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Abstract
The development of a circular economy (CE) model is increasingly being recognized as a way to improve the performance
metrics of Micro, Small, and Medium Enterprises (MSMEs). A CE is an economic model that aims to minimize waste and
pollution by maintaining resources in use for long time. This paper provides a comprehensive overview of the benefits of a CE
for MSMEs, including reduced costs, increased competitiveness, and improved environmental performance. The paper also
outlines the steps that need to be taken to develop a CE model using Industry 4.0’s machine learning algorithms for MSMEs.
The paper concludes that the development of a CE model has the potential to significantly improve environmental and other
performance metrics of MSMEs and should be a priority for policymakers and stakeholders in the business community.

Keywords Circular economy model · Environmental performance metrics ·Micro, small, and medium enterprises

1 Introduction

A circular economy (CE)model is an economicmodel where
waste and pollution are minimized by maintaining resources
in use for long time [1]. This model aims to create a closed
loop system where waste is transformed into new resources,
leading to reduced environmental impacts and increased eco-
nomic benefits [2]. Micro, Small, and Medium Enterprises
(MSMEs) play a critical role in many economies, account-
ing for a significant proportion of employment and economic
activity [3–5]. Despite their importance,MSMEs often strug-
gle to compete with larger organizations, which have greater
resources and economies of scale [6–8]. In this context,
the development of a CE model provides a new way for
MSMEs to improve their performance, by decreasing waste
and improving efficiency.

The adoption of a CE model can have several benefits
for MSMEs, including reduced costs, increased compet-
itiveness, and improved environmental performance. By
reducing waste, MSMEs can lower their costs and improve
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their profitability, as they no longer have to pay for the
disposal of waste. Additionally, the development of new
products and services based on waste can create new rev-
enue streams and increase competitiveness. Furthermore, the
improved environmental performance can help MSMEs to
meet increasingly stringent environmental regulations and
respond to changing consumer preferences [9]. The devel-
opment of a CE model for MSMEs requires a systematic
approach that considers all stages of the value chain, from
the sourcing of raw materials to the disposal of waste. This
includes the development of new business models, such as
product-as-a-service, and the adoption of new technologies,
such as closed-loop supply chains and advanced recycling
processes [10].

Recent trends in manufacturing industry shows advances
on technologies and digitalization [11, 12]. This uprising
is called as era of fourth industrial revolution or Industry
4.0 which involves Industrial Internet of Things (IIoT), Data
Analytics and Machine Learning, Automation with artificial
intelligence (AI) [10, 13]. These technologies have brought
seismYaic change in manufacturing and production systems
where machines, material and human are connected over
digital internet. Sensor used in the system tracks the data
for machine and material which leads to optimization and
waste reduction of resources.AI technology can optimize the
manufacturing processes to reduce material and energy con-
sumption which leads to increases resource efficacy [3–5].
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IIoT enabled devices can be used in tracking the product
after handed over to users which eases flow of products in
circular consumption cycle.Automation and analytics help in
sorting, recycling and remanufacturing of product to achieve
close loop of product lifecycle. The motivation for this study
is grounded in the recognition of the critical need to bridge
the gap between the transformative potential of CE, the capa-
bilities offered by Industry 4.0 technologies, and the unique
challenges and opportunities faced by MSMEs. By develop-
ing CE models tailored to the specific needs of MSMEs and
augmented with Machine Learning, we aim to unlock a new
era of sustainability and performance improvement within
this vital sector. The implementation of these technologies
with the principle of circular economy provides a significant
advantage to the organization to achieve balance between
socio, economic and environmental policies.

In order to be successful, the development of a CE model
for MSMEs must also be supported by a favourable pol-
icy and regulatory environment. This includes the creation
of incentives for MSMEs to adopt circular practices, the
provision of financing for circular projects, and the imple-
mentation of regulations that support circular practices. The
development of aCEmodel has been increasingly recognized
as a way to enhance environmental and other performance
metrics of MSMEs [14].

Thus, the development of a CE model has the potential
to significantly improve environmental and other perfor-
mancemetrics ofMSMEs. By reducingwaste and improving
resource efficiency, MSMEs can reduce costs, increase com-
petitiveness, and respond to changing consumer preferences.
However, the development of a CE model for MSMEs
requires a systematic approach that considers all stages of
the value chain and must be supported by favourable poli-
cies and regulations.The remainder of the article is structured
as follows. Based on a comprehensive evaluation of the lit-
erature, Sect. 2 proposes a literature review and highlights
the research gaps. The research methodology with detailed
stages of development of CE model is outlined in Sect. 3.
Stages in development of proposed CE model is explained
in Sect. 4. Discussion is presented in Sect. 5, while Sect. 6
offers recommendations for a conclusion, limitations, and
directions for additional research.

2 Literature review

In the present investigation, a thorough literature study was
carried out to find pertinent gaps from earlier investigations.

2.1 Literature searchmethodology

Theconcept ofCEhas acquired significant awareness in these
years as a potential solution to the environmental challenges

Table 1 Protocol for literature review

Unit of analysis Journal articles of CE and its
performance matrices related
to MSMEs

Type of analysis Qualitative

Time frame of Study 2011–2023

Search Field Title, keywords, abstract

Database SCOPUS, Science Direct,
Web of Science, Emerald

Articles included in the study 44

posed by traditional linear models of production and con-
sumption. In the context of MSMEs, the adoption of CE
principles has the potential to improve environmental per-
formance while also addressing other key metrics such as
economic competitiveness, resource efficiency, and waste
reduction. The purpose of this literature review is to pro-
vide an overview of the current state of knowledge on the
development of CEmodels forMSMEs, including the drivers
and barriers to adoption, the impact on various performance
metrics, and the role of stakeholders in facilitating the tran-
sition towards a more sustainable CE model. The review is
intended to provide a foundation for the subsequent sections
of the paper, which will focus on the development and imple-
mentation of a CE model for MSMEs.

To understand the many environmental and other perfor-
mance metrices of MSMEs, the study activity employs a
systematic literature review (SLR) technique. As opposed
to a generic review, SLR encourages a methodologically
rigorous evaluation with an emphasis on evidence-based
research criteria. SLR employs an explicit and comprehen-
sive methodology to ensure the validity of the literature
review. The research purpose and goal are determined at the
initial phase of SLR. The SLR has number of stages, which
are explained as follows-

2.1.1 Planning stage

The requirement for review is listed below, along with steps
for creating a review protocol. The review process used is
given in Table 1,which is in order to identify several elements
that serve as catalysts for improvement of environmental and
other performance metrices of MSMEs.

