all negative and are caused by
the supply chain disruptions and decrease in
demand due to the COVID-19 pandemic-related
events.

PROPOSED
FORECASTING MODEL

DEMAND

The studied models consist of a manual
and an automated autoregressive integrated
moving average (ARIMA), an extreme learning
machine (ELM), a multilayer perceptron
(MLP), and a neural network autoregressive
(NNAR), of which the last three are machine
learning based. The procedure to test their
performance is divided into four main steps—
namely, model studying, training, forecasting,
and analysis of the results. In the first step, the
models are studied both in terms of their
mathematical algorithm, as well as the
functioning of the models in the certain tool
used, i.e.,, R. By studying algorithms, one can
understand the roles and effects of the variables
in the algorithms and studying the function and
operation of the models of the tool helps in
setting the models for the best possible results.
In the second step, the time series is split into
two new sets, the training, and the test set, at the
ratio of 80:20. Then, the optimal inputs to be
passed into the functions are determined
through gaining intuition from the time series,
such as its autocorrelation and partial
autocorrelation function plots, and then they are

fine-tuned through systematic experimentation.
The algorithms of the artificial neural network
(ANN) based models involve starting with
random weights, thus, prior to systematic
experimentation, the usage of the same
randomly generated weights is ensured. Before
proceeding to the third step, the models are
tested for the maximum achievable accuracy.
While for the simpler forecasting methods like
the naive method, weighted moving average,
and winter's method, the best model is
determined through calculating the ex-post
errors and choosing the minimum one. This
model selection criterion is not a good measure
of the performance of the models in predicting
the future; in fact, the forecasting methods used
in this paper achieve negligible ex-post errors,
overfitting the data, which is best to be avoided
in forecasting demand. Therefore, instead of
relying on hyperparameter tuning to minimize
the in-sample ex-post  errors, the
hyperparameters are tuned to build models
which have the best residuals, neither
overfitting nor underfitting, but capturing the
essence of the time series. In the third step, the
models are run, and the in-sample and out-of-
sample ex-post errors are recorded. In the fourth
step, the forecasts are compared based on their
accuracy as well as a forecast value added
(FVA) analysis.

The forecasting procedure starts with
importing the data into Rstudio and converting
it into a time-series format. The time series is
then split into the training and test set. The
training set is checked for skewness, and the
optimal lambda (A) value of Box-Cox
transformation is found if it needs power
transformation.
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4. Result
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Comparing the results of the models,
selecting the best performing model,
and drawing conclusions (if any).

Fig. 5. Methods of the research.

After that, augmented Dickey-Fuller (ADF) and
Kwiatkowski—Phillips—Schmidt-Shin ~ (KPSS)
tests are performed to check for stationarity of
the training set, if not stationary, the optimal
number of differencing is found to make it
stationary. Then the training set along with the
hyperparameters are passed into the forecasting
model. After forecasting, a Ljung-Box test is
performed on the residuals of the forecast to
check for any autocorrelation left, if there are
any, the hyperparameters of the model are tuned
to eliminate the autocorrelation. Next, the out-
of-sample forecasting ex-post errors, namely,
MAPE and RMSE, are calculated from the
actual values (i.e., the test set) and the forecast

2. Training
Using the optimal parameters for the
models and training the ML based
models though their methods (e.g.
backpropagation) to calculate the
optimal value of the weights and
biases.

3. Forecasting

Using the models to perform the
forecasts and also recording the ex-
post errors.

values. Finally, the forecast value added (FVA)
is calculated using the ex-post errors of a
seasonal naive forecast. Among the artificial
neural networks used, the extreme learning
machine (ELM) and the multilayer perceptron
(MLP) functions do not natively support Box-
Cox transformation, thus as a workaround, the
models are trained on a transformed version of
the training set, and after being trained, the
models forecast the non-transformed training set
without retraining the networks.
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Fig. 6. Forecasting procedure.
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Fig. 7. Training procedure of ELM and MLP neural networks
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The presented method offers the
opportunity to the manufacturer to improve
demand planning by using advanced demand
forecasting algorithms, but it also has some
limitations. The method and proposed algorithms
with data analysis fit only the products with sales
history. Also, the training period is stated in the
same level of time series, in every calculation,
the same percentage part of historical data is
used for algorithm training.

RESULTS & CONCLUSION

The accuracy of the forecasting models is
calculated in terms of Root Mean Square Error
(RMSE) and Mean Absolute Percentage Error
(MAPE). While the former is scaled and
measured in terms of actual units sold, the latter is
a percentage that is more comprehensible. While
both metrics describe the ex-post errors of the
forecasts, they are not necessarily proportional,
and they can be sensitive to different situations.

The ex-post errors of the models are as the
following:

Table 2. Accuracy of the models.

