
 

i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAPER WITHIN Production systems 

AUTHOR: Vigneshwar Harisekar 

JÖNKÖPING 2021 

 

Increasing sustainability 

performance in a SME 

Focusing on lean and green 

 



 

 

ii 

 

This exam work has been carried out at the School of Engineering in Jönköping in the 

subject area Production system with a specialization in production development and 

management. The work is a part of the Master of Science program.  

The authors take full responsibility for opinions, conclusions and findings presented. 

 

Examiner: Kerstin Johansen 

 

Supervisor: Melina Ettehad 

 

Scope: 30 credits (second cycle) 

 

Date: 2021-06-01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 



 Acknowledgement 

iii 

Acknowledgement 

I would like to convey my thanks to all the kindest hearts who have supported me dur-

ing this project tenure with humbleness. Firstly, to the University for allocating super-

visor Melina Ettehad. Her guidance about the subject was valuable to further 

strengthen the project. Throughout the work here continuous feedback enriched the 

thesis. 

I have chosen to relocate my place from Jönkoping to Stockholm near to my case 

company for the thesis work. During this tenure, many discoveries and meeting expe-

rienced persons have been a great experience. A special thanks to the case company 

owners for the opportunity to work in a Swedish culture company. My contact person 

of the case company has given me the freedom and support to work with the thesis. 

All the employees of the case company have contributed their best. Finally, I would 

like to thank my family and friends for their continuous motivation and moral support. 

 

Stockholm, June 2021 

Vigneshwar Harisekar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Abstract 

iv 

Abstract 

The SMEs are considered as the backbone of the country, they are contributing the 

biggest part of the country’s GDP (Gross domestic product). The SMEs are showing 

rapid growth and facing tough competition to satisfy the customer needs. The purpose 

of the report is to identify the solution to increasing sustainability performance and 

having the focus on the pillars of sustainability social, economic, and environmental 

in an SME within the production systems. The research is focused on enriching the 

qualitative study, to have an in-depth understanding, and triangulation of method has 

been used. The findings collected from the case company about the production system 

and current sustainability performance are presented. Then, lean and green paradigms 

are presented along with the overlapping factors. Then the findings are analysed 

which includes the cause-effect relationship for lean and green followed by a selection 

of lean and green tools such as 5S and VSM are analysed.  

The research provides a solution to regain its competitiveness for the SME in the cur-

rent industrial development by incorporating lean and green principles into their pro-

duction systems. The initial step for attaining it to kick start with 5S and, Value 

stream mapping. The conclusion of this research showing the sustainability perfor-

mance improvement suggestions is presented using lean and green tools into the SME. 

This research will be much needed for the present scenario especially for the SMEs, 

as they are the backbone of the country’s economy. This serves as a motivation and 

moves their focus to attain sustainability to serve evergreen with their customers. Fi-

nally, the future work of this research work along with managerial suggestion is pre-

sented which ensures to minimize the CO2 with leaner and green tools.  

 

 

Abbreviations 

SME    Small and medium-sized Industry 

LE       Large enterprises 

JIT      Just in time 

KPI     Key performance indicator 

VSM   Value stream mapping 

TPS     Toyota production systems 
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1 Introduction 

The research has the focus on increasing the sustainability performance to improvise 

the current production systems. The need for the SME (small and medium-sized enter-

prises) to improvise and update with the latest production processes. To have long-

term success, sustainability plays an important role to be more competitive. Thinking 

for the long-term and making sure to update their production systems is an important 

criterion in today’s world. The awareness for an SME is important to stay competitive 

and attain sustainable growth. Focussing on the three dimensions of sustainability 

such as Economic, Social and Environmental is recommended (Matinaro et al., 2019).  

1.1 Background   

The SMEs are considered as the backbone of the country, they are contributing the 

biggest part of the country’s GDP (Gross domestic product). The SMEs are showing 

rapid growth and facing tough competition to satisfy the customer needs. As they are 

more adaptable and flexible in satisfying the customer needs, even some Large enter-

prises (LE) have failed to do it (Yadav et al., 2019). There is a desire on improving 

the sustainability performance in SMEs. When considering the success for the long-

term, it is achieved through attaining sustainability in the organizations. The "lean" 

and "green" are considered to balance the system in the production process. The 

SMEs are looking for a balance between lean production principles and sustainability 

in their system. This helps them to be more forward into their business and be more 

competitive (Sajan et al., 2017).  