2.1.2 Organising literature review

This stage outlines the gathering of research and their
data-driven analysis. To provide thorough coverage of the lit-
erature, the authors of this study used databases fromScience
Direct,Web of Science, Emerald, and Scopus. Peer-reviewed
articles are included in the study to guarantee the calibre of
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Fig. 1 PRISMA flowchart

Articles obtained after removing duplicate items N=48

Articles obtained 
from SCOPUS 

N=48 

Articles obtained 
from Web of 
Science N=52 

Articles obtained 
from Science 
Direct N=16 

Records found 
through Emerald 

N=9 

Articles screened through 
inclusion criteria N=60 

Full articles assessed for review 
N=44 

22 articles excluded.

9 articles not included as 
these does not match with 

scope of the study. 

Articles selected for review for further analysis N=44

publications. The study’s selection window ran from 2011 to
2023.

In this study, the search parameters of the keywords
were applied to further examine phrases associated with CE
model, environmental and other performance metrices, and
MSMEs. Due to the criteria applied, review articles were
included in all 110 papers at the start of the study. In this
investigation, articles relating to the issue of interest were
filtered using the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) technique as shown
in Fig. 1. PRISMA is widely used and recognised method-
ology due to its transparency, rigor, and ability to ensure
methodological and credible synthesis existing literature [6,
8, 15]. This systematic approach ensures that step by step
methods are followed for identification, screening and syn-
thesizing relevant research content. PRISMA removes the
bias from selection of article which ensures no room for arbi-
trary selection of articles. This approach builds reader and
peer reviewer trust that systematic and predefined approach
followed through research instead of cherry picking and
selective reporting. This approach is important as this study
intersect three complex topics like industry 4.0, Circular
Economy and MSME. It ensures that our study on develop-
ment ofCircular economymodel using Industry 4.0,machine
learning technique forMSMEs is built on solid foundation of

relevant and reliable academic work contributing to advance-
ment of knowledge in this vital area of sustainable industrial
revolution.

To enhance the accuracy and relevance, timeframe of
2011–2023 is decided for PRISMA. This timeframe is rele-
vant as it coincides with technological advancement of IIoT
devices and maturation of artificial Intelligence coincides
making it critical for our study. Another crucial factor was
recent policy and regulatory changes formulated around Cir-
cular economy & Industry 4.0. Research inclusion period
strikes the balance between historical and recent trendswhich
enhance breadth & depth of input. After further examina-
tion of the 60 article abstracts to ensure that they matched
the study’s integration and framework goals, 22 publications
were still excluded from consideration. After that, the arti-
cles’ full-text accessibility was considered, which resulted
in the elimination of 9 further articles. Three articles were
excluded from consideration after the substance of the arti-
cles was evaluated in light of their relevance to development
of CE model to improve environmental and other perfor-
mance metrices of MSMEs. After thorough analysis of the
articles, the final sample consists of 44 articles. The articles
were further examined during the reporting phase to identify
various aspects that support development of CE model for
MSMEs.
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2.2 Background of CEmodels

The CE model is based on the principles of reducing waste
and preserving resources by closingmaterial loops and keep-
ing products and materials in use for as long as possible.
This contrasts with the traditional linearmodel of take-make-
waste, where resources are extracted, used to create products,
and then discarded aswaste. TheCEmodel aims to reduce the
use of finite resources, minimize waste and emissions, and
create economic value by maximizing the use of materials
and resources [2].

The concept of the CE has been around for several
decades, but it has gained increased attention in recent years
as concerns about resource depletion, waste, and environ-
mental impacts have grown. The need for a more sustainable
and circular approach to the economy has been recognized
by businesses, governments, and international organizations,
who are actively exploring ways to transition towards a more
CE. This has led to the development of various CE mod-
els and initiatives, including product-service systems, closed
loop supply chains, and shared economymodels, all of which
aim to create a more sustainable and resilient economy [16].

2.3 Environmental and other performancemetrices
of MSMEs

MSMEsplay a critical role in the global economy, accounting
for a significant proportion of economic activity, employ-
ment, and innovation. However, MSMEs often face sig-
nificant challenges in terms of environmental and other
performance metrics, including resource efficiency, waste
reduction, and economic competitiveness. The adoption of a
CEmodel has the potential to improve the environmental and
other performance metrics of MSMEs by reducing resource
use, waste generation, and emissions, and by improving eco-
nomic competitiveness through increased resource efficiency
and reduced costs.

In the context of MSMEs, the environmental benefits of
the CE model include reduced greenhouse gas emissions,
improved resource efficiency, and reduced waste. The CE
model can also help MSMEs to improve their economic
competitiveness through reduced costs, increased resource
efficiency, and enhanced reputation. Other performance met-
rics that may be improved through the adoption of a CE
model include social and economic sustainability, job cre-
ation, and local economic development. By addressing these
multiple performance metrics, MSMEs can contribute to a
more sustainable and resilient economy and society [17]. The
CE concept aims to replace the idea of end-of-life with ren-
ovation; however, it is yet uncommon to monitor and assess
circularity performances [18]. The CE idea is gaining pop-
ularity around the world, but its use must be supported by
scientific research and quantification, else it runs the risk

of encouraging "circularity for circularity’s sake" [19]. The
study by [20] examined 30 micro-level CE indicators. These
indicators prioritised economic factors over social and envi-
ronmental implications, which results in suboptimizations
and a more constrained vision of sustainability. A produc-
tion and consumption paradigm known as the "CE" promotes
sharing, reusing, repairing, refurbishing, and recycling of
pre-existing goods [21].

However, the creation of a CE that is in accordance with
environmental protection and sustainable economic growth
requires significant investment in recycling infrastructure
and cutting-edge resources [22]. MSMEs are important for
economic development and growth, but their impact on
environmental problems is still underappreciated [23]. To
evaluate how industrial activities, affect the environment,
the study performed by [24] established 15 essential envi-
ronmental sustainability indicators, underscoring the need
of environmentally friendly product design. Globally, China
and Europe prioritised the CEmodel themost, with Germany
taking the lead in bioeconomy-related research [25]. Due to
the low HR capabilities of MSMEs in Central Java, the study
carried out by [26] intends to develop a Performance Man-
agement System-based model to enhance their operational
performance. The most crucial insight from the article by
[27] is that more study is required to combine the existing
approaches and create a more comprehensive framework for
evaluating the sustainability effects of CE efforts.