Model MAPE RMSE
ARIMA 22.18% 16750.82
Auto RIMA 22.63% 17100.36
ELM 11.71% 9752.33
MLP 13.85% 10310.30
NNAR 13.98% 10553.63

The ARIMA models were outperformed by the
artificial neural networks. While the ARIMA and
automatic ARIMA models had a MAPE of
22.18% and 22.63%, respectively, the MLP and
NNAR models achieved a MAPE of 13.85% and
13.98%, respectively. The manual ARIMA model
performed better than the automatic one. The
forecasts of the ELM model resulted in an
outstanding MAPE of only 11.71%, almost half
the MAPE of the ARIMA models.While in the
particular industry of automotive manufacturing,
the lead times tend to be long, it is worth looking

at the short-term forecasting performance of the
models. While both MLP and NNAR models
outperformed the two ARIMA models in the long
run, taking only the first five forecasted periods
into account, in the short run, it was quite the
opposite as the ex-post errors of the MLP model
were unstable, fluctuating between greater
extrema. While the NNAR model performed
better than the MLP model, it did not manage to
perform as well as the ARIMA models. Also,
unlike the long-term forecast, in the short-term
forecast, the automatic ARIMA performed
marginally better than the manual ARIMA. The
ELM model had the most accurate short-term
forecast, and the ex-post errors were increasing
without fluctuations, almost linearly. While
comparing the ex-post errors of different forecasts
is a method of determining which is superior, it
cannot alone justify the value it adds, it is rather a
relative measurement. For that purpose, the
Forecast Value Added (FVA) analysis is
performed to calculate the value each model's
forecast adds. An FVA analysis compares the
accuracy of forecasts to the accuracy of a basic
forecast from either the naive method or the
seasonal naive method, since the sales of the
subject of this study are highly seasonal, the
seasonal naive method is used as a benchmark.
While an FVA analysis can incorporate
judgmental forecasts, such as an analyst's
override, this FVA analysis does not contain
judgmental forecasts, and its sole purpose is to
examine the added value from the forecasts of the
individual models.

According to the FVA analysis, the only
model capable of adding value to the forecast is
the ELM model, as its forecast has a MAPE value
that is less than the MAPE of the seasonal naive
forecast. Meanwhile, all other models fail to add
any value to the forecast, specifically, the ARIMA
models damage the forecast dramatically. Such
great magnitude negative FVA values indicate
that choosing not to forecast and planning based
on the sales of the same period of the previous
year is a better choice. However, in the case of the
ELM model, the forecasts can be worth the time,
finance, and human resources put into preparing
them.
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Fig. 8. Short-term forecast accuracy comparison.

Table 3. Percentage errors of the short-term forecasts.

Table 4. Results of the FVA analysis.

ARIMA PE A. ARIMA PE ELM PE MLP PE NNAR PE

1 3.92% 3.83% 1.37% 7.13% 9.74%
2 3.89% 3.56% 1.73% 0.13% 0.34%
3 6.25% 7.35% 3.08% 11.04% 8.72%
4 8.98% 8.05% 5.06% 17.63% 5.03%
5 1.19% 1.39% 6.26% 0.08% 1.93%
MAPE 4.85% 4.84% 3.50% 7.20% 5.15%

Model MAPE RMSE

S. Naive 13.06% -

ARIMA 22.18% -9.12%

Auto ARIMA 22.63% -9.57%

ELM 11.71% +1.35%

MLP 13.85% -0.80%

NNAR 13.98% -0.93%

MLP
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The increased accuracy of ELM forecasts
can contribute to optimizing the process of
reaching consensus forecasts. While
unconstrained statistical forecasts tend to be
overridden not only to produce constrained
forecasts incorporating various variables such as
calendar events, promotional activities, supply
capacity, and operational abilities, they are also
overridden by planners to reflect their foreseeing
of demand. The increased accuracy reduces the
need for overriding, thus cutting on the planning
time as well as the management costs. As the
ELM model can predict both the far and near
future of demand more accurately, it can reduce
inventory costs and working capital through better
optimization of inventory such as safety stock
management. Furthermore, the planning horizon
can be shortened as an increase of accuracy
allows increasing the granularity of the forecasts
without reducing the accuracy to an unacceptable
level. Lastly, the benefits of the more accurate
ELM forecasts result in less uncertainty and better
risk management. The discussed benefits are the
potential outcomes of switching to or adopting a
more accurate forecasting method on its own, like
the ELM network. However, the machine learning
based forecasting models can be furthermore
developed to meet the forecasting and planning
requirements of different enterprises across
different industries. What could be valuable, the
analysis shows that one of the popular forecasting

methods based on ARIMA has relatively low
accuracy. Using machine learning or neural
network based methods could bring the
opportunity of preparing better demand plans,
reduce the bullwhip effect in the distribution
networks and also create the possibility of
reducing the fluctuations and disruptions in a
production system.