Lean manufacturing systems play a vital role in improving the SME's efficiency of 

operation by eliminating waste, as the SME’s lack sufficient information or 

knowledge for the benefits of implementing lean manufacturing. In the system of 

SMEs having non-value-added activities should be eliminated to have smooth opera-

tion and improve the performance (Ahmad et al., 2017). The concept of lean is still in 

evolving process in the current state. The eight wastes are considered deadly waste in 

the organization. The lean practitioner states them as over-production, defects, over-

processing, excess transportation, unutilized manpower, excess motion, waiting, and 

high inventory. Green is much needed to develop a better for ourselves and also pre-

serving for future needs. It helps the SMEs to build the production system focusing on 

the benefits of a better environment, highest return on investment and, offering a place 

to grow and attain knowledge. SMEs should focus the organization towards “lean” 

and “green” and upgrade the professional management techniques to accomplish the 

three pillars of sustainability social, environmental, and economic without substantial 

investments. Sustainability is a strategic approach that should be considered within 

the operations along with the lean (Sajan et al., 2017). 

The family-owned SME has less adaptability with the advanced work processes and 

operations, an advisor is needed to enrich the work processes and systems. The hand-

craft production is carried by family-owned SMEs they consider quality is important, 

and it is an important aspect in preserving their competitiveness (Bertschi-Michel et 
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al., 2019). The research gap has been addressed that there are fewer suggestions and 

implementation about evolving lean and green in an SME. Since lean and green are 

considered effective and implemented in LE. The reason is that LE has the 

knowledge, skills, financial power, and resources. Moreover, SMEs in some cases 

work with the firefighting activities and routine works. Planning for the long-term and 

thinking about sustainability is a key in today’s scenario to be competitive. This re-

search provides aid for filling the gap to show how the SME can have increased the 

sustainability performance in their production systems to achieve long-term success 

and continuous improvement to be competitive in the current scenario. This research 

has focussed on how incorporating lean and green in SMEs increases sustainability 

performance.  

1.2 Problem description 

Sustainability has become an important issue within SMEs. Arising from concerns 

over natural resource depletion, economic shrinkage, and social responsibility. In this 

regard, organizations are rethinking their products and processes while implementing 

environmentally responsible management practices. Because of their common empha-

sis on waste avoidance, resource quality, and addressing consumer demands at the 

lowest possible cost. The SMEs are forced to follow the demands of the different 

stakeholders (Hallam & Contreras, 2016).  

Traditionally, manufacturing efficiency and sustainability were the key strategic met-

rics for an SME. Organizations have been pushed to adapt their approaches to han-

dling systems and activities as a result of increasing demand from different stakehold-

ers to increase social and environmental efficiency (Cherrafi et al., 2017). The scarcity 

of natural resources becomes more apparent in the present scenario. Companies are 

looking towards less usage of raw materials, producing eco-friendly products, and 

maximizing productivity is a key. 

Conclusively, to have long-term success, balancing the triple-bottom-line is needed 

this applies to the case company. A lean and green approach to attain and increase the 

performance of sustainability is much needed and it paves a way for new opportuni-

ties and long-term success without much investment (Duarte & Cruz-Machado, 2019). 

This research neglects the myth and ideologies that SMEs think about lean and green 

as a costly process, needs higher knowledge and understanding. The SMEs also can 

adopt lean and green without much investment to overcome the competitors and sus-

tain the future challenges from stakeholders (Belhadi, Touriki, et al., 2018). 
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1.3 Purpose and research questions 

The purpose is to identify the solution to increasing sustainability performance and 

having the focus on the Triple-bottom-line (Environmental social and, economic). The 

research is based on implementing lean and green to increase the sustainability perfor-

mance of the SME. To fulfil the purpose, three research questions have been formu-

lated with a brief description to showcase the element of the questions.  

RQ1. What are the factors driving the SME to incorporate lean and green? 

Identifying the problem from the case and the literature review along with the cause-

effect relation (fishbone diagram). 

 

RQ2. What are the key lean and green tools that can be used to increase sustainability 

performance for SMEs in production? 

Investigating the different tools of lean and green that suit the SME and going 

through literature review, a number of tools are presented to evolve lean and green. 

 

RQ3. How to implement the selected “lean and “green” tools to increase sustainabil-

ity? 