Based on the quality of the waste flow and the benefits
to the environment, the Cumulative Exergy Extraction from
the Natural Environment (CEENE) indicator is an effective
method for directing waste streams towards their best alter-
native for valorisation [28]. Designing dynamic simulation
models and forecasting system behaviour both benefit from
multi-method simulation [29]. To identify research gaps and
future research priorities, Pangarso et al. [30] analysed the
CE-based business model and MSMEs. The study by Busu
and Trica [31] looked at the CE model’s viability and its
effects on the expansion of the European Union’s (EU) econ-
omy. An indicator developed by Haupt and Hellweg [32]
based on environmental impact quantified the environmen-
tal value preserved by recycling, repair, remanufacturing,
or reuse. In an effort to make local MSMEs more com-
petitive, the Model of Eco-Friendly Packaging Centre was
created [33]. The Circular Economy Index System (CEIS)
concept, which communicates environmental management
needs along the industrial supply chain, is practical and rea-
sonable [34].

In the study by Palmieri et al. [35] the economic and envi-
ronmental viability of an energy power plant that generates
electricity from olive grove pruning waste was examined. 15
important environmental sustainability indicators were iden-
tified by researchers to evaluate the environmental impact of
manufacturing activities [24]. By eliminating solid waste,
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adhering to environmental standards, paying a sufficient
wage, and promoting a healthywork-life balance, sustainable
manufacturing practises enhance the financial performance
of MSMEs [36]. A society built on sustainable production
and consumption is what the European Commission’s CE
Action Plan seeks to promote [37]. Innovation and human
resources both have an impact on the competitiveness of
MSMEs, with human resources playing a more significant
influence than innovation [38]. By developing a fabrication
to utilisation whole supply chain that is curative, and refor-
mative, CE seeks to minimise the effects on the environment
and the socioeconomic system [39].ACEmodel can improve
environmental and other performance metrics of MSMEs
[40]. To maximise the environmental impact and energy effi-
ciency, the design and manufacturing cycle are rethought
in the CE industrial pattern [41]. Users of the RaMa-Scene
web platform can visualise the many effects of CE initiatives
[42]. With the utilisation of CE, recycling, and reuse during
the EOL period of a 3 kW FCH-UPS system, environmental
impacts might be cut by 66% [43]. The success of MSMEs
in applying the GE idea is gauged by how well they perform
in terms of the green economy [44]. By recycling plastic
bottles and selling the remaining ones in the city’s port, the
full plastic fraction can be included into the CE model [45].
The feasibility of the CE in managing municipal solid waste
(MSW) is examined from an economic, environmental, and
social standpoint in the study [46].

2.4 Summary of research gaps

While there has been significant progress in the develop-
ment of CE models and initiatives, there are still a number of
researchgaps that need tobe addressed inorder to fully under-
stand the impact of the CE on MSMEs. These gaps include
a lack of comprehensive data and empirical evidence on the
impact of CE models on MSMEs. By conducting empiri-
cal study, current study can provide evidence of how CE
practices affect various performance metrices such as cost
saving, resource efficiency and environmental impact. This
will enhance the research outcome. Current studies have lim-
ited understanding of the drivers and barriers to adoption
of CE models in MSME which can hinder journey of CE
Adoption, this study will demonstrate the impact of these
factors on CE Metrices and provide practical insight for
policymaker. The lack of engagement and participation of
MSMEs in CE initiatives necessitates the development of
innovative approaches to incentivize and involve MSMEs
in CE Practices through tailored CE Model and capacity
building programmes. Additionally, there is a need for fur-
ther research to develop and test innovative and scalable CE
models that can be adapted to the specific needs and cir-
cumstances of MSMEs. This research can focus on creating
adaptableCE framework that consider the resource constraint

and operational intricacies of MSME. Also, there is limited
literature related to development CE models using machine
learning (ML) techniques in Industry 4.0 era. The current
study can pioneer in the integration of ML algorithms to
optimize CE processes, resource management and decision
making inMSME. Innovative approach can enhance the effi-
ciency and effectiveness of CE practices.

By addressing these research gaps, the current research
aims to provide a holistic understanding of the impact of CE
on MSMEs, offer practical solutions to overcome adoption
challenges, and contribute to the development of scalable
CE models. Moreover, the incorporation of ML techniques
introduces a novel dimension to CE research, potentially rev-
olutionizing how MSMEs can implement and benefit from
circular economy principles. This comprehensive approach
will lead to more precise research objectives and outcomes
with real-world relevance. The urgency of addressing this
research gap is further underscored by the global commit-
ment to the United Nations Sustainable Development Goals
(SDGs) and the prestigious Paris Agreement, which seek
to limit global warming and foster sustainable economic
development. The successful integration of CE models with
Industry 4.0 and Machine Learning in MSMEs holds the
promise of advancingmultiple SDGs, including those related
to responsible consumption and production (SDG 12), cli-
mate action (SDG 13), and industry innovation (SDG 9).

3 Researchmethodology

Primary objective of this research is to develop, test and
assess Circular Economy model that incorporates Industry
4.0’s Machine Learning technique on the environmental and
performancemetrices ofMSME’s. Conducting case study on
a specific MSME is the most effective way to achieve objec-
tive. A case study allows you for practical implementation
of CEmodel within real MSME, providing insights into how
these principles and technologies can be applied in tangible
business setting.MSMEsector is verywide in terms of shape,
size and operation characteristic, researcher can tailor the CE
model to the unique context of that business. A case study
allows for in depth analysis including collection of quali-
tative & quantitative data, interviews with Key stakeholder
and detail assessment of performance metrics. While case
study focuses on a specific MSME, the findings and lessons
learned can contribute to generalise knowledge about CE
model with Industry 4.0 and Machine learning in broader
MSME sector. Research Methodology for development of
CE model to improve environmental and other performance
metrics of MSMEs is shown in Fig. 2.