The proposed tool could be used, after a
few  modifications, to support the
manufacturing system in the push strategy.
The main modification will focus on
increasing the automation level of the
proposed solution and on integrating with the
information systems of the manufacturer.
Additionally, it could distinguish the data
connected with sales done in push and pull
systems. Using algorithms based on neural
networks and machine learning gives the
opportunity of finding some connections and
correlations between these two kinds of data
which could support the forecasting activity.
Properly created and automated forecasting
systems could also support the manufacturer in
realizing their strategy connected with Industry
4.0. As a first step, the authors proposed to test the
forecasting system as a tool for supporting
manufacturing resource planning (figure 9).

Manufacturing resources.
planning

Fig. 9. Usage a demand forecasting tool for resource planning automation.
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The proposed solution assumes the
integration of the mentioned forecasting
algorithm with databases of manufacturers.
These databases consist of data connected with
manufacturing, sales quantity, and capacity of
particular resources. Resource planners could
choose between the faster way, which is based
on generated forecasts, or choose the option of
updating the forecasts and sending the
information of updating requirements to possess
the current data from databases. Forecasts will
be calculated automatically once per week with
a one-month horizon. After forecasts calculation
or forecasts data updating and calculation, there
is automatic resource planning needed to the
future values of sales predicted by the proposed
algorithm.

Besides this solution, there is also a
prospect for using the proposed tool to improve
the level of stocks in the distribution network
and to receive information about disruptions in
advance. So, the proposed tool gives a lot of
opportunities to improve the manufacturing
system. There is also a possibility to improve
the algorithms based on machine learning and
neural networks by adding additional layers and
trying to possess more data from the enterprise
environment. The authors are also aware of the
weaknesses of the proposed solution in the
current state. For now, there is no possibility to
use a different source data and the solution is
strictly dependent on input data. Besides this,
there is also a necessity of improving the
collaboration between different nodes in the
distribution network and supply chain, and the
inclusion of the suppliers and retailers in the
collaborative forecasts. These areas seem to be
solvable before proper analysis which gives the
opportunity to develop the following research.
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ABSTRACT. Background: Today, companies operate in an environment that is significantly affected by the forces of
transformational changes, which create problems for logistics. Reverse logistics is a relatively new topic for businesses.
Therefore, the purpose of this article is to study the relationship between reverse logistics and competitiveness, economic
performance, the environment, and society.

Methods: The research methodology includes general scientific and special methods, such as synthesis and analysis, logical
generalization, correlation and regression analysis. The hypotheses were empirically tested using sample data from 37
countries of the Organization for Economic Co-operation and Development (OECD). The analysis period ranged from
2000 to 2019, which corresponds to an unbalanced group of 591 observations.

Results: Eight different models were developed to analyse the proposed hypotheses. It was confirmed that reverse logistics
has a positive effect on competitiveness, economic performance, environmental performance and society.

Conclusions: Therefore, companies should pay attention to reverse logistics, as it will promote their development and
benefit during their activities. The aspects highlighted in the article will help to understand the development and scientific
substantiation of logistics management measures. The conclusions of this document can serve as a guide for leadership and

management.

Keywords: Reverse Logistics, Competitiveness, Economic performance, Ecological environment, Society

JEL Classification: F63, L23, 014

INTRODUCTION

The spread of globalization, growing
consumer demand, the production of "special™
products, lean management, shortening
production cycles or the rapid development of
information technology are placing increasing
demands on businesses. These trends affect and
form the logistics systems of enterprises.

Research conducted on the territory of
some countries examined the issue of reverse
logistics implementation only at the state level
[Huang and Yang, 2014; Maheswari et al.,
2018]. Regarding research into the experience
of large corporations in reverse logistics, they

were conducted by Zhang et al. [2016]; Alnoor
etal. [2019]; Cricelli et al. [2021]. For small and
medium-sized enterprises the implementation
of reverse logistics for them was studied by
Lopes et al. [2014]; Satyanarayana and
Venugopal [2019]; Strong, et al. [2019]; Yang
et al. [2019]; Pawar et al. [2021] and others.
However, none of these studies has taken into
account a comprehensive study of reverse
logistics and its impact on competitiveness,
economic performance, the environment, and
society. There has also been insufficient
research on reverse logistics in OECD
countries. This study is important because it will
allow making the right management decisions
on reverse logistics and implementation of
some strategies at the enterprise level.
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The other sections of this article are
organized as follows. The next section is a
review of the scientific literature on reverse
logistics. The conceptual framework is then
outlined, and hypotheses formulated. Then
comes the section on the methodology of the
study. The following is a test of the hypothesis.
The article concludes with discussions, also
offering suggestions for future research
conclusions.