Based on the above questions, the tools have been selected for the case and then sup-

plementing a framework for implementing lean and green to improve sustainability 

performance for an SME 

1.4 Delimitation 

This research is focused only on the production system of an SME. The sustainability 

performance is concerned to increase based on the three pillars of the production sys-

tems. It does not cover the different stakeholders, management, supply chain, and 

other disciplines. Due to the time constraint, two lean and green tools were selected 

for the research. The research provides information about the selection of the tools 

and a framework to implement these tools for SMEs. It does not explain the imple-

mentation phase in detail, because this differs within the companies. A general frame-

work will be a supplement for the implementation of the lean and green tools.  
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1.5 Outline 

Chapter two -Theoretical background, consists of a framework and is divided into 

three parts. 

 

Chapter three -Method & implementation, a set of methods have been selected for the 

research, which is described, motivated, and implemented. 

 

Chapter four- Findings, where the findings of the case company are presented along 

with the lean and green. 

 

Chapter five-Analysis, where the findings and the theoretical background are com-

pared and analyzed. 

 

Chapter six- Discussion, where the analyzed result and methodology are discussed. 

 

Chapter seven- Conclusion, here the explored solutions are concluded, recommenda-

tions and future research have been addressed. 
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2 Theoretical background 

The theoretical background is framed with three pillars to strengthen the project 

work. Figure 1 shows the theories such as Lean in SME, Production efficiency, and 

Sustainability in SME along with the sub-sections are explained in detail. The combi-

nation of lean and green is presented in the final section. 

Theoretical 
background

Lean in SME Production SME
Sustainability in 

SME

Toyota 
production 

systems

Non-value 
adding 

activities

Value stream 
mapping

5S

Environmental

Social

Economic

Lean and 
green 

paradigms

 

Figure 1 Theoretical framework (own source) 

2.1 Lean in SME 

Lean is based on the working processes and principles of the Toyota production sys-

tem. It has been a popular tool for many industries as stated, “Doing more with less”. 

The lean methodology aims for the highest quality, lowest cost, and lesser lead time in 

their production process . The need for a lean working environment in an SME is an 

increasing demand, there is a significantly lesser adoption of lean in SMEs when com-

pared to the large enterprises (LE). Most of the researchers found that for the success-

ful implementation of lean is the leadership, management, the organizational financial 

status of the company determines and influences the successful lean adoption 

(Belhadi, Sha'ri, et al., 2018). With the new insight on the effect of Lean manufactur-

ing practices (LMP) on social, economic, and environmental aspects, there is an evi-

dent generation of sustainability when implementing LMP in an SME (Sajan et al., 

2017). 
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Because the company could not successfully implement lean or awareness of lean the 

following effects in noticeable such as: 

• Bad layout 
• Lengthy set-up times 
• Poor workspace 
• Lack of training & planning 
• Insufficient equipment maintenance 
• Inappropriate methodology 
• Unclear and unstructured procedures 
• Lack of consistent knowledge and guidance 
• Supplier delivery, and quality concerns.  

Lean is a philosophy with many understandings, it has its origin from the Japanese 

‘Toyota production system’ (TPS)  (Shafiq & Soratana, 2020). 

2.1.1 Toyota production system 

TPS is an integrated social-technical system that has its origin from Japanese indus-

trial engineers. Later it has been adopted by western countries from the Japanese and 

increased performance results have been evident. The results show that increase in 

terms of quality, performance, customer satisfaction, waste reduction, and inventory 

reduction. The implementation of TPS has the significance of original manufacturing 

boundaries and the seven wastes (Chiarini et al., 2018). TPS can be said that effects 

are made to have goods in a continuous flow and cost reduction. The different con-

cepts include just in time (JIT), standardization of work, uninterrupted workflow, con-

tinuous improvement (Kaizen), and elimination of waste (Shah & Ward, 2007). 

Jadhav et al. (2014) say that TPS practices have been a key role in being a part of the 

sustainable lean implementation. It is important to know the value-adding (VA) and 

Non-value-adding (NVA) activities and elimination of NV is possible by using lean, 

and TPS. 

2.1.2 Nonvalue adding-activity 

The non-value-adding activities are a useless process that is not required by the cus-

tomers during the transformation process (transforming raw materials into products). 