In Sect. 2, SLR is done to identify specific research gaps
pertaining to the present study using PRISMAmethod which
conduct an exhaustive search of academic database, online
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Fig. 2 Research Methodology

Systematic literature review
• Comprehensive search of academic databases, online 

sources
• Inclusion and exclusion criteria established for relevant 

and high-quality studies.
• Critical appraisal of studies for relevance, quality, and 

rigor 
• Synthesis and analysis of findings to draw conclusions on 

the current state of knowledge.

Case study analysis
• Selection of MSME based on size, sector, location, and 

replicability.
• Development and testing of CE model. 
• Assessment of impact on environmental and other 

performance metrics of MSMEs
• Refinement and improvement of proposed model based on 

case study findings. 

Recommendations for future research 
Based on the findings of the case study analysis 

sources and Industrial report to gather relevant literature on
CE, Industry 4.0,ML&MSMEs. This section lists out of key
theories, frameworks, and existing models which provides
the base for development of robust theoretical framework that
integrate CE& Industry 4.0 withML. In Second sub-section,
a case study is performed within selected MSME, ensures
that CE Model is aligns with operational context, goals and
challenges. Further impact assessment is done to evaluate the
effect of the CE model on various performance metrics. This
step also refine& improve themodel based on results, lessons
learned and feedback from MSME partners which helps in
ease of adoption and effective implementation. In last section,
article provide clear and actionable recommendations for
MSME interested in CE Model enhanced with Industry 4.0
techniques. Also highlights the avenues for future research
in the realm of CE for MSME, identifying specific topic &
technologies which enhance business performance.

3.1 Case study analysis

3.1.1 Selection of MSME

The case study will be selected based on specific criteria to
ensure its representativeness and relevance to the research
topic. The criteria for selection will include the size, sec-
tor, location, and potential for replicability and scalability of
the MSME. The case study is selected in such a way that it
represents the typical challenges and opportunities faced by
MSMEs in adopting CE models.

3.1.2 Development and testing of proposed CEmodel

The proposed CEmodel will be developed based on the find-
ings of the SLR and the best practices and guidelines for CE
models for MSMEs. The model will be adapted and refined
based on the specific circumstances and requirements of the
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case study MSME. The proposed model will be tested and
evaluated in practice, and its impact on the environmental and
other performance metrics of the MSME will be assessed.

3.1.3 Assessment of impact

The impact of the proposed CE model on the environmental
and other performancemetrics of theMSMEwill be assessed
using a range of methods and metrics. These may include
surveys, interviews, and data analysis, and are focussed on a
variety of performance metrics, such as resource efficiency,
waste reduction, emissions reduction, and economic compet-
itiveness. The results of the impact assessment are used to
refine and improve the proposed model and to make recom-
mendations for future research.

3.1.4 Refinement and improvement of proposed CE model

Based on the results of the impact assessment, the proposed
CE model will be refined and improved to ensure that it is
effective and sustainable. The refinements and improvements
will be based on the lessons learned from the case study and
will consider the unique circumstances and requirements of
the MSME. The refined model will be used to make recom-
mendations for future research and to guide the development
of CE models for other MSMEs.

4 Proposed CEmodel

Developing a CE model using machine learning techniques
can be a complex and multi-step process. Steps for its devel-
opment are described as follows:

1. Define the scope of the CE model:

a. Introduction to circular economy.
The circular economy is an economic system
designed to reduce resource consumption, garbage
creation, and environmental impact. The circular
economy attempts to establish a closed-loop system
in which resources are reused, refurbished, and recy-
cled to maintain their value over time, in contrast to
the traditional linear economy (take-make-dispose).

b. Key principles.
Key principles of the circular economy model are
defined as follows:
1. Design for Durability and Repairability:

Products are designed to be durable and simple
to repair, thereby increasing their longevity.

2. Reuse and Refurbishment:

When possible, emphasise the importance of
repurposing products and components to reduce
the need for new resources.

3. Recycling and Upcycling:
Describe how recycling and upcycling processes
contribute to the extraction of value from garbage
materials and the reduction of waste disposal to
landfills.

4. Resource Efficiency:
Emphasise the importance of resource efficiency
by optimising processes, reducing waste, and
utilising materials more effectively.

5. Closed-Loop Systems:
Describe closed-loop systems, in which materi-
als are perpetually cycled back into production,
thereby reducing the need for virgin resources.

c. Benefits of circular economy:
Consider the environmental and business advan-
tages of adopting a CE model. This could include
reduced environmental impact, cost reductions
through resource optimization, increased opportuni-
ties for innovation, and improved consumer percep-
tion due to sustainable practises.

d. Applicability to MSMEs.
Specify the relevance of the CE model to Micro,
Small, and Medium-sized Enterprises (MSMEs).
Explain that SMBs frequently experience resource
constraints and can benefit from the inherent efficien-
cies and sustainability practises of CE.

e. Transition challenges.
Recognise that the transition to a circular economy
model may involve obstacles, such as modifications
to business processes and supply chains, and the need
for stakeholder buy-in. This demonstrates your com-
prehension of the complexities involved. Determine
which resources or products will be considered in the
model and what the desired outcomes are e.g., reduc-
ing waste, maximizing resource utilization, etc.

2. Gather data:
Collect data on the relevant resources and products. This
can include information on their lifecycle, usage patterns,
and disposal practices.

3. Pre-process the data:
Clean, normalize, and transform the data so that it can be
used for machine learning algorithms.

4. Choose ML algorithms:
Choose ML algorithms that are appropriate for the prob-
lem at hand. For example, clustering algorithms can be
used to identify patterns in data, while classification algo-
rithms can be used to classify products or materials.

5. Train the model:

123



International Journal on Interactive Design and Manufacturing (IJIDeM)

Use the collected and pre-processed data to train the ML
model.

6. Validate the model:
Test the accuracy of the ML model and validate its per-
formance against the desired outcomes.

7. Implement the model:
Use the ML model to make predictions and recommen-
dations on how to optimize the CE model.

8. Continuously improve the model:
Regularly update and refine the ML based on new data
and feedback.

Developing a CE model using ML techniques requires
a deep understanding of both CE principles and ML tech-
niques. The process is based on design-science research,
which entails putting out a CE model via many stages and
sequential tasks for solving a specific issue. The Design of
Computational Intelligence Experiments (DCIE) technique
has been presented, considering that the proposed CE model
should be implemented to confirm its applicability for the
present scenario. This technique presents new specifications,
models for data analysis, and establishes the synergy between
each of the defined stages aswell as their implications. Below
is a description of the methodology’s phase order:

• Phase 1: created in Sects. 2, this phase proposed a frame-
work for reference. Additionally, the review also enabled
the research issue, the research gap, and the research goals
to be developed.