LITERATURE REVIEW AND
HYPOTHESES

This section briefly reviews the scientific
literature on the concepts used in this study.
These are reverse logistics, competitiveness,
economic performance, environment and
society.

Reverse logistics and competitiveness

The implementation of reverse logistics
strategy can effectively help modern
manufacturing enterprises to improve the
competitiveness of enterprises [Gao, 2018]. Job
et al. [2020] recommend that implementation of
reverse logistics should be guided by a process
that requires identifying the uniqueness of
resources the organization has and strategically
utilizing these resources in a manner that builds
comparative advantage. Studies by Mwanyota
et al. [2017] have shown that the adoption of
reverse logistics can lead to a sustainable
competitive advantage for firms.

Reverse logistics and economic performance

When the organizations competently
manage their reverse logistics, it results in
positive economic performance outcomes and
maintains the competitive situation in the
industry, as it can reduce the use of resources
[Phoosawad et al., 2018]. Results from analysis
Mutingi [2014] indicate that reverse logistics

may have an impact on economic performance.
Reverse logistics has a positive and significant
impact on economic and environmental
performance [Huang et al., 2012].
the

Reverse logistics and

environmental

ecological

Nowadays, there has been a growing
interest in reverse logistics in both theory and
practice due to ecological benefits [Aksoylu and
Demirel, 2018]. Reverse logistics is an
alternative that reduces negative impacts on the
environment associated with the recovery of
materials [Pefia-Montoya et al., 2015]. Mangla
et al. [2016] considered reverse logistics as a
systematic approach to improve environmental
impacts and to ensure sustainability in business.

Reverse logistics and the society

The research results of Hong and Yue-Jun
[2021] show significant correlations between
reverse logistics and social impact. As a result
of research, Barky [2016] indicates a significant
impact of reverse logistics on customer
satisfaction in terms of the remanufactured
product price, quality and a lower impact done
by the service representatives and acquisition
processes. Mohamed et al. [2015] in the work
have shown that the application of reverse
logistics has a significant impact on customer
satisfaction.

Figure 1 presents our conceptual research
model.
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— H1 — H2 :
Competitiveness »| Reverse logistics [« Economic performance
A
H3 H4
Ecological environmental Society
Fig. 1. Conceptual Model
AIM
S Measures

This paper aims to extend the literature by
advancing research into the influence of reverse
logistics on  competitiveness, economic
performance, ecological environment and
society in the OESD countries.

The following research hypotheses were
identified:

Hypothesis 1: Reverse logistics has a
positive impact on the competitiveness of the
enterprise.

Hypothesis 2: Reverse logistics has a
positive impact on the economic performance of
the enterprise.

Hypothesis 3: Reverse logistics has a
positive impact on the ecological environment
of the enterprise.

Hypothesis 4: Reverse logistics has a
positive impact on society.

METHODOLOGY
Data

In the study, the reverse logistics impact
on competitiveness, economic performance,
ecological environment and society was
analysed using data analysis for 37
Organization for Economic Co-operation and
Development (OECD) countries in the period of
2000-2019 (data that available at the beginning
of the 2021 year). This data provided was by the
OECD (https://stats.oecd.org/).

Dependent variables

The real growth of gross domestic product
the real growth (GDP_GR) is one of the main
depend on indicators. Another indicator is
Transport infrastructure investment (TII). This
variable  collected includes investment,
maintenance spending and capital value of the
road, rail, inland waterways, maritime ports and
airports.

Control variables

The control indicators used in this analysis
include the total population (POP), Share of
employment of the transport sector (SETS) and
Share of value added by the transport sector
(SVATYS).

Independent variables
1. Competitiveness

The first indicator, which is analysed, is
Foreign Direct Investment (FDI). Another
indicator used is the Regulatory Restrictiveness
Index (RRI), which measures statutory
restrictions on foreign direct investment and
gauges the restrictiveness of a country.

2. Economic performance

An indicator referring to lean management
used in this article was Environmental and
resource productivity (ERP), which indicates
whether economic growth is becoming greener
with more efficient use of natural capital and to
capture aspects of production. Also, the
investigation included Total amounts of waste
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generated by sector (TAW), because this
indicator show waste produced by the various
sectors of economic activity.

3. Ecological environmental

This study included business with
bioecological component (BBC) and business
sub-ecological (BS). These indicators
correspond to environmental technologies in
various sectors of the economy.

4. Society

One of the indicators of customization is
Consumer Support Estimate (CSE). Another
indicator is Gross domestic expenditure on
R&D by sector of performance and socio-
economic objective (GDE_SEO).