The things in the production process which do not contribute any value are called 

“waste”. The different types of waste are evolved from materials, procedures, equip-

ment, and things that can be eliminated. The motive of lean is to make the system ef-

fective and efficient by the elimination of a different kind of waste. It applies to every 

organization whether it is small or big it increases the organization's profit or return 

on investment (ROI) (Jadhav et al., 2014). The different types of waste which should 

be neglected by the organization to have continuous production flow are overproduc-

tion, waiting, transportation, over-processing, defects, inventories, motion, and unu-

tilized manpower. The eight waste which should be neglected and considered as non-

value adding activities and increasing the production efficiency be done by doing only 

value-adding activities (Chiarini et al., 2018). 
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2.2 Production efficiency 

Production efficiency is an important element in increasing sustainability perfor-

mance. The principles, tools, fundamentals of the lean and green paradigms are con-

sidered to increase production efficiency. When considering the lean and green as-

pects of the SME it eventually can have an enriched focus on increasing environmen-

tal performance as well (Belhadi, Touriki, et al., 2018). The production efficiency 

could be achieved by incorporating some lean and green tools into the SME. 

2.2.1 5S 

The 5S framework is an integral aspect of the lean manufacturing model and is a 

tried-and-true technique for building more efficient workspaces that are used by lead-

ing factories all over the world. A systematic tool for standardizing and organizing the 

workplace. It is one of the most straightforward lean tools to introduce, with a quick 

ROI (Return on investment). 5S found to be the initial step for implementing the lean 

and acts as a foundation. 5S must be a collaborative endeavor, and the results must en-

able us to "see at a glance" what is in order and what is not. It still has to make the job 

smoother by finding a home for something that isn't needed is a waste of time and 

space (Kandpal, 2015). 

5S Standardization of work (SW) is the steps of instruction that have been designed to 

make a product more efficient. This helps to identify the waste generated during the 

process and specifies how the work can be performed to get a competitive advantage. 

“No improvement in the working process is possible if there is no standard” and this 

is considered as a tool in a lean production model. SW is composed of three key ele-

ments such as standard work sequence, standard cycle time, and standard work in pro-

gress. SW determines how operations should be performed in a production system 

workstation, preventing operators from executing operations at random. To respond to 

demand, this lack of randomness in manufacturing processes will minimize fluctua-

tions in cycle times since the sequence of operations is specified according to Takt 

time. This increases the efficiency in the production and a competitive tool (Mor et 

al., 2019). The 5s (work standardization) tool allows the organization to deliver the 

products at a lesser lead time. This tool can be used at the initial stage of the lean im-

plementation of the SME. Then followed by other tools which include value stream 

mapping, supplier development, employee engagement, etc, (Sahoo & Yadav, 2018). 

5S is a framework for reducing waste and increasing efficiency by keeping a clean 

work environment and using visual prompts to produce more predictable organiza-

tional outcomes. Sort (Seiri), Set in Order (Seiton), Shine (Seiso), Standardize (Seik-

etsu), and Sustain (Shitsuke) are the 5S foundations that offer a methodology for coor-

dinating, washing, creating, and maintaining a productive workplace. As in figure 2, 

the steps for doing the 5s are shown for an SME, it needs to be followed to bring a 

better workplace and culture within the production system. This is also should be 

done as a continuous improvement process. This turns everything from unorganized 

to organized workstations (Kandpal, 2015). 
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Figure 2 The system of 5s (Kandpal, 2015). 

The unorganized workplace stated by Kandpal (2015) as follows: 

1) Inefficiently manufactured products  
2) Inadequate arrangement of equipment and resources on the shopping floor 
3) Employees work in an unorganized environment. as a result, work becomes 

slow and disciplined.  
4) The production rate is not in sync with demand, facing the midst of a severe 

shortage or overproduction.  
5) The working process is not well documented; demonstrate. There is a lack of 

standardization. 

These are the major things that SMEs are into it, this is the outcome of the lack of 5S 

in their production system. 

2.2.2 Value stream mapping  

Lean manufacturing has proved to improve workplace efficiency, especially in terms 

of waste reduction. The workplace is commonly defined as the physical environment 

and location where work is done and arranged. It is important to ensure that work pro-

cesses run seamlessly and that non-value-added practices such as waiting time, over-

production, and unnecessary work are avoided. Almost all industrial sectors are now 

attempting to increase efficiency by reducing processing lead time and waste. How-

ever, most SMEs face challenges such as managing manufacturing waste. This is due 

to SMEs' lack of understanding or knowledge about the advantages of introducing 

lean manufacturing (Ahmad et al., 2017). 