• Phase 2: established in the present Sect. 3, this step
entails determining the fundamental traits of environ-
mental practises and environmental management systems,
strategies, and knowledge management aspects. To build
the CE model and identify the population that needs to be
examined, these traits are later categorised according to
maturity fulfilment levels.

• Phase 3: this phase depends upon the outcomes of a sur-
vey conducted among MSMEs, was developed in Sect. 4.
It entails model validation and data analysis. Data prepa-
ration is used to oversee and train a number of algorithms.
The optimum algorithm is then chosen at last stage.

TheCEmodel forMSMEs is builtwith the development of
Phase 2 of the present strategy in mind, and three elements
are integrated as tabulated in Annexure I. These elements
are associated with the environmental, social, and economic
considerations that are often included in internal business
operations’ environmental sustainability studies. Phase 2 also
specifies training and validation of the algorithm that aided
the reliability categorization and describes the list of busi-
nesses examined to apply the CE model.

4.1 Factors and levels

4.1.1 Management of environmental knowledge in MSMEs

By acquiring facts about the topic of environmental pro-
tection, employees of businesses may utilise environmental
knowledge management to lessen the environmental effects
of production and consumption processes. To make changes
and enhance goods and corporate operations, it needs tech-
nical, human, and financial skills. Employee education and
opportunities for information sharing and socialisation are
also necessary. In order to provide workers a clear under-
standing of the procedures required to execute a job or
process while reducing the environmental effect, strategic
and operational processes must be documented. Knowledge
management is a crucial component of company adminis-
tration since it calls for staff members to comprehend and
prioritise environmental best practises.

4.1.2 Techniques and ethical environmental behaviour
in MSMEs

Measures and actions performed by businesses to lessen the
adverse effects brought on by their productive operations
are known as good environmental practises and strategies.
Cleaner production, eco-efficiency, and CE are a few of
them. Solid waste reduction, energy efficiency, improved air
and water quality, noise reduction, and staff devotion to the
environment are all examples of performance improvement
indicators. The key advantages of applying sound strategies
and environmental practises include increased competitive-
ness, cost savings, adherence to environmental regulations,
and dependability in customer relationships. Due to obsta-
cles or internal issues, MSMEs find it difficult to incorporate
excellent practises.

4.1.3 Environmental management systems in MSMEs

Companies may structure their management, operational,
and support activities using environmental management sys-
tems, which also make it easier for employees to follow
ethical environmental principles. To accomplish operational,
strategic, and tactical objectives, ISO 14001 is a global stan-
dard that should be applied. While some of these systems
have been modified to meet the requirements of small busi-
nesses and are accessible in commercial settings,MSMEshas
deficiency the economic resources. A CE model is evaluated
on a four-level scale, with level 1 denoting insufficiency, level
2 indicating basic, level 3 denoting developing, and level 4
indicating consolidation.
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Fig. 3 Percentage distribution of studied MSMEs

4.1.4 The studied MSME set

MSMEs from various industries were taken into consider-
ation in this study. MSMEs are dispersed over the country
and represent the commerce, service, construction, logistics,
and manufacturing sectors. The online database was used to
find the contact information for the businesses based in these
cities. It serves as a source for corporate data. By utilising
database, more than 3500 active MSMEs was created. 1350
MSMEs were removed from the list because their contact
information was incorrect or misspelt. To get a sample size
of 327 MSMEs, a population estimate of 2150 MSMEs was
computed.

The questionnaire was built around traits that each of
the elements under study had and that had been evaluated
by experts (Annexure II). It had four distinct sections: The
purpose of Part 1’s six questions regarding general busi-
ness information was to describe and classify the types of
examined firms. Phase 2 of the evaluation had three parts:
sustainable integration, which analysed each of the three
components separately. 42 questions were included in the
questionnaire with the goal of determining the advantages
and disadvantages of the industries under review. There were
yes/no, open-ended, andmultiple-choice items on the survey.
With the former, the respondents could choose the solution
that met their needs the best from a variety of options. Open
questions were utilised to get more data that would have
been useful for the study while yes/no questions were added
to get quick answers from questions with just two alterna-
tives. Interviews with themanagers or people in charge of the
production, quality, or environment at the businesses were
performed. It was decided to distribute the survey through
email along with the study’s goals and an invitation to par-
ticipate in it.

The allocation of the sample among the sectors is shown
in Fig. 3. The enterprises were identified as belonging to

Table 2 Classification of business sizes based on the number of employ-
ees

Business type No. of employees

Micro enterprises < 10

Small businesses 11–50

Medium business 51–200

one of the three major economic sectors. With 36% of the
sampled enterprises, the manufacturing sector had the most
participation, followed by the service and commerce sectors
with 32% and the construction and civil works sectors with
32%. Table 2 lists classification of business sizes based on
the number of employees.

4.2 Results

This section covers the outcomes of the survey performed
among MSMEs, along with the validation of the model and
the analysis of the data, with particular emphasis on Phase 3
of the methodology.

4.2.1 Training and validation method

To analyse data, data analytics use a variety of analytical
techniques.ML is a database that analyses information and is
one of the most widely utilised techniques. It is a system that
can "learn" by expressing data structures and generalising
the related behaviours based on a dataset that the user pro-
vides [47]. A series of tasks are carried out in Phase 3 of the
present research approach to train and verify the employed
algorithms.

4.2.2 Dataset

The dataset is a table of the numerical values given by the
businesses in response to the survey sent to the number of
MSMEs, which are under investigation.

4.2.3 Data pre-processing

The replies to the queries were pre-standardized using a
format of numbers to facilitate examination by the clas-
sification algorithm. "No" and “Yes” have been assigned
numeric values as 0 and 1 respectively.All the responseswere
converted to logical values by converting them to a binary
range using multiple-choice questions of the survey. As a
result, the responses "completely disagree," "undecided", and
"disagree," get a value of 0. The responses "agree" and "com-
pletely agree" are assigned 1, respectively.
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In order to produce a homogenous data distribution, the
"oversampling" approach of data analysiswas used to the lev-
els below the onewith themajority of enterprises. To consider
the original dataset bias, oversampling entails continually
doubling the sampling frequency [48, 49]. This modifies the
distribution.When used to classify a sample of organisations,
the classification algorithm becomes more accurate in this
manner. Therefore, number of level 3 replicates are repro-
duced proportionally using the level 1, 2 and 4 samples.