Data analysis

A model of fixed effects was used to
analyse the countries studied in the study and
their indicators. The model used in the analysis
is as follows:

LGDP_GRit = Qq; + /11; + nngllit +
BoPOP;; + B3SETS;y + B4SVATS; +
BsLOGIST + €4, Q)

Where: LGDP_GR;; - an indicator of the
impact of megatrends on logistics, i = 1...N, i
-country, t =1..T, t - time, a; - country fixed
effect, & - time constant, B - estimate

investment, POP — population, SETS - share of
employment of the transport sector, SVATS -
share of value added by the transport sector, i
- error term. LOGIST shows the variables which
are used as a proxy of megatrends in the context
of logistics. Eight different models were formed
in the study to analyse the relation between
megatrends and logistics. As a proxy of the
logistics sector used all independent variables
(FDI, RRI, ERP, TAW, BBC, BS, CSE,
GDE_SEO).

All the equations were estimated using the
statistical analysis software STATA version
135.

RESULTS

Table 1 presents the results of descriptive
statistics of the variables used in econometric
modelling.

Table 2 presents the results of the
correlation coefficients of the variables used in
the study.

As it is shown in the Table 3, there is a
positive and generally high correlation between
GDP_GR levels and TII, POP, SETS, SVATS,
RRI, ERP, BBC, BS, CSE, GDE_SEO. Also,
there is a negative correlation between
GDP_GR and FDI, TAW.

The analysis results belonging to the
models are summarized in Table 3.

coefficient, TII - transport infrastructure
Table 1. Descriptive statistics for study variables

Variable Mean Standard deviation Minimum Maximum
GDP_GR 2.15 -14.84 25.18
™ 11996256079.80 49708243741.14 274052.45 655814699587.19
POP 34505697.66 55334234.92 281200.00 327167434.00
SETS 5.52 3.42 9.59
SVATS 27.84 7.14 48.41
FDI 25263.30 54415.38 -79075.29 483849.00
RRI 0.069 0.061 0.004 0.283
ERP 1.37 -13.06 14.25
TAW 85417.47 102764.29 501.43 405523.60
BBC 93.66 68.10 100.00
BS 73.08 12.15 41.45 96.28
CSE -4139.12 12933.88 -61515.13 34198.73
GDE_SEO 2690143.80 10679335.32 29.87 89047077.12

Source: Calculated by the authors
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Table 2. Correlation matrix for the variables

GDP_ GDE_S
Variable GR Tl POP SETS SVATS FDI RRI ERP TAW BBC BS CSE EO
GDP_GR 1.000
TH 0387  1.000
POP 0111 -0.267  1.000
SETS 0669 0716 -0.169  1.000
SVATS 0102 -0.361 -0.120  -0.199 1.000
FDI -0.086 -0.273 0621  -0.136 0422  1.000
RRI 0009 -0.207 0010 -0.169  -0499 0589 1.000
ERP 0782 0516 0111 0680  -0.386  0.007 -0.117 1.000
TAW -0.032 -0.089 -0.394 -0.198 0347 -0536 -0.349 -0.132  1.000
BBC 0521 0403 -0.660 0483  -0.177 -0.443 -0.067 0489 0222  1.000
BS 0370 0465 -0.251 039  -0.399 -0.231 -0.113 0641 0217 0712  1.000
CSE 0081 0047 0093 -0.145  -0278 0139 0.192 -0009 -0.601 -0.021 -0.161 1.000
GDE SEO 0137 -0099 0211 0094  -0572 0658 0584 -0.072 -0.322 -0.195 -0.088 0.070 1.000
Source: Calculated by the authors
Table 3. Regression results
LGDP Model 1 Model 2 Model 3 Model 4  Model 5 Model 6  Model 7 Model 8
TH —0.025%%*  —0.037%%*%  —0,032%%%  —0,036%%* —0.033%*% —0,020%%*F —0,032%%%  —0,042%**
(0.093)  (0.081)  (0.098)  (0.086)  (0.097)  (0.084)  (0.081)  (0.085)
POP 0.021%%%  0022%%*%  0.025***  0.026%**  0.028%** 0.031***  0.023***  0.025%**
(0.002)  (0.001)  (0.002)  (0.002)  (0.001)  (0.001)  (0.002) (0.001)
SETS 0.003***  0,004***  0.005*** 0.003*** 0.004*** 0.005%** 0.003***  0.004***
(0.0002)  (0.0002)  (0.0002)  (0.0002)  (0.0002)  (0.0001)  (0.0002)  (0.0002)
SVATS 0.019%%%  0.015%**  0.018*** 0.015%** 0.011*** 0.016%** 0.019%**  0.022%**
(0.003)  (0.002)  (0.003)  (0.003)  (0.002)  (0.002)  (0.003) (0.003)
FDI 0.022%%%  0.019%**  0.017***  0.021***  0.015%** 0.014*** 0.019%**  0.025%**
(0.005)  (0.004)  (0.005)  (0.005)  (0.004)  (0.004)  (0.004) (0.004)
RRI 0.026%**
(0.002)
ERP 0.016%**
(0.004)
TAW -0.015%**
(0.001)
BBC 0.052%**
(0.0002)
BS 0.020 %+
(0.0003)
CSE 0_011***
(0.0002)
GDE_SEO 0.052%%*
(0.0005)
Constant 11.732%%%  15875%** 10,594%*% 12132%** 16.283%** 11.107*%* 14.735%**  10.285%**
(1.498)  (1.648)  (1.438)  (1.512)  (L653)  (1.473)  (L533) (1.466)
R2 0.85 0.88 0.84 0.86 0.89 0.85 0.87 0.84
F test 21248  367.82 28766  327.84 31552 26337 31571 274,54
[0000]  [0.000]  [0.000]  [0.000]  [0.000]  [0.000]  [0.000] [0.000]
Number of obs. 468 468 468 468 468 468 468 468
Source: Calculated by the authors
DISCUSSION positive impact. In this way, we support our
Hypothesis 1: Reverse logistics has a positive
Regarding the variables in Table 4 impact on the competitiveness of the enterprise.
referring to the reverse logistics and