Value stream mapping (VSM) is a tool used for used to improve efficiency in an or-

ganization. This tool identifies room for having opportunities to identify the areas for 

improvement. Firstly, the current state of the production system has been mapped so 

that the field for efficiency improvements can be identified and formulated. 
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Parthanadee and Buddhakulsomsiri (2014) and, Narke and Jayadeva (2020) say that 

VSM is an important tool that provides a holistic picture of the company regarding 

material and information flow starts from raw material and ends with the customer. 

The non-value adding activities are identified by the VSM and suggest the improve-

ment measures in the process.  

VSM symbols 

The traditional symbols are used to typify products, procedures, and information 

flows to plot the manufacturing processes on "maps”. The Symbols shown in figure 3 

are VSM process symbols and figure 4 shows the material symbol. These symbols are 

placed when designing a VSM. To start the present state, analyze the present state of 

the process in the SME in terms of information, material flow, etc, and start mapping 

roughly. Then according to the information and data, the present state of the process is 

sketched (Vamsi Krishna Jasti & Sharma, 2014). 

 

 

 

 

 

 

Figure 3 VSM process symbols (Vamsi Krishna Jasti & Sharma, 2014) 

Figure 5 illustrates the flow that has to be carried out when doing the VSM. From se-

lecting the product family, making the current state mapping, analyzing the current 

state to see any non-value adding activities, and tries to improve the flow by neglect-

ing a different kind of wastes. Then a Future state map is drawn accordingly, and a 

suitable suggestion has been shown. Figure 5 shows the five steps for doing a VSM. 

The first step is the selection of production family, based on the highest sales or high-

est relevancy the product is selected to do VSM. After drawing a current state map in-

cluding the information flow and material flow etc. The third step examining the 
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possible wastes and non-value-adding activities to eliminate. Then a final future state 

map has been drawn accordingly which can be followed and continuously improved 

(Vamsi Krishna Jasti & Sharma, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 VSM material symbols (Vamsi Krishna Jasti & Sharma, 2014) 

 

 

Figure 5 Flowchart showing five steps of VSM (Vamsi Krishna Jasti & Sharma, 

2014) 
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2.3 Pillars of sustainability 

Eikelenboom and de Jong (2019) say that for a long time, sustainability was consid-

ered to be the realm of multinational businesses, with SMEs' future commitments to 

sustainable growth attracting less recognition. Businesses must discuss their long-term 

sustainability results, which involve achieving positive economic, social, and environ-

mental outcomes. The triple-bottom-line of sustainability has been defined by a series 

of triangular principles that provide a holistic and interconnected approach to eco-

nomic, social, and environmental processes as shown in figure 6, pillars of sustaina-

bility (Zhong & Wu, 2015). 

The findings of research into this subject have been mixed. On the one hand, it has 

been proposed that SMEs should only rely on a few pillars of sustainability and deal 

with problems when they arise. SMEs find developing capabilities to address sustain-

ability a difficult challenge due to their capital, human, and organizational capital lim-

itations, which can raise their cost pressure and also contribute to a loss of market 

competitiveness. Due to their idealism, versatility, and innovativeness, empirical stud-

ies have shown that SMEs can concurrently serve as drivers of all three pillars of sus-

tainability. The question of whether and how SMEs can overcome their capital con-

straints and establish the requisite supporting organizational skills to push all three 

foundations of sustainability efficiency at the same time has remained unexplored to 

this point (Eikelenboom & de Jong, 2019). 

  

Figure 6 Pillars of sustainability  

Figure 7 depicts a selection of sustainability concepts from the literature that were 

used to investigate the links between sustainability and lean. It also reveals that not all 

concepts take into consideration the three dimensions of sustainability, and even for 

those that do, the "balance" between social, environmental, and economic viewpoints 

is still a little vague (Martínez León & Calvo-Amodio, 2017). 
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Figure 7 Definitions of sustainability (Martínez León & Calvo-Amodio, 2017) 

2.3.1 Environmental sustainability  

The term "environmental" is almost exclusively used to describe human contact with 

the ecosystem. To improve accuracy, consider “environmental” as a branch of the 

wider definition of “ecological,” i.e., the intersection of human actions and ecological 

processes (Morelli, 2011). The way the planet has used global natural capital in the 

past has put huge pressure on the atmosphere, depleting natural resources, polluting 

the climate, causing global warming, rising sea levels, and putting biodiversity at risk. 