4.2.4 Supervised algorithms

Using classification algorithms, supervised learning may
identify the category—for example, a level—to which a
new instance—for example, a company—belongs based on
prior observations. The classification algorithms havingmul-
tiple classes was used in these processes may deal with
many categorization categories. This score in the current
research correlated with sustainable maturity levels 1 to 4. It
should be noted that the specific management of the training
dataset affects how well classification algorithms perform.
Pre-processing and standardising the data make up this treat-
ment.

To prevent over adjusting the samples, the Cross-
Validation approach is used. In this strategy, k subsets are
used to partition the training data. The model is assessed
during training using subsets that are sequentially exploited.
The accuracy values of each model are computed once the
iterations are finished. Finding the matching mean of the k
trained models yields further accuracy and final error num-
bers [50, 51].

The algorithm training and validation processed were
conducted using the classification methods such as Support
Vector Machine (SVM), Naive Bayes (NB), and Random
Forest (RF). These methods were selected because they can
tackle classification issues concurrently by measuring the
variability of the samples available internally. SVM algo-
rithm is employed to forecast the classification of a novel
sample based on a dataset consisting of pre-labelled sam-
ples.

Also, RF categorises new samples depending on the prop-
erties of past ones,where the prediction is the principal option
of a decision tree. To classify a new instance, NB makes the
assumption that the predictive variables are independent of
one another.

Moreover, to assess the efficacy of algorithms learn-
ing models are used using various statistical approaches,
in accordance with the DCIE methodology [52]. Common
metrics used to evaluate this technique include F1-Score,
Accuracy, Recall, and Precision. The training and validation
procedure used for the algorithms’ categorization is shown
in Fig. 4. The data were split into two sets, 30% for validation
and 70% for training, for a Cross Validation technique.

Dataset 
Definition of the dataset 

Data pre-processing 
•Preparation of data 
•Normalization 
•Discrete count data 
•Unbalanced dataset 
  

Supervised ML 
•Selection of algorithm 
•Training model 
•Cross validation 
•Hyperparameter tune 
  

Selection of best algo. 
•Single/Combination 
•Statistical study 

Fig. 4 Supervised ML algorithm activities

4.2.5 Choosing the most effective algorithm

The DCIE technique consists of a number of steps that are
used to confirm the applicability and effectiveness of the
algorithm’s under-consideration [47, 52]. Based on these
considerations, the optimal classification method is chosen
to enhance or complete information heterogeneity using data
analytics predictions. To ensure the integrity of the con-
clusions, it is crucial to establish statistical significance by
consistently executing the classification algorithm in identi-
cal conditions, employing the same dataset, and monitoring
error rates. This is accomplished by analysing the standard
deviation and mean behaviour of each operation. In this
instance, the metrics used in the experiment were subjected
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Fig. 5 Machine learning process

Fig. 6 Training and validation
process
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Fig. 7 Confusion matrix

to 10 iterations of calculation to get the average and standard
deviation values.

The null and alternative hypothesis test is employed to
ascertain the statistical superiority of one algorithm over
another in terms of performance. The current study employed
the parametric student’s t-test to assess the independence and
significant differences between the average of the samples in
training and test. The obtained results indicate that all the
algorithms yielded p-values more than 0.05. The F1-score
is used to compute a consolidated measure of accuracy and
completeness, whereas the null hypothesis is employed to
determine the level of precision exhibited by the models. The
confusion matrix serves as an adjunct to these assessments,
providing a means to assess the efficacy of the algorithms
employed in the training phase. Figure 5 shows Machine
Learning process for proposed system and Fig. 6 shows train-
ing and validation process in selecting the bestMLalgorithm.

4.2.6 Results of algorithm training and validation

According to the findings, 30% of the 327 MSMEs were
employed to evaluate the model, and 70 percent of them
were chosen for training and validation. The classification
algorithms were trained using the tenfold cross validation
approach using training data to guarantee accurate and effec-
tive performance. Theoutcomes of the training andvalidation
process of the model indicated that Random Forests (RF)
exhibited superior performance as a classification model,
achieving an F1-Score of 94.10%, an Accuracy of 92.20%, a
Recall of 92.47%, and aPrecisionof 93.36%.The "Confusion
Matrix" approach was used by data analytics to illustrate and
evaluate the performance of the categorization algorithms. A
fresh sample of firms’ levels were successfully predicted by
RF with an accuracy of 93.36%. Figure 7 shows confusion
matrix and Table 3 lists results of algorithms.

Table 3 Classification results of algorithm

Algorithm F1-score
(%)

Accuracy
(%)

Recall
(%)

Precision
(%)

SVM 90.23 90.44 90.88 90.82

NB 92.83 92.74 93.21 92.88

RF 94.10 92.2 92.47 93.36

4.2.7 Evaluation on the test dataset

The 30 percent of the sampled firms that were chosen at ran-
dom to make up the dataset for the test were included in the
sample. In addition, the degree of sustainability maturity as
indicated by the model was used to categorise the organisa-
tions using the best classification algorithm, i.e., RF.

4.3 Integration of Industry 4.0 with circular
economymodel

Manufacturing MSME includes various types of component
producers, Service providers. Their scope of work varies
widely and plays pivotal role in value chain as suppli-
ers to OEMs or end customers. The MSME is striving to
improve its resource efficiency and minimize waste through
CE practices. Industry 4.0 technologies are aligning with the
principles of Circular Economy which promotes optimizing
resources and waste reduction [21]. Integration of Industry
4.0 in CE involves following stages-

4.3.1 CE model components

1. Material recovery and reuse: the MSME aims to recover
and reuse valuable materials from discarded or defective
electronic components. This serves as input material or
raw material for other or substitute products.

2. Predictive maintenance: reducing machine downtime
is important. Predictive maintenance can help predict
equipment failures and schedule maintenance before
breakdowns occur. Prediction helps in keeping uptime
of the machines, which enable improved efficiency of
man, material and machine.

3. Real-time ainventory management: real-time monitoring
of inventory levels helps prevent overstocking or stock-
outs, reducingwaste and optimizing resource usage. This
is helpful in monitoring shelf life in case of perishable
materials.
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4.3.2 Integration with Industry 4.0

1. Internet of things (IoT) sensors and data collection: the
MSME installs IoT sensors on manufacturing equipment
and storage areas to collect real-time data on production
processes, equipment performance, and inventory levels.

2. Data analytics and machine learning: collected data is
processed using data analytics and machine learning
algorithms. These algorithms predict equipment failure
patterns and optimize inventory levels based on historical
usage and market demand.

3. Closed-loop supply chain: through real-time data, the
MSME identifies defective components in the production
line. Industry 4.0 technologies enable the identification
of reparable materials, which can be reclaimed and used
in the production of new components.

MSME CE models integrate Industry 4.0 technologies
such as IoT sensors, data analytics, and machine learn-
ing. The sensors capture data from various manufacturing
process phases, allowing the company to monitor equip-
ment health, production quality, and inventory status in real
time. This data is analyzed by data analytics and machine
learning algorithms to forecast maintenance requirements,
optimize inventory levels, and identify opportunities for
material recovery. When a faulty component is identified,
the system can determine if any reparable parts or mate-
rials can be reclaimed, thereby reducing the need for new
materials.By incorporating Industry 4.0 technologies into the
CE model, the SME simultaneously accomplishes multiple
objectives: it reduces waste through material recovery, opti-
mizes resource utilization through predictive maintenance
and inventory management, and improves overall efficiency.
This synergy illustrates how Industry 4.0 tools can be utilized
to support CE principles and enhance MSME performance
metrics. This example demonstrates how Industry 4.0 tech-
nologies complement and enhance the CE model, resulting
in tangible benefits for MSMEs seeking to enhance resource
efficiency and sustainability.

5 Discussion

According to the model, only a few levels 1 enterprises have
inadequate maturity of sustainability. 9% of the enterprises
are in the service and commerce sector, 6% are in the build-
ing and civil works domain, and 3% are in the manufacturing
domain. Companies at level 2 have a basic degree of sustain-
ability maturity, while those at level 3 have a growing level
of sustainability maturity. Companies in the Level 4 stage
of sustainability maturity have established management and
sustainability practises that work well. Businesses at level 4

Table 4 Selection of optimal model

Algorithms F1-score (%) Student’s t-test

SVM 90.23 0.86

NB 92.83 0.87

RF 94.10 0.89

have organised management indicators, environmental prac-
tise programmes, and certification in quality management or
environmental management. Authors of the present investi-
gation were able to establish that the enterprises were aware
of the environmental effects of their activities thanks to the
findings of the categorization of the businesses.

It is advised thatMSMEs develop technology applications
to recognise and classify the components they employ in their
internal operations to boost their business relationships and
cooperative activities. The system supports decision-making
in businesses and governmental organisations. Best model
selection is tabulated in Table 4.

6 Conclusion, limitations and future
research agenda

MSMEs play a crucial role in the economies of numer-
ous nations, particularly those in the emerging economies.
However, apart from the presence of specific structural and
organisational vulnerabilities, the absence of readily avail-
able strategies and standards to reinforce the adoption of
sustainability within the internal operations of firms appears
to be a significant concern within the MSME sector. In
this context, the existing body of literature exhibits a lim-
ited number of studies and models that have thoroughly
incorporated the fundamental elements of sustainable devel-
opment. To assist businesses, identify their environmental
sustainability strengths and weaknesses, this study has cre-
ated a new CE model for MSMEs. The approach is broken
down into four tiers that include environmental practises,
management systems, and compliance with environmental
knowledge management. Using the DSR and DCIE method-
ologies, the model has been applied to several businesses.
The utilised model included data analytics to ascertain the
composition of the sampled group of MSMEs. The findings
revealed that within this group, 6% of firms exhibited an
insufficient degree of sustainability maturity, 31%were clas-
sified as being at a basic level, 45%were categorised as being
at a developing level, and 18% were identified as being at a
consolidated level. The case study demonstrated the need
of implementing sustainable strategies in stages for several
businesses. MSMEs can enhance their capabilities by using
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this model, as it enables the evaluation of ecological prac-
tices, systems for management, and knowledge retention.
Companies will therefore have the chance to develop their
internal procedures to define real-time environmental strate-
gies that balance the economic, social, and environmental
components of environmental activities. It is recommended
that MSMEs use the system via governmental agencies or
business groups. In such a situation, the model serves as a
flexible instrument that enables corporate decision-making
and assessment based on strengths and weaknesses to set up
ongoing development methods.

Furthermore, to measure the maturity level of sustain-
able business on a national scale, future research should
encompass not simply the evaluation of outside variables
pertaining to corporate environmental concerns, but addi-
tionally the broadening of the sample to include additional
urban areas. Investigate the incorporation of additional sus-
tainability indicators beyond performance metrics, such as
social and economic impacts. This holistic approach aligns
with the Paris Agreement’s goal of addressing environmen-
tal and social aspects of sustainability. Explore how Industry
4.0 technologies and Machine Learning can optimize cir-
cular supply chains, promoting sustainable sourcing and
reverse logistics. This contributes to reducing emissions and
resource consumption. Investigate the policy and regulatory
framework required to support the adoption of CE models
in MSMEs. Research can focus on how governments and

international bodies can incentivize circular practices to align
with the ParisAgreement’s climate goals. The future research
agenda for developing CE models in MSMEs using Industry
4.0 andMachineLearning techniques offersmultiple avenues
to advance sustainability, circularity, and climate action. By
addressing these areas of research, the work can make mean-
ingful contributions to achieving the goals and targets of the
prestigious Paris Agreement.
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Annexure

Annexure IClassification of the features that describe a factor
according to the requirements that must be fulfilled at each
maturity level.

Factor No Features Level 1 Level 2 Level 3 Level
4

Environmental knowledge
management

1 Employees are thought to have extensive
understanding about environmental
management

0 0 0 1

2 There are enough human resources to acquire
environmental knowledge

0 1 1 1

3 Financial resources are sufficient for acquiring
environmental knowledge

0 0 1 1

4 There are enough technology resources to learn
about the environment

0 0 0 1

5 The physical resources required to acquire
environmental knowledge are there

0 1 1 1

6 Employees get environmental care training 0 1 1 1

7 Environmental training takes place once a
month, twice a month, or three times a month

0 0 0 1

8 Every six months, environmental training is
performed

0 0 1 0

9 Every year, environmental training is held 1 1 0 0

10 Employees have access to appropriate channels
to share new environmental ideas

0 0 1 1
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Factor No Features Level 1 Level 2 Level 3 Level
4

11 Environmental training is used by the staff to
enhance industrial procedures

0 0 1 1

12 The business has recorded its operational
procedures

0 0 1 1

13 The staff is knowledgeable of the organization’s
environmental effects and their remedial
actions

0 1 1 1

14 The company’s primary strategy includes
environmental sustainability, which is one of
the top goals

0 0 0 1

15 Several of the business agenda’s priorities are
important to environmental sustainability, but
not all of them

0 0 1 0

16 While it is not a top priority for the organisation,
environmental sustainability is nonetheless
important

0 1 0 0

17 None of the company’s activities are related to
environmental sustainability

1 0 0 0

18 The workforce is knowledgeable with
environmental eco-efficiency and greener
production

0 0 0 1

19 The business has a programme or strategy for
environmental practises

0 0 1 1

20 The staff is knowledgeable about the issues of
the circular economy

0 0 0 1

21 The business has set up a method to record
outflows, such as spills of liquid substances,
gas leaks, gas–liquid mixes, and other
instances of inefficiency

0 0 1 1

22 Environmentally friendly procedures have been
used

1 1 1 1

23 There is a scheme in place to use less water and
save it

0 1 1 1

24 A programme for collecting and classifying
solid residues is in place

1 1 1 1

25 The business checks how hazardous leftovers
are disposed of at the end

0 0 0 1

26 Staff members often recycle office supplies 1 1 1 1

27 There are procedures in place to increase the
usage of industrial resources like oils,
lubricants, acids, etc

0 0 1 1

28 Recovered are the goods that consumers no
longer utilise

0 0 0 1

29 A post-sale repair service is now available to
prolong the functional life of items

0 0 0 1

30 Systems for monitoring noise levels are in use 0 1 1 1

31 The business compiles statistics on its water and
electricity costs

0 0 1 1

32 Environmental factors are taken into
consideration while choosing suppliers

0 0 0 1
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Factor No Features Level 1 Level 2 Level 3 Level
4

33 The providers abide by the applicable
environmental legislation

0 1 1 1

34 The workforce is familiar with environmental
management systems

0 1 1 1

35 There is an environmental management system
in place

0 0 0 1

36 The business has obtained environmental
certification

0 0 0 1

37 Nowadays, there is an environmental policy in
place

0 1 1 1

38 The government’s primary environmental laws
and regulations that must be followed by the
business are obvious

0 0 1 1

39 Operating environmental indicators are used by
the business

0 0 1 1

40 Environmental practises and the procedures
used to produce goods or provide services are
connected to the support of decision-making

0 0 1 1

41 A system for enterprise resource planning
(ERP) is in use

0 0 1 1

42 The company’s ERP systems include an HSEQ
(Health, Safety, and Environmental Quality)
module for strategic control

0 0 1 1

Annexure II General questions by factors.

Factors Questions

Environmental knowledge management Q1. Does the business believe that its staff have advanced understanding of environmental
management?

Q2. Does the business have enough people resources to acquire environmental knowledge?

Q3. Does the business have the financial resources to acquire environmental knowledge?

Q4. Does the business have enough technical resources to acquire environmental knowledge?

Q5. Does the business have enough physical resources to acquire environmental knowledge?

Q6. Have staff received instruction on environmental stewardship?

Q7. Do environmental trainings take place every month, every two months, or every three
months?

Q8. Does environmental training take place every six months?

Q9. Are environmental trainings offered annually or more frequently?

Q10. Does the business provide employees the tools they need to submit creative environmental
ideas?

Q11. Do the personnel utilise environmental trainings to increase productive processes?

Q12. Has the business recorded all its operational procedures?

Q13. Are the workers aware of the organization’s environmental implications and the
accompanying remedial actions?

Q14: Choose the statement that most accurately expresses the importance of environmental
sustainability on your company’s agenda: It is a key component of the overall strategy and is a
high priority
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Factors Questions

Q15: Which statement best describes the importance of environmental sustainability to your
company’s goals? It is significant for certain operations, but not for all of them

Q16: Choose the response that best represents the importance of environmental sustainability on
your company’s agenda in response to: It is accorded significant prominence despite not being
one of the agenda’s top priorities

Q17: Choose the response that best represents the importance of environmental sustainability on
your company’s agenda in response to It has no bearing on any of the operations of the business

Environmental practices and strategies Q18. Can you comprehend the terms "cleaner production" and "ecoefficiency"?

Q19. Do you have an environmental practise programme at your company?

Q20. Do you understand what the circular economy is?

Q21. Has the business established a procedure for reporting liquid spills, gas leaks, gas–liquid
mixes, or any other instances of inefficiency?

Q22. Has your business adopted environmental best practises?

Q23. Does your business have a programme for water conservation and effective use?

Q24. Do you have a solid waste collection and sorting programme at your company?

Q25: Does your business inspect the ultimate disposal of hazardous waste (items that are
corrosive, reactive, explosive, poisonous, and flammable)?

Q26. Does the workforce often recycle office supplies?

Q27. To maximise the use of industrial resources like oils, lubricants, acids, etc., does the firm
apply any treatments?

Q28: Does the business recycle the things that its clients no longer need?

Q29. Does the business provide post-sale repairs to extend the life of a product?

Q30. Does your business have a mechanism for measuring noise levels?

Q31. Does the business keep statistics on its water and electricity bills?

Q32: Does the business choose its suppliers based on environmental factors when making
purchases?

Q33. Do you think that your suppliers abide by the current environmental laws?

Management systems Q34. Do you understand the meaning of an environmental management system?

Q35. Do you have an environmental management system at your company?

Q36. Does the business have any environmental certifications?

Q37. Is there an environmental policy at the company?

Q38. Is it easy for your business to apply the key environmental policies and laws that have been
set by the government?

Q39. Do you have any environmental indicators for your business?

Q40: Are manufacturing or service delivery methods and environmental practises connected to
decision-making support?

Q41. Is there an enterprise resource planning (ERP) system at the business?

Q42: Does the business’ Enterprise Resource Planning (ERP) include a strategy-control HSEQ
(Health, Security, Environment, and Quality) module?
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