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ABSTRACT 
 

For many decades, the lean concept has been praised for improving efficiency, maximizing 
productivity, and minimizing waste in manufacturing operations. Lean production is expected to 
create an industrial ecosystem that is more cost-efficient and accountable for optimizing resources 
and processes. However, in the context of lean manufacturing, new challenges have emerged as a 
result of the recent emphasis on sustainability. This study aims to show several criticisms of lean 
implementation and propose a holistic approach to achieve a more sustainable operation. The 
green-lean model, sustainable manufacturing, agile supply, and Lean 4.0, are approaches for 
integrating lean practices and sustainability. This will foster a culture of continuous improvement, 
employee empowerment, long-term collaboration with suppliers, added value for customers, and 
increased innovation in the economy. 
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1. INTRODUCTION 
 
A management philosophy known as the lean 
concept seeks to minimize waste and create the 
effectiveness of manufacturing operations. Lean 
production's underlying concepts have changed 
over time. Toyota invented this strategy in the 
1950s, and Krafcik defined it in 1988 [1]. The 
terms Japanese manufacturing methods, Just-In-
Time (JIT) production, value-added process, 
continuous improvement operation, and 
stockless production were previously used and 
shared similar intentions to refer to the Toyota 
production system. Lean production/ 
manufacturing, lean logistics, lean supply chain, 
lean thinking, and lean concept were some of the 
specifications used to define the phrase further. 
 
Lean production has gained popularity over 
many years as a method to improve efficiency 
and reduce waste in manufacturing processes. 
Furthermore, lean principles can be applied to 
service operations as well. Lean service was 
introduced in 1998 by Bowen in order to extend 
lean to industrial services [2]. Many scholars 
believe that the lean process is a comprehensive 
solution to the challenges of traditional 
operations. While the lean concept has benefits, 
it is essential to examine its disadvantages and 
limitations critically. 
 

2. THE LEAN PRODUCTION 
REVOLUTION 

 
The constant pursuit of waste removal is at the 
core of lean production. In the context of lean 
manufacturing, waste includes not only physical 
waste but also any activity or resources that do 
not contribute value to the finished product. Lean 
procedures maximize effectiveness and resource 
use by locating and eliminating waste. Cost 
savings follow, making lean a financially sound 
practice [3]. 
 
The Kaizen principle of continual improvement is 
a cornerstone of lean thinking [4]. Employees at 
all levels actively participate in finding and 
implementing changes owing to lean procedures. 
This iterative process ensures that the production 
system is constantly improved by adjusting to 
changing conditions and consumer needs. The 
capacity of lean production for adaptation makes 
it a dependable and progressive method of 
operation. 
 
Another characteristic that distinguishes lean 
production is its focus on the JIT concepts. 

Companies using lean principles lower carrying 
costs and lessen the danger of obsolete stock by 
creating products in response to client demand 
rather than maintaining a large inventory. JIT 
encourages a more responsive and customer-
centric approach to production in addition to 
producing considerable cost savings. 
 
Flexible and adaptable staff members are highly 
valued in lean production systems. Employees’ 
ability to execute several tasks ensures that the 
workforce is prepared to meet shifting production 
demands. As a result, efficiency is improved, and 
employees feel more empowered because they 
have a larger role in the organization's success 
as a whole [5]. 
 
Lean production prioritizes quality control in 
efforts to reduce waste. The objective is to 
accomplish perfection—zero defects—rather 
than merely comply with industry standards. 
Lean approaches develop a culture of excellence 
by integrating quality into the production process 
from the outset, eliminating rework, and lowering 
the possibility of faults reaching the final 
consumer [6]. 
 
Lean manufacturing is correlated with the rising 
importance of environmental sustainability [7], in 
addition to its economic benefits. Resource 
conservation naturally follows waste reduction, 
and lean firms frequently develop creative 
solutions to reduce their ecological imprints. 
Lean manufacturing helps create an industrial 
ecosystem that is greener and more responsible 
for streamlining processes and resources. 
 

3. THE DOWNSIDE OF LEAN 
PRODUCTION 

 
Lean production has received praise for its 
effectiveness and waste elimination; however, it 
is important to consider its drawbacks. There are 
disadvantages to any methodology, and lean 
production is no exception to this. 
 