competitiveness, the Foreign Direct Investment
(FDI) (Model 1: B = 0.022, p <0.05) and the
contemporary Regulatory Restrictiveness Index
(RRI) (Model 2: B = 0.026, p <0.05) have a

The results of another study also indicate a
positive link between reverse logistics and
competitiveness  Reverse logistics  brings
strategic competitive advantage and helps to
minimize the total costs generated by the launch
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of new products in the market and their
reintegration into the value chain [Chaves et al.,
2020]. Sabawi and Israa [2019] made a number
of conclusions were reached that there is a
significant role of reverse logistics in sustaining
the competitive advantages. Reverse logistics is
becoming more important to companies through
achieving more competitive advantages
[Moktadir et al., 2020]. Hence, reverse logistics
management  ensure  that  enterprises’
competitive advantages are central to enterprise
management [Yang et al., 2020].

Regarding the reverse logistics and
competitiveness of the enterprise,
Environmental and resource productivity (ERP)
(Model 3: B =0.016, p <0.05) and Total amount
of waste generated by sector (TAW) (Model 4:
B=0.15, p <0.05) have a positive impact. In this
way, we support  Hypothesis 2: Reverse
logistics has a positive impact on the economic
performance of the enterprise.

This result is confirmed by other studies.
The findings of the study Mutuku concluded
that reverse logistics have a positive
relationship  with  economic  performance
[Mutuku and Moronge, 2020]. In the study Bor
[2020] was also established that reverse
logistics had a significant and positive effect on
the economic performance of enterprises.
Another research showed that reverse logistics
has a positive impact on financial performance
[Prajapati et al., 2021].

Regarding the reverse logistics and
ecological environmental impact of the
enterprise, Business with  bioecological

component (BBC) (Model 5: B = 0.052, p
<0.05) and Business sub-ecological (BS)
(Model 6: B = 0.21, p <0.05) have a positive
impact. In this way, we support Hypothesis 3:
Reverse logistics has a positive impact on the
ecological environment of the enterprise.

This result is in agreement with the other
studies. Implementation of reverse logistics
programs has been contemplated to mitigate the
negative environmental effects of
manufacturing [Job et al., 2020]. When the
organizations competently manage their reverse
logistics, it results in improving the
environment [Phoosawad et al., 2019].

According to research by Fernando et al.
[2018], reverse logistics contributes to the
company's greater compliance with
environmental standards.

Regarding reverse logistics and society,
Consumer Support Estimate (CSE) (Model 7:
= 0.011, p <0.05) and Gross domestic
expenditure on R&D by sector of performance
and socio-economic objective (Model 8: B =
0.52, p <0.05) have a positive impact. In this
way, we support Hypothesis 4: Reverse logistics
has a positive impact on society.

The results of this study are consistent with
the study by other authors. Findings of the
research  Milichovsky [2017] show the
connection of reverse logistics and individual
communication tools, which are well-accepted
on the customer side. Majzoub et al. [2020]
prove the significant impact of reverse logistics
on customer satisfaction. Thus, reverse logistics
acts as an element of differentiation among
competitors, able to simultaneously intensify
the growth of customer satisfaction and
profitability of the company [Miranda et al.,
2016].

CONCLUSIONS

The purpose of this study was to
investigate the relationship between reverse
logistics and competitiveness, economic
performance, ecological environment and
society. The main section of this study analysed
data on 37 European countries for the period
from 2000 to 2019. All the hypotheses that were
proposed at the beginning of the study were
eventually accepted. The study confirms the
opinion that the introduction of reverse logistics
has a positive impact on enterprises. Thus, this
study provides confirmation of similar research
findings and can serve as a benchmark for
conducting similar studies.

