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Abstract: Industry 4.0 emphasizes developing an innovative approach to eliminating the problems
caused by environmental and shop floor waste, which is accomplished by a suitable process optimiza-
tion approach. The process optimization approach is used to maximize productivity within limited
constraints by observing end-to-end management systems. The present research work developed
an innovative agile model using the lean, smart, and green approach to improve operational perfor-
mance within limited constraints in Industry 4.0. The proposed model was developed by thoroughly
reviewing research articles conducted over the past decades on process optimization approaches
that include lean manufacturing, smart manufacturing, kaizen, and lean six sigma. The model
was validated through two real production case studies in the mining machinery and automobile
industries. The present article concluded that overall operational performance was enhanced in both
case studies by improvement in different factors, including working environment, worker efficiency,
environmental evolution, logistics management, and resources utilization. The authors of the present
article strongly believe that the proposed innovative agile model would help people in industry
make aesthetic and smart sustainable production systems in Industry 4.0 within limited constraints.

Keywords: lean manufacturing; green manufacturing; Industry 4.0; industrial sustainability; process
optimization approach; environmental impacts

1. Introduction

In Industry 4.0, the process optimization approach has provided positive results in
shop floor management due to production management team members’ emphasis on
implementing the approach. The process optimization approach is used to maximize
productivity within limited constraints by observing end-to-end management systems.
Nowadays, various approaches have been used, including lean manufacturing, smart
manufacturing, green manufacturing, kaizen, and lean six sigma [1,2]. These approaches
are used to maximize productivity by eliminating the wasted effort, energy, and materials
that are generated from non-value-added activities occurring in the production processes
in different shop floor areas [2,3]. Such wastefulness is a curse on any production system
because it always results in financial losses [4,5]. To rectify the problem, it is necessary to
eliminate all types of wastefulness that are present in the industry by adopting suitable
alternative approaches. Lean manufacturing is a prevalent approach in the present scenario,
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and it is used to eliminate several types of wastefulness [6]. The green manufacturing ap-
proach aims to reduce the negative impact of environmental issues, such as wasted energy
and materials, in every area of the shop floor [7]. The green approach allows industries
to achieve higher productivity for long-term performance within available resources [8,9].
The main objective of the green concept is to eliminate problems that affect the efficacy of
the management system [10]. These problems mainly arise due to deterioration in work-
ing conditions and environmental degradation, mainly including workers’ inefficiency,
resource depletion, increasing inventory, unhealthy working conditions, and disorganized
machinery conditions [11–15].

Smart lean–green is an open innovative approach in the present scenario of Industry
4.0 and it is key to the improvement in productivity problems on the shop floor. This
approach assists in eliminating different inefficiencies on the production shop floor [16].
Lean–green is an integration of two approaches, and it is used to eliminate the wastefulness
present in production processes and working environments [17]. Figure 1 demonstrates
that the objective of the lean–green approach works in the present scenario of Industry 4.0.
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Figure 1. Objectives of smart lean–green approach.

Nowadays, people in industry are facing problems in production control. These
problems result in lengthy production times as well as financial losses. To address such
issues, the members of production teams have been curious to identify the main sources of
the problems and have sought to eliminate the problems with an appropriate method. Ac-
complishing that end requires the help of effective approaches. Some previous researchers
have attempted to resolve such problems and have suggested ways to improve production
control [7,11,14,18–45]. The identified problems and suggestions provided in previous
research are described in Table 1.

Table 1. A review of previous research in terms of problems and suggestions.

Reference No. Approach Problem Solution

AR et al. [21] VSM

Poor layout

The production team looked at how production
operations were being conducted and identified
wastes in production areas that were responsible
for lower productivity levels and high
work-in-process inventory. All the identified
wastes were eliminated by appropriate action.

Naqvi et al. [22] Systematic layout
planning

Barbosa et al. [23] TPM Downtime

Proposed a guidance method for engineers
focused on developing processes with automation.
The proposed method was validated by the
improvements obtained in a case study of an
aerospace manufacturing environment.
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Table 1. Cont.

Reference No. Approach Problem Solution

Amrani et al. [24] Standardization Ergonomics issues

A methodology was devised to improve the
stability of the lean approach, and the method was
applied in a case study of the aerospace industry.
The result validated that the proposed
methodology achieved significant reductions in
defective rate, cycle time, work-in-progress,
and cost.

Rahman et al. [25] Kanban Communication
gap

Kanban was applied to case studies of Malaysian
SMEs to identify the effectiveness and constraint
factors of Kanban, and all the constraints were
identified. These included supplier employee
involvement, ineffective inventory management,
lack of quality control, lack of quality
improvement, and top management commitment.