One of the main criticisms of lean production is 
its potential negative impact on employee well-
being. The aim to reduce waste and boost 
efficiency may put too much pressure on 
employees to fulfill the challenging production 
goals which can lead to increased work intensity 
and stress [8]. As a result of being expected to 
work quickly and with little time for relaxation or 
breaks, employees may experience increased 
exhaustion and burnout. Such working conditions 
may be harmful to employees' mental and 
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physical well-being, resulting in lower job 
satisfaction and higher turnover rates. 
 
Lean manufacturing also frequently uses a 
flexible workforce, using temporary or part-time 
workers to fulfill changing production demands, 
which can lead to job losses [8]. While 
businesses may gain from this in terms of cost 
savings, it may also leave workers with unstable 
jobs. The use of temporary personnel may also 
result in a lack of training and expertise, which 
could lower the end product's quality. A trained 
and engaged workforce can be hampered by 
frequent employee turnover, which also has a 
detrimental effect on the company culture as a 
whole. 
 
Lean production's susceptibility to supply chain 
bottlenecks is a serious risk as well [9]. By 
depending on suppliers to precisely supply 
supplies and components when required, the JIT 
strategy tries to reduce inventory. This limits the 
room for mistakes or unforeseen delays in supply 
networks, though. Any interruption, whether 
natural disasters, labor disputes, or 
transportation problems, can cause production to 
stop and cause big costs for businesses. During 
the COVID-19 pandemic, when global supply 
chains suffered serious disruptions and many 
businesses were unable to satisfy customer 
expectations, this vulnerability was made clear. 
 
Lean production also places a strong emphasis 
on cutting costs and focusing on short-term 
efficiency gains at the expense of long-term 
investments in research and development, 
leading to the sacrifice of product quality [10]. 
The integrity and safety of the finished product 
run the risk of being compromised when prices 
are reduced, and procedures are simplified. A 
relentless focus on efficiency might result in poor 
quality control procedures and shortcuts that 
could compromise consumer safety. This has 
been displayed in a number of industries, such 
as the manufacturing of food and automobiles, 
where poor quality control has led to product 
recalls and safety issues. Thus, it should be 
noted that lean production may not be suitable 
for all industries or production processes and that 
it requires significant organizational and cultural 
changes to implement successfully [8,9]. 
 
Lean manufacturing is believed to emphasize 
eliminating waste and improving productivity in 
the manufacturing process. However, it 
frequently ignores how manufacturing has an 
influence on the environment [11]. Increased 

energy use and carbon emissions may be the 
result of a focus on cutting inventory and 
minimizing waste. Additionally, the need to 
achieve strict production deadlines may result in 
the overuse of resources, which would worsen 
the environment [9]. These harmful externalities 
are often ignored in favor of immediate cost 
savings. 
 

4. TOWARDS A MORE HOLISTIC 
APPROACH 

 
Although lean has demonstrated success in 
lowering costs and boosting productivity, it is 
becoming increasingly clear that a more 
comprehensive strategy is required to fully 
achieve its promise. Traditionally, lean has 
gained popularity as a management strategy in 
the area of operations, and it is suited for 
accomplishing these competitiveness goals 
through more efficient processes, shorter lead 
times, and increased flexibility in offering a wide 
range of goods and services [12]. However, the 
lean methodology works best when there is a 
high volume, and predictable demand with 
supply assurance, allowing for the creation of 
useful products. Also, it typically overlooks other 
vital production elements that are ultimately 
critical to success, like employee satisfaction, 
environmental sustainability, and long-term 
strategic planning [9]. 
 
One of the key challenges of traditional lean 
production is its narrow focus on cost reduction 
and its short-term results. Organizations often 
neglect the long-term implications of their 
actions. Unintended consequences of this could 
include greater personnel turnover, lowered 
product quality, and harmful impacts on the 
environment [13]. 
 

To address these limitations, a more holistic 
approach to lean production is required. This 
approach should consider the broader context in 
which production takes place and the 
interconnectedness of various factors [1]. 
Employee happiness and engagement, for 
instance, should be a top priority because they 
are more likely to be productive and support 
ongoing improvement [14]. A supportive work 
atmosphere, chances for training and growth, 
and employee participation in decision-making 
are all ways that organizations might accomplish 
this. 
 