The study has some limitations as the data
are collected only from OESD countries. For
more accurate results, similar research should
be conducted in other countries. Perhaps if
perform research within other countries, can
find some additional dependencies.

54


http://doi.org/10.17270/J.LOG.2022.640

Ivanova T., Rogaczewski R., Lutsenko 1., 2022. Influence of reverse logistics on competitiveness, economic
performance, ecological environment and society. LogForum 18 (1), 49-58.

http://doi.org/10.17270/J.LOG.2022.640

Another limitation is that only the
relationship  between  reverse logistics,
competitiveness,  economic  performance,
ecological environment, society is mentioned in
the article. Therefore, subsequent research
should investigate and identify patterns with
other aspects. In addition, the impact of national
legislation and culture on reverse logistics
should be monitored.
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THE EFFECTS OF INFORMATION TECHNOLOGIES ON
AUTOMOTIVE SUPPLY CHAIN AND FIRM PERFORMANCE. A PLS-
SEM APPROACH

Omar Boubker
Ibn Zohr University, Agadir, Morocco

ABSTRACT. Background: In today's context, information technology is increasingly taking a great interest for
academics and practitioners. IT plays a critical role in supply chain readiness to meet market changes by lowering costs
and enhancing quality. Hence, the objective of this article is to explore the effect of information technology integration
(ITI) and supply chain information management (SCIM) on supply chain integration (SCI) and its association with supply
chain performance (SCP) and firm performance in the automotive supply chain.

Methods: The research data were collected from 177 middle and top-level managers of automotive firms installed in
Morocco. The structural equation modelling under the partial least squares approach was used in testing the hypotheses
and proposed model.

Results: The study findings show that ITI and SCIM positively and significantly affect the level of SCI. In addition, SCI
positively and significantly affects SCP and firm performance. Furthermore, SCP plays a direct and positive role in
improving firm performance.

Conclusions: The study results provide direction on how automotive SC managers might enhance automotive SCP and
firm performance.

Keywords: Supply chain, information technology, IT integration, information management, performance.

after South Africa and the first producer of

INTRODUCTION

The Moroccan automotive industry has
succeeded in gradually becoming a leading
sector of the national economic environment.
The dedicated strategy to this sector has been
time to establish the foundations of an efficient
and  competitive  automotive industry,
sufficiently integrated into global value chains.

First constriction hub in Africa, the
Moroccan automotive industry is the leading
sector of export, with over 250 national and
international players, this sector contributes to
the generation of more than 147,000 direct jobs
creation between 2014 and 2019. With nearly
400,000 cars manufactured in 2019, the country
is Africa's second-biggest automotive producer

passengers' cars.

Morocco currently operates with four large
industrial hubs in Tangier, Kenitra, Rabat, and
Casablanca, as also many training institutes
specialized in the automotive industry. With
these strengths, the automobile sector provides
meaningful opportunities for multinational
companies.

The automotive manufacturing business is
demand-driven in a complex way, in which the
supply chain has a pivotal function [Boysen et
al. 2015].

In  today's globalized economic
environment, competition is not occurring
through individual firms but rather across
supply chains [Farahani et al. 2014]. Given its
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role in improving supply chain performance and
business performance, the integrative supply
chain has been a major concern for large
automotive companies. In this regard, IT
integration and supply chain information
management seem to be essential to
streamlining automotive supply chain practices.

From this perspective, the current study
aims to explore the key factors influencing
automotive supply chain performance and firm
performance. Therefore, the research questions

(RQ) are.

o RQI1: How does IT integration, and SC
information management impact the
SC integration?

e RQ2: What is the effect of SC
integration on SC performance and firm
performance?

¢ RQ3: How does SC performance affect
firm performance?

To address these questions of the study,
the article is organized through three sections.
The first one provides a literature overview. The
second presents the research methodology.
Following a description of the findings in the
third section, the results are discussed in the
fourth section.

THEORETICAL FOUNDATIONS
AND HYPOTHESES DEVELOPMENT

In general, supply chains are structured
around both inter-functional integration and
inter-organizational integration. Inter-
functional integration involves integrating all
upstream and downstream logistics processes
[Tyndall et al. 1998]. While inter-organizational
integration refers to sharing information, risks,
and rewards between SC partners [Cooper and
Ellram, 1993].

At this level, information systems
generally, and supply chain information
systems (SCIS) specifically, play a significant
part in implementing supply chain best
practices, by offering numerous benefits for
organizations  [Erceg  and Damoska-
Sekulowska, 2019; Bal and Pawlicka, 2021].

We consider the supply chain information
system (SCIS) as an inter-organizational
information system, which allows us to
rationalize the internal and external functioning
of the company, by allowing efficient flow
management between supply chain partners
(Fig. 1). SCIS encloses a number of
technological solutions that take part at
different levels, including the strategic level
(advanced planning and scheduling systems -
APS), the tactical level (enterprise resources
planning systems -ERP), the operational and
real-time level (supply chain execution systems
-SCE).