Pattanaik et al. [26] VSM

Defects

The authors proposed a design methodology for
the implementation of lean philosophy in cellular
layout. The proposed methodology’s usefulness
has been validated by a case study carried out in
an ammunition component manufacturing
industry.

Sahoo et al. [27] Taguchi’s method

Suggested a systematic approach for
implementation of the lean concept with Taguchi’s
method and ANOVA. The approach has been
validated by obtaining reductions in defects and
work-in-process inventory in a forging industry.

Kumar et al. [28] Method study Unplanned
workflow

The authors conducted a case study in the
manufacturing industry to implement the lean
concept with method study. The elimination of
unnecessary operations proposed the optimum
workflow, and it resulted in increased productivity
up to 50% and improved financial condition.

Suhardi et al. [29] 5W1H technique, ECRS
principle

Workload
distribution

The authors implemented the lean technique in the
furniture industry and eliminated different types
of waste found on the production shop floor. The
result demonstrates lead time reduced by 4.79%
and also balances the workload received by
the operator.

Chen et al. [30] VSM

The authors proposed integrating lean and
radiofrequency identification techniques to
improve the effectiveness and efficiency of
warehouse management. The result reveal that the
lean approach could be able to obtain higher-level
improvement in operation time and performance
when applied with integration.

Santos et al. [31] VSM, 5S Absenteeism

The production team members conducted
interview sessions and questionnaires to
understand the employees regarding the status of
ergonomic issues and the various methods applied
in practice. It found after examining the analysis of
questionnaires and interviews that absenteeism
was reduced by improvement in working
conditions on the different workstations.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 215 4 of 20

Table 1. Cont.

Reference No. Approach Problem Solution

Rohani et al. [32] VSM, kaizen More workstations

The authors implemented a lean technique to
improve performance in the production of a paint
manufacturing industry. After eliminating waste,
production lead time and value-added time
decreased by 2.5 days and 31 min, respectively.

Mwanza et al. [33] TPM Unavailability of
machinery

Developed a total productive maintenance model
(TPM) to the maintenance system at a chemical
manufacturing industry. Direct observation,
questionnaires, interviews, and previous records
were selected to understand the actual working
condition on the shop floor. The researchers
concluded that TPM could reduce losses that
occurred by implementing necessary actions in
terms of machinery.

Lu et al. [34] Lean manufacturing,
kaizen

Lack of workers
contribution

Proposed a methodology coupled with lean
manufacturing and the kaizen approach,
implemented in a highly automated
manufacturing environment. The authors found
improvement in throughput, reliability of
production processes, and rework ratio in the
result. It was concluded that the improvement was
possible by the integration of the lean kaizen
approach.

Zhu et al. [14] Lean and green
manufacturing

Inefficient
production
processes

Presented a framework to remove challenges faced
in implementing the lean and green approach and
for improvement in production performance on
the shop floor. The framework was implemented
in a metal stamped part production line, and
production time and cost were reduced by
eliminating different wastes. Furthermore, the
result illustrates that the developed framework
improved production processes performance by
eliminating environmental waste and shop
floor waste.

Cherrafi et al. [11] Lean, green, and six sigma Lower
productivity

Proposed a framework to improve the
sustainability performance of production systems
by implementation of lean, green, and six sigma
approach integration. The resource consumption
and energy cost were effectively reduced in
different case studies, and it was validated
through proposed methodical guides.

Choudhary et al. [12] Lean and green
manufacturing

Ineffective
approach

The researchers proposed green integrated value
stream mapping as a process optimization tool and
applied it in the packaging manufacturing
industry. The outcome of the case study showed
an improvement in production performance, and
it was made possible by eliminating lean and
green waste.

Shet et al. [35] Smart manufacturing
Inefficient resource

management
system

The authors proposed a conceptual framework for
Industry 4.0 by identifying managerial
competencies. The research provided a
competency model to benefit policymakers,
business organizations, researchers, and other
stakeholders involved in developing the
capabilities required for an Industry 4.0 ecosystem.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 215 5 of 20

Table 1. Cont.

Reference No. Approach Problem Solution

Ghobakhloo et al. [36] Smart manufacturing

Lack of production
control

The research was concerned with identifying the
determinants of smart-manufacturing-related
information and digital technologies adoption
within small and medium enterprises. The results
show that a collection of environmental,
technological, and organizational factors
determines small and medium enterprises’
decisions for adopting smart-manufacturing-
related information and digital technologies.