Environmental sustainability is another critical 
aspect that needs to be integrated into lean 
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production practices [7]. Although lean 
techniques aim to reduce waste, they often 
neglect the consumption of natural resources 
and their negative impact on the environment. A 
holistic approach would involve considering the 
entire product life cycle, from raw material 
extraction to disposal, and identifying 
opportunities to minimize environmental harm. It 
is encouraged that manufacturers combine the 
green model with lean concepts as suggested by 
Mor et al., [11]. Lean principles along with green 
models can improve efficiency and employee 
morale in various ways. The benefits of the lean 
concept, together with green models at the same 
time, help reduce environmental and human 
health risks throughout the product life cycle. 
Additionally, the integration of lean-green 
manufacturing practices can create 
environmentally friendly products. By adopting 
sustainable practices, manufacturing enterprises 
can improve their environmental performance, 
reduce costs, create a competitive advantage, 
and be more innovative across the value chain 
[11]. 
 
Moreover, a sustainable production system can 
also be adopted by implementing the six 
elements as shown in Fig. 1. Sustainable 
manufacturing is the creation of products using 
processes that minimize negative environmental 
impacts, and conserve energy and natural 
resources. In addition, it is more sustainable for 
workers, communities, and consumers, and is 
economically sound [15]. Sustainable 
manufacturing includes not only creating 

products that address sustainability goals but 
also sustainable manufacturing systems for all 
products. This is important because it highlights 
the need for simultaneous consideration of 
economic, environmental, and social implications 
associated with producing and delivering             
goods. 
 
Adopting sustainable production practices could 
include the use of renewable materials, the 
implementation of energy-efficient processes, 
and recycling or reusing products and materials. 
Therefore, companies can minimize their 
negative environmental footprint, conserve 
resources, ensure the safety and well-being of 
their employees and communities, and contribute 
to economic growth. 
 
Furthermore, a more sustainable approach to 
lean production should not be confined to the 
factory floor. It should extend to the entire value 
chain; from suppliers to customers [15]. By 
collaborating closely with suppliers and 
customers, organizations can identify areas for 
improvement and implement lean practices 
throughout the entire supply chain [16]. This can 
lead to better coordination, reduced lead-times, 
and improved customer satisfaction. Cox 
proposed a more responsive and agile supply 
chain to be implemented for low-volume 
production [9]. Table 1 provides a comparison 
between Lean Supply and Agile Supply, which 
shows that implementing an agile supply is more 
suitable to be adapted in the always-changing 
market environment. 

 

 
 

Fig. 1. Sustainable Manufacturing Processes (Haapala et al. [15]) 
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Table 1. Lean and agile product profiles (Cox and Chicksand [9]) 
 

 
 
Gil-Vilda proposed the evolution of lean 
management towards the current industry called 
Lean 4.0 [11]. To overcome the limitations of 
traditional lean production, Lean 4.0 combines 
the latest technologies with lean operation 
principles and tools to achieve the optimum 
benefits. In contrast to traditional lean 
management, Lean 4.0 uses updated 
technology, including artificial intelligence, to 
assist with human decision-making in production 
control, continuous processes, and early 
prediction of machine failure. Artificial intelligence 
can be used to optimize production control by 
predicting the best sequence of operations, to 
maintain continuous pull flow by predicting the 
demand and adjusting the production 
accordingly, and to predict machine failure by 
analyzing the data from sensors and other 
sources. Eliminating waste and difficulty, 
obtaining a higher degree of operational 
excellence, and finding areas where lean tools 
and 4.0 technologies may work together are all 
advantages of Lean 4.0 [17,18].  
 

5. CONCLUSION 
 
Although lean production has been successful in 
improving output and reducing waste, a more 
comprehensive approach is still needed to live up 
to its full potential. This approach should 
consider a broader context, including employee 
well-being, environmental sustainability, and the 
entire value chain in the production system. 
Linking lean practices with sustainability creates 
a streamlined production process responsive to 
customer demands, which signifies a holistic 
approach aimed at revolutionizing how value is 
created and waste is minimized. By adopting a 
comprehensive strategy, organizations can 
achieve long-term success, enhance business 
value, and create a more sustainable future. 
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