In changing marketplace, supply chain
information systems allow SC partners to meet
clients' needs by providing the right product, at
the right price, at the right place and time. In
practice, APS solutions are designed for the
long-term  (strategic level), by helping
companies to achieve various objectives at the
right cost, time, and quality [Jamrus, Wang, &
Chen, 2020]. Likewise, the ERP solutions
provide business processes automation, which
turns in enhancing efficiency and reducing
logistics costs [Oghazi et al. 2018]. As well,
electronic data interchange (EDI) solutions
support coordination between partners along the
supply chain, which in turn help to enhance
performance across quality, cost and
competitiveness [Hill and Scudder, 2009].

IT integration (ITI), SC information
management (SCIM) and SC integration
(sCoh

In today's context, information technology
[IT] is increasingly taking a great interest for
academics and practitioners. This interest in IT
can be explained by their critical role in helping
organizations collect, store, access, share and
analyse data effectively and efficiently
[Swafford, Ghosh and Murthy, 2008]. IT
enhances the enterprises' ability to process
information and sustains business transactions
by building connections between organizations
and their clients [de Barros et al. 2015].

IT integration can be defined as the degree
of  communication,  coordination,  and
integration of relevant information between
different internal functional departments and
external supply chain members [Swafford et al.
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2008]. It reflects the level to which information
is communicated, coordinated and integrated in
a meaningful way between different internal
functional departments and external supply
chain partners.

IT integration among supply chain
partners covers communications, processes,
sharing, coordination, and joint decision-
making [Singh and Teng, 2016]. ITI covers
three kinds of flow integration, namely
physical flow integration, financial, and
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information flows [Rai, Patnayakuni and Seth,
2006].

Previous studies on SC management has
been given to the impact of information IT/IS
on supply chain integration. The IT is identified
as a tool to ensure SC integration and
collaboration, by synchronization of material
flow, information and financial [Acar and
Uzunlar, 2014], and facilitating the
coordination and communication between the
supply chain members [de Barros et al. 2015].
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Fig. 1. Supply chain information systems tools used in the supply chain (own elaboration)

Scholars have also shown that IT
integration represents a crucial element for the
proper functioning of the supply chain, by
facilitating the SC integration [Li et al. 2009].
Also, IT integration enhances effective
interaction and cooperation for true integration
of business processes across supply chain
partners [Cooper and Tracey, 2005]. Kim
[2017] empirically confirmed the positive
influence of integrative IT on SC integration.

In addition, previous studies investigated
the effect of SC information management on the
SC integration. The purpose of SCIS is to
diffuse information through the members of the
supply chain [Sundram et al. 2018]. Based on
an empirical study among 248 manufacturing
businesses, Sundram et al. [2018] argued that

SC information management affects positively
the level of supply chain integration. Therefore,
we can suppose that:

H1: ITI directly and positively affects SCI.

H2: SCIM directly and positively affects SCI.

SC integration (SCI), SC performance
(SCP) and firm performance

Supply chain integration refers to the
extent and strength of linkages of supply chain
processes across firms [Leuschner, Rogers and
Charvet, 2013]. It is enabled by informational,
operational, and relational integration [Flynn,
Koufteros and Lu 2016]. Existing studies
suggest different perspectives to define SCI
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[Ozdemir, Simonetti and Jannelli, 2015]. This
concept is analysed with two measures, namely
downstream integration with customers and
upstream integration with suppliers [Sun and
Ni, 2012]. Another vision consists of both
internal [Basnet, 2013], and external integration
[Boon-itt 2009; Barratt and Barratt 2011;
Wong, Wong and Boon-itt, 2013].

For other researchers the SCI can be
approached according to three dimensions,
namely internal, suppliers, and customer
integration [Boon-itt 2009; Flynn, Huo and
Zhao, 2010; Chang et al. 2016]. Even more,
Ataseven et al. [2020] distinguish between three
levels of integration such as supply integration,
demand integration, and internal integration.

In sum, SCI refers to “the degree to which
an organization’s internal functions and
external supply chain partners strategically and
operationally collaborate with each other to
jointly manage intra- and inter-organizational
quality-related relationships, communications,
processes, etc., with the objective to achieve
high levels of quality-related performance at
low costs.” [Huo, Zhao and Lai, 2014:39].

In this study, we focus on both sides of
integration, including internal and external
integration among the supply chain members.
This dual integration is essential to enable a
seamless and synchronous flow of information
in and through the entire manufacturing supply
chain [Sundram et al. 2018].

Many studies have explored SCI well to
identify its benefits [Leuschner et al. 2013]. At
this level, a large number of existing studies
generally agreed on the fact that SCI provides
enhanced operational performance [Gimenez,
van der Vaart and P