It is important to consider the environmental effects of the surroundings, it is neces-

sary to consider this into the SME. This plays a major role in increasing the customer 

demands for the SME, to be competitive and accomplish the customer demands, the 

awareness of producing their products which has less environmental impacts. 

Environmental sustainability is not only limited to reduce CO2 in the supply chain. 

For an SME improving this pillar has an enormous advantage. This is the most de-

manding thing to concentrate on for the future, customers will look for eco-friendly 

products. They have an upper hand to explain their products to the customers with en-

vironmental information. This way the sales for an organization will be triggered. 

Having a focus on the environmental pillar will open more opportunities and has a 

good impact on other pillars of sustainability. This will be a competitive advantage es-

pecially for an SME (Zhong & Wu, 2015). 
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2.3.2 Economic sustainability 

The fact that environmental and social objectives have been established as important 

goals for SMEs. The economic pillar assesses a company's ability to effectively use 

capital to achieve a strong return on investment and long-term growth. Companies 

rarely work on sustainability as a whole and will require the three foundations of sus-

tainability. The loss of one pillar has an inevitable influence on the other pillars. Be-

cause of the budget deficits of SMEs, many businesses place a greater emphasis on 

governance and economic challenges while reducing or deferring more stringent envi-

ronmental and social concerns. Nonetheless, corporate sustainability cannot be ad-

vanced in isolation from environmental and social results because solutions to the sus-

tainability issue would involve maintaining the sustainability of all three pillars 

(Eikelenboom & de Jong, 2019). 

SMEs should be aware of the capital cost and operating cost. The cost reduction ideo-

logies in the production system are the key to attain economic sustainability. This pil-

lar should be given much importance for a long-term profit-making SME. Having 

more assets than liabilities is the important key to success. Assets include good ma-

chinery, tools, skilled laborers, and employees. Since most of the company has con-

cerned about the overhead cost, a good asset-based company is important with the 

present scenario (Jitmaneeroj, 2016).  

2.3.3 Social sustainability 

SMEs are thought to lack the capacity to embrace and practice social sustainability 

consistently. A variety of reasons may be blamed for this inability. For example, a 

lack of finance and capital investment, as well as a lack of experience, expertise, and 

understanding, as well as misperceptions about the position of SME owners and man-

agers. Around the same time, since SMEs account for the majority of global compa-

nies, the well-being of their employees and the achievement of sustainable develop-

ment goals cannot be guaranteed without making SMEs economically sustainable. 

Stakeholder aspirations and demand on SMEs to practice social sustainability remain 

unchanged. Stakeholder pressure produces a "mismatch challenge" between stake-

holders' aspirations and SMEs' willingness to incorporate socially sustainable activi-

ties (Chowdhury & Shumon, 2020). 

The practices and ways in which companies approach concerns relating to the health, 

protection, job advancement programs, rights, and welfare of people involved in the 

supply chain are referred to as social sustainability. Chowdhury and Shumon (2020) 

point out that the following are the main benchmarks for socially sustainable activities 

(SSP). 

1) Healthy and safe working atmosphere 6) Suitable working condition 
2) Adequate minimum wage   7) Non-discrimination 
3) Maximum work hours   8) Policy for forced labor. 
4) Right to enter an employee union 
5) Child labor program 
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2.4 Lean and Green paradigms 

 

Figure 8 Overlap of lean and green (Dües et al., 2013) 

One of the most influential managerial tools in the production system is lean. Prod-

ucts, procedures, properties, human resources, cost objects, and organizational frame-

works are all common subjects for "leaning" (Strzelczak, 2017). Not only has the lean 

model aligned with historical dominant corporate objectives such as profitability and 

performance, but it has also aligned with contemporary priorities such as customer 

loyalty, quality, and responsiveness. Companies have been forced to reconsider these 

priorities, and therefore how they conduct their activities and processes, to respond to 

the growing demand from customers for environmentally friendly goods and services 

that comply with government environmental regulations (Garza-Reyes, 2015).  

SME firms are pursuing more environmentally sustainable operations and goods, ne-

cessitating a greater balance between environmental friendliness and productivity 

gains. Strzelczak (2017) says that, because of the rising need for sustainable growth, 

green production has become increasingly relevant in this situation. Adopting and im-

plementing the Lean approach, which places a strong emphasis on