Dey et al. [37] Smart manufacturing

The authors proposed a mathematical model to
make smarter processes by identifying imperfect
items in production processes. A non-linear
optimization technique was used to solve the
problem in the study. The results show that the
proposed model could save work-in-process
within limited constraints and at the optimum
value of the decision variable.

Buer et al. [38] Lean manufacturing and
digitalization

Lack of operational
performance

Discussed how operational performance in
Industry 4.0 is affected by lean manufacturing and
factory digitalization. The data were collected
from a cross-sectional survey of manufacturing
companies located in Norwegian. The results
show that lean manufacturing is more important
to reap the benefits from emerging technologies
and was able to enhance operational performance.

Li et al. [1] Lean smart manufacturing

Poor management
system

The authors proposed a conceptual model and
solution-based co-creative platform using lean
smart manufacturing in Industry 4.0. The model
has been implemented in the bicycle industry. The
results of the study confirm that combining lean
manufacturing and smart manufacturing can help
to set up a smart factory platform and enhance the
efficacy of the management system in Industry 4.0.

Ramdan et al. [39] VSM and Industry 4.0
technologies

Introduced a dynamic value stream mapping
model using the integration of Industry 4.0
technologies and lean tools for real-time
dispatching and scheduling modules. A simplified
IT-based software was developed and
implemented in a smart factory lab in the study.
The results show that the proposed model could
control the flow of smart production by
re-sequencing them in real time.

Dey et al. [40] Smart manufacturing Lack of production
management

system

The authors developed a smart production process
under flexible production rates and stochastic
demand. The study was concerned with variable
lead time, advertised dependent demand, and
variance under controllable production rate. Some
numerical examples were used to validate the
proposed model. In addition, classical
optimization was used to validate the global
optimality of the decision variables and cost
function. The study showed that the result could
increase system profits by reducing overall costs to
the manager.
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Table 1. Cont.

Reference No. Approach Problem Solution

Nakagawa et al. [41] Smart manufacturing

Reviewed reference architectures for Industry 4.0
and analysed their suitability for supporting
Industry 4.0 solutions and processes. Reference
architecture is used for building and interpolating
blueprints for software-intensive systems. The
results conclude that there is an urgent
requirement for establishing reference
architectures as a controller to drive the
development and evolution of Industry 4.0.

Previous researchers have appreciated the implementation of the lean approach in
production management [21,23,26,30–34], because it is an approach that was proven to be
able to solve almost all kinds of production problems. It has been observed in reviewed
research work that management team members were facing various problems in the control
of operational performance in Industry 4.0 using the lean concept. To eliminate these
problems, the authors supported integrating approaches that included lean manufacturing,
smart manufacturing, the internet of things, and green manufacturing [1,12,14,38]. The
results of the studies show that higher operational excellence was achieved in production
management systems where integration of approaches was implemented, and the results
also show that integration of approaches was able to deliver operational excellence even
in Industry 4.0. In the last few years, it has been observed that environmental waste has
emerged as a challenge for industry individuals [42]. Green manufacturing is used to
eliminate these challenges by eliminating environmental waste. The green concept helps to
understand the sources of non-value-added activities on the production shop floor [43].
Although applying the green concept in industries has yielded effective improvements, the
industry does not fully support the green concept as its constraints are too high, and it can
provide only limited improvement in production. On the other hand, implementing the
green concept in operation management works as a booster for industry individuals and
enhances industrial sustainability and competitiveness in management systems [46].

In recent years, production management has emphasized the development of new
technology to eliminate all types of waste, which could be capable of eliminating all the
waste related to the shop floor and the environment in Industry 4.0 [47]. The integration
of lean and green has proved successful in eliminating these wastes [44]. The authors of
the present study reviewed previous research on process optimization approach imple-
mentation for production shop floor management at an extensive level [48–51]. From the
literature review, it is concluded:

i. Previous researchers have developed several approaches for the elimination of waste
and concluded that the elimination of wastes could improve overall operational
performance. Still, no generalized approach has been provided that can identify
non-value-added activities at the beginning of production processes.

ii. Previous researchers have proposed several tools, strategies, and methodologies, but
have not proved that they can be applied in all types of operating conditions.

The objective of the present research work is to develop an innovative agile model
using the lean, green, and smart approach for improvement in operational performance
within limited constraints in Industry 4.0. The authors of the present work strongly believe
that the proposed model will prove an open innovative decision-making key in Industry
4.0 to industry individuals.

2. Literature Review

The process optimization approach has been popular in recent decades, even though
its goal and methodology are not new. The process optimization approach was initially
developed in Japan and called the Toyota Production System [52]. The process optimization
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approach included lean manufacturing, lean six sigma, kaizen, and total quality manage-
ment. Lean is one of the prevalent approaches in the present scenario because it uses
several strategies to focus on the elimination of non-value-added activities along with
resource utilization [53,54].

In the process optimization context, non-value-added activity is defined as waste that
occurs on the shop floor and never adds value to a product [55]. Several techniques include
Gemba walk, total productive maintenance, single-minute exchange of dies, just-in-time, 5S,
and value stream mapping to identify these non-value-added activities. These techniques
were developed as tools of the lean approach. The literature review proves that the lean
manufacturing approach has positively impacted production performance by eliminating
sources of non-value-added activity, and it also reduces inventories and lead time [56,57].

On the other hand, green manufacturing improves environmental performance in
industries within limited financial conditions. The green manufacturing philosophy intends
to enhance operational performance efficiency by eliminating environmental wastes [45].
Environmental waste is described as unethical uses of natural resources that could be
hazardous for human beings and the environment [58]. Researchers have been focused
on eliminating activities responsible for environmental waste because this waste directly
affects operational performance, economical condition, safety, health, and readiness of
workers. Figure 2 shows the possible causes of waste, including shop floor waste and
environmental waste, found in a comprehensive literature review.
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The previous researchers argued that waste directly impacts worker performances,
whether it is related to the environment or the shop floor [59,60]. Furthermore, they
demonstrated that environmental waste results in inconvenient operational conditions and
shop floor waste results in higher lead time. Lean manufacturing has been implemented
with the green manufacturing concept to eliminate this problematic condition in previous
research. In the present study, the authors identified probable reasons for both types of
waste and developed an agile methodology using a lean–green approach. A smart lean–
green approach is an emerging approach in Industry 4.0, and it is helpful to develop a
sustainable and aesthetic shop floor management system [61]. The objective of the present
article is to develop an innovative agile model using the smart lean–green approach for
improvement in operational performance within limited constraints. The proposed model
is validated by production enhancement, achieved in a case study carried out at an earth-
moving machinery assembly plant. The case study results prove that the proposed smart
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lean–green model would help industry individuals to create an aesthetic and sustainable
production system in Industry 4.0.

Integration of Lean, Smart, and Green Approaches in Industry 4.0

The competitive environment of the globalized industry places emphasis on industry
individuals to develop an open innovative approach for production management that
could be applied in all types of production system in Industry 4.0. To achieve this, several
process optimization approaches were integrated and called hybrid approaches. Lean–
kaizen, lean–green, lean–smart, and lean–six sigma were included in these approaches.
Among all these approaches, the lean–green approach was found to be optimal, as it proved
successful in eliminating environmental waste, including shop floor waste. The lean–green
approach also enhanced employee morale and quality.

The smart lean–green approach can provide a new opportunity to industry indi-
viduals to improve their operational performance; particularly, working strategy and
environmental conditions.

Caiado et al. [62] proposed a fuzzy-logic-based maturity model for supply chain
management in Industry 4.0. The proposed model was tested in a real manufacturing
organization. The results demonstrate that the proposed model could provide a robust
diagnostic tool for digital readiness in industries. Abubakr et al. [63] addressed chal-
lenges faced in the manufacturing industry to integrate sustainable smart manufacturing
performance. The results of the study reveal that the concept of smart manufacturing
improved the environmental quality. Saxby et al. [64] supported continuous improvement
in Industry 4.0 by the lean manufacturing principle. The analysis of the lean concept was
achieved by interviews of five quality specialists of industries. The results of the study
show that the adaptability of lean could be improved by integrating it with some other
new techniques. Saqlain et al. [65] proposed the internet of things framework to support
industrial control data, online monitoring, and smart manufacturing. The study results
show that the framework can control the productivity and prognosis of production lines
by converting collected data into useful data information. Gaspar et al. [66] investigated
the internet of thing’s technological capabilities by surveying small, micro, and agro-food
industries. The results of the study demonstrate that several opportunities for internet of
things solutions include mainly monitoring and measuring variables of production, which
can help managers make precise decisions.

Smart, lean, and green are three commensurate approaches because of the similar
waste reduction goals with efficient utilization of resources. Various studies have discussed
the relationship between smart, lean, and green by highlighting their integration in different
contexts and their benefits on operational performance. A comprehensive literature review
was carried out on recent research on the implementation of the lean–green approach.
From all these studies, it was concluded that:

I. Researchers and industry individuals found the lean concept to be efficient for sustain-
able production systems because the barriers of the lean theory are minimal, making
it easy to apply across industries.

II. It was found that the adaptability of smart–lean can be improved by integrating it
with green manufacturing, because the green concept aims to eliminate the waste
present in the production.

III. The researchers found that the lean and green concepts are implemented for similar
objectives because lean and green concepts are considered synergetic strategies for
production enhancement.

IV. The researchers concluded that integrating smart, lean, and green concepts improved
workers’ performance by providing an aesthetically pleasing work environment on
the production shop floor.

V. The researchers believed that a lean concept would be efficient when implemented
with the smart and green concept on production shop floors because lean could
eliminate shop floor waste and green could eliminate environmental waste.
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3. An Agile Model for Process Optimization Using Smart Lean–Green

Due to rapid changes in production conditions and the focus on new ways to control
production, production management systems lose their stability and fail to improve pro-
duction effectively [67–70]. For this, a new model needs to be created which can handle
any change in the production condition. The present research work objective is to develop
an innovative agile model using the smart lean–green approach to improve operational
performance within limited constraints. The model will also help to make an agile and
sustainable production system in Industry 4.0. The basic objective of developing the smart,
lean, and green model is to improve production system strategy within limited constraints.
It helps to strengthen the production management system and maintain industrial sus-
tainability in Industry 4.0 [71]. The model provides an aesthetic, operational environment
to enhance bottom-line and top management performance during production processes
on the shop floor. The literature review on previous research was used to develop the
proposed model, as mentioned in the present research article. The previous research work
shows that the management system failed to control operational performance in uncertain
conditions [1,2,7,8,11,12,23,24,36,42,71]. It was observed that the developed models in
previous research works had several limitations and could not provide efficient manage-
ment systems in uncertain conditions [22,26,27,33,34,40,42,49,53]. The uncertain conditions
include variation in product specification, limitations of constraints, resource unavailability,
continuous changes in guidelines, and unspecified profitability [30,32,34,48,51,52,72]. To
overcome these problems, the authors of the present research article proposed a model to
control operational performance in each production condition faced in industrial scenarios.
The developed model was developed by keeping in mind that it should be understandable
to all types of industries and production management team members and could be imple-
mented within limited constraints in Industry 4.0. Figure 3 shows the proposed model for
the implementation of smart, lean, and green concepts.
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The proposed model consists of five steps as shown in Figure 3. In step 1, Gemba
walk was used to observe the shop floor operational performance and production pro-
cesses. Step 2 demonstrates that planning of production management system includes
layout, work plan, logistics, and workload allotment. Step 3 determines the standards of
different factors active in the production management system. In step 4, improvement
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was carried out to optimize resources, time, work in progress, and cost. Step 5 describes
the proposed model’s applicability by evaluating production enhancement achieved in an
actual production condition.

3.1. Criteria for the Developed Model

The proposed model for smart lean–green implementation and management key was
based on the accumulated experience of previous research and adopted the essence of
various methodologies implemented in all research that wanted to simultaneously improve
environmental management and production shop floor management [6–8,10–13,20,44,46].
The criteria of the proposed model are described in Figure 4.
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The proposed model was developed mainly on four keys including (i) innovative
brainstorming sessions, (ii) shop floor synthesis, (iii) control points, and (iv) production
enhancement. The brainstorming criteria consist of thoroughly analysed previous research
and models developed. In the analysis of the shop floor synthesis, elements, factors, and
production terms are identified. The control points describe the solutions and modifications
derived for proposed production management systems. In the final stage, the proposed
model is applied to actual production situations and validated by increasing production.
The model has been implemented in two actual conditions, the assembly shop floor of
mining equipment and the automobile shop floor.

3.2. Guidelines for Developed Model

The challenge for the production management team is how to use lean and green
concepts to implement the developed model systematically to sustain productivity im-
provements in Industry 4.0. To achieve this, the concerned industry should consider
important key elements to ensure the effective implementation of the lean green concept.
The suggested keys for the effective implementation of the developed model are shown in
Figures 5 and 6 respectively. In addition, the main guidelines for implementation of the
proposed model are discussed below:

I. The commitment of management team members is critical for long-term success.
The top management must develop an open innovative strategy and method for the
positive working culture that considers intrinsic and extrinsic production environment
to improve the sustainability of operational performance.
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II. Lean uses several tools to identify and eliminate challenges and problems in obtaining
sustainability. The lean effectiveness can be enhanced by integrating other tools and
approaches, including kaizen, smart, six sigma, green, and total quality manage-
ment. The application of the lean and green concepts was found to be most efficient
because both concepts have the same objectives, to eliminate wastes. They work
simultaneously and synergistically in industries to achieve production enhancement.

III. Strategic planning and comprehensive production information are essential to deter-
mine the proposed model’s objective and success. Efficient strategic planning helps
industry individuals make decisions for the allocation of workers, machinery, and
financial orders to maintain industrial sustainability by the proposed model.

IV. The proposed model is used to enhance production within limited constraints by
obtaining sustainable operational performance in production processes. In addition,
the authors develop a strategy and problem-solving keys to manage production plan-
ning by optimizing resources. The keys support industry persons in implementing
continuous improvement and obtain sustainability in the production management
system in Industry 4.0.

The present research shows that the proposed model of smart, lean, and green helps
to overcome problems and challenges in the production management systems. The authors
of the present article proved the proposed model applicability to be efficient by two
case studies carried out on different shop floors. The proposed model helps to enhance
production within limited constraints.

4. Validation of Developed Model

The validation of the developed model was achieved by implementing it in two case
studies of Industry 4.0. The proposed model was evaluated to test its adaptability and
effectiveness in real production conditions by improving operational and environmental
performance. In the present industrial scenario, the need for the developed model can
be proved superior by achieving improvement in production. Thus, the proposed model
will prove to be a good option in future research work in operational and environmental
performance enhancement within resources options in Industry 4.0 through its application
in times to come.

4.1. Case Study 1

Management team members of a small enterprise of the automobile industry located
in India were interested in using lean and green concepts to increase resources, and the
expenditure involved in the concepts was according to their budget. The management
members paid special attention to the use of resources because there was a wide gap
between the position information about the resources given by the shop floor supervisor
and the industry’s basic information. Therefore, the production was reviewed in the present
work, and the developed model was implemented.

4.1.1. Examine

The main problems of the present automobile manufacturer were found by Gemba
walk and brainstorming sessions organized with supervisors, managers, and workers.
The investigation team found several issues on the production shop floor and concluded
that some activities were responsible for higher production time. The current production
condition, and the activities responsible for the low productivity, are detailed in Table 2.
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Table 2. Experimental production conditions on the shop floor.

S. No. Observed Data Quantity/Amount

1. Product Transport vehicle

2. Production type Push

3. Problem Poor quality, higher lead time, higher
work-in-progress inventory, financial losses

4. Causes of problem

Higher set-up time, congestion on shop floor,
uneven work allotment, poor layout, safety

issues, hazardous workplace, major leaks, direct
connection to operating system

5. Number of processes 7

6. Production line Semi-automated

7. Number of workers 16

8. Planned downtime 60 min

9. Automated machinery Tungsten inert gas welding

10. Total working time 840 min

4.1.2. Set

The present automobile industry receives large quantities of orders, so production
management favours a push system. Production management produces regularly. The
authors analysed all production processes and activities on the shop floor and developed a
systematic planning modified production workflow. The process flow of the production
operations involved in manufacturing the vehicle according to shops is shown in Figure 5.
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The developed production workflow was decided by different discussions, interviews,
and meetings conducted with present employers’ staff. As a result, the developed workflow
shows the optimum path between each workstation. Furthermore, it was prepared by elim-
inating different wastes identified on the production shop floor, including environmental
and shop floor wastes.
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4.1.3. Standardize

The authors and industry persons brainstormed additional ideas about industrial
sustainability and found some conclusions after reviewing overall production processes
and activities. The findings suggested some actions to be taken for production enhancement.
The steps are discussed as follows:

1. Add environmental temperature sensors;
2. Condition-based maintenance system;
3. Intelligent sensors to stop the machine when not in use;
4. Design software to decide optimum path planning;
5. Sensors and non-destructive testing system;
6. Organize training programs;
7. Resolve ergonomics issues.

The authors found from the production analysis that production can improve within
limited constraints by applying the above actions. These actions would be proved beneficial
for industry persons to control the production management in the future in Industry 4.0.

4.1.4. Optimize

After reviewing the performance of all factors, control points, and overall production
activities on the production shop floor, an optimal production plan is developed to mini-
mize production lead times and environmental impacts. Several production plans were
proposed to determine the developed production plan. The most optimal production plan
was selected that was necessary to maximize the operational performance from start to
finish of the production processes. The following parameters are to be analysed to decide
the optimum production plan:

1. Minimum movement between workstations;
2. Proper arrangement for water and electricity;
3. Sufficient workspace;
4. Systematic planning for machinery positions;
5. Connectivity between similar types of workstations.

4.1.5. Validation

In the modified production work plan, it was proposed that the manufacturing would
be operated in two shifts with 50 min/shift breaktime. In the proposed plan, all production
activities are systematically with the optimum plan with minimum utilization of resources,
minimum work-in-progress inventory, and minimum waiting time by elimination of waste
as decided in the previous section. The validation of the proposed model was carried
out by production enhancement achieved in the present automobile industry. The result
analysis was carried out by comparing the observed condition and the proposed condition,
and Table 3 shows the improvements achieved in the result.

Table 3. Analysis of observed condition and proposed condition.

S. No. Factors Present Condition Improved Condition Improvement/Suggested Action

1. Production lead time 590 min 410 min 180 min

2. Uptime 77.44% 80.51% 3.07%

3. Production per day 6 10 4

4. Ergonomics issues

Workposition, space at
workstations, lack in

ventilation, lack of safety
equipment, work in

open area

Resolved all issues Proposed new workplan with
optimum planning
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Table 3. Cont.

S. No. Factors Present Condition Improved Condition Improvement/Suggested Action

5. Environmental issues

Direct and random
connection of water and
electricity supply, use of

more operating systems at
a time

Provide new and
planned connection

points
Proposed new workplan

6. Communication skill Lower skill Updated skill level and
multi-tasking

8 multi-tasking worker and up
gradation in 6 workers

7. Machinery utilization
Malfunction, higher

downtime, unnecessary
uses

Eliminate probable
causes of problems

A condition-based monitoring
system, added sensor to on/off

when not in use

4.2. Case Study 2

The second study was carried out in a mining machinery equipment assembly unit in
India. The industry is a leading world-class mining machinery equipment manufacturer
using cutting-edge technology. This mining machinery is built to provide reliability, safety,
low cost, and easy maintenance. Moreover, it can survive in rough conditions and proves
its applicability over any surface conditions. However, it was found that the present
industry is facing problems in obtaining production enhancement within the industry’s
financial conditions.

4.2.1. Examine

The main problem in the present study was identified as a delay in delivery time. A
brainstorming analysis was conducted with the employees of the current employer, and
Gemba walk was used to identify the root cause of the problem. As a result, the industry
persons found different production problems. The present production condition, and the
activities responsible for the lower productivity, are detailed in Table 4.

Table 4. Experimental production conditions on the shop floor.

S. No. Observed Data Quantity/Amount

1. Product Skid steer loader

2. Production type Pull

3. Problem Higher lead time, work-in-progress inventory,
financial losses, higher downtime

4. Causes of problem

Congestion on shop floor, unnecessary
movement, higher set-up time, uneven

workload, safety issues, hazardous workplace,
major leaks, only one control point of power
supply, machinery malfunction, mostly on
condition of material handling equipment

5. Number of shops 5

6. Production line Semi-automated

7. Number of workers 46

8. Planned downtime 40 min

9. Automated machinery Profile cutting

10. Total working time 540 min

4.2.2. Set

The present industry follows a job shop production system and receives product
orders regularly. As a result, the industry makes a variety of products at the demand
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of customers. The authors reviewed production information obtained by Gemba walk
and proposed a production work plan to enhance production within limited constraints.
Figure 6 shows the proposed work planning for the production shop floor.
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The modified workflow plan has been selected by analysing all possible routes from
the beginning to the end of production processes. The production plan has been prepared
by eliminating all types of shop floor and environmental wastes identified in the present
production condition.

4.2.3. Standardize

After reviewing overall production activities and operational performance through
multiple brainstorming sessions, industry individuals and authors found the causes of
the production problems. The authors suggested some actions implemented for obtaining
industrial sustainability and production enhancement within limited constraints. The
actions are discussed as follows:

1. Set alert for shop floor working temperature;
2. Condition monitoring system;
3. Intelligent sensors to stop the machine when not in use;
4. Design a model to decide optimum path planning;
5. Proper workload distribution;
6. Organize training programs;
7. Conduct meeting of workers with top-level management;
8. Resolve ergonomics issues.

The production throughput was improved by implementing the above action on
the production shop floor. The authors believed that the proposed actions would benefit
industry persons in future production management in Industry 4.0.

4.2.4. Optimize

Several actions were suggested by the industry individuals, based on how suggested
actions can be implemented to improve operational performance. The industry individ-
uals use some parameters to optimize operational paths within available resources. The
following parameters are to be analysed to decide the optimum production plan:

1. A shorter distance between workstations;
2. Proper arrangement for power supply;
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3. Sufficient workspace at each workstation;
4. The fixed position of machinery;
5. The suitable communication channel between workstations;
6. Space to easily connect similar workstations.

4.2.5. Validation

The proposed model was verified by increasing production and minimizing environ-
mental issues in the current industry. The results obtained by analysis on the production
parameters between the proposed position and the observed position show that the pro-
posed workflow will increase production. Staff members and workers verified each case to
reduce environmental issues and a comparison between the two production conditions
proved that the proposed actions effectively reduce environmental damages. Table 5 shows
the comparison between observed and proposed production conditions.

Table 5. Analysis of observed and proposed production conditions.

S. No. Factors Present Condition Improved Condition Improvement/Suggested Action

1. Production lead time 7270 min 6895 min 375 min

2. Uptime 45.71% 58.37% 12.66%

3. Production per day 12 18 6

4. Ergonomics issues

Insufficient workspace,
higher working

temperature, lack of safety
equipments

Eliminate all causes of
problems

Proposed new efficient workplan
plan with improved working

conditions

5. Environmental issues

Only one power supply
point to operate material

handling types of
equipment, leakage of

fluids on the shop floor,
and the operating system

always kept running

Provide new control
points and modified

plan
Proposed new workplan plan

6. Communication skill Lower skill
Organize questionnaire,
meeting, and training

programs

Multi-tasking skills and improved
communication gap issues

7. Machinery utilization
Malfunction, higher
downtime, always in

running condition

Provide a sensor for
automatic on/off of

machinery, implement
a condition-based
monitoring system

Downtime and energy wastage
was reduced, and fuel

consumption was also reduced

5. Result and Discussion

To enhance productivity with minimal environmental issues, an agile innovative
model was developed and validated by implementing it in the real production conditions of
Industry 4.0. The developed model used smart, lean, and green manufacturing philosophy
to improve operational performance on the production shop floor. The developed model
used a team of industry persons of different departments and observed and scanned overall
production activities by Gemba walk and open innovative brainstorming sessions. The
goal of the developed model was to reduce each type of waste present on the production
shop floor.

The examples on the real production shop floor have been described in the previous
sections and provide guidelines to industry persons to understand the main problems and
issues through the proposed methodology. The guidelines help to eliminate types of waste
and improve production shop floor conditions and environmental issues. The results of
case studies show that productivity enhancement was achieved by the elimination of both
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types of waste, including shop floor waste and environmental waste. Figure 7 shows the
effect of different factors on operational performance on the shop floor. The impacts were
analysed from the feedback system conducted with the employees of different departments.
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6. Conclusions

The present research proposes an agile innovative model that integrates smart, lean,
and green concepts for improving operational performance on the production shop floor
in Industry 4.0. The proposed model describes the logical steps to achieve industrial
sustainability, and is easily understandable, simple in structure, open innovative, and can
be implemented within limited constraints across all types of industries. The model was
validated by improving operational and environmental performance in two case studies
performed at automobile and mining machinery units. It was found that overall operational
performance was enhanced in both case studies by improvement in different factors,
including working environment, worker efficiency, logistics management, and resources
utilization. The results show that the developed model is an open innovation strategy and
is sustainable for production enhancement and environmental performance improvement
in Industry 4.0. In the future, the efficacy of the proposed model can be improved by in-
depth case studies on the implementation of lean, green, smart manufacturing models for
industrial profitability through the establishment of industrial sustainability in Industry 4.0.

7. Future Scope

Production management team members in worldwide industries are focused on
responsibly controlling their shop floor activities to improve operational and environmental
performance [1,18,23,40,47,62]. A suitable model and approach are needed to accomplish
this, which has been attempted in the present research. The present research article develops
an innovative agile model using the lean, green, and smart approach to improve operational
and environmental performance within limited constraints in Industry 4.0. The results
show that the developed model proved suitable to enhance production by improving
operational and environmental conditions within limited constraints in Industry 4.0. Thus,
it can be implemented in industries that emphasize operational control by a suitable
approach, looking to achieve sustainability in shop floor management. The lean and green
concept is found to be efficient in shop floor management [6,9,44–46], and confirms that
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industry individuals could enhance production within limited constraints by integration
with smart concepts [61,68]. In the future, the developed model can be extended by
improving other industrial environments of Industry 4.0. Industry individuals need to
face problems in controlling operational and environmental performance for production
enhancement within limited constraints. The proposed model can also be modified by
extending shop-floor applicability by integrating lean, green, and other smart techniques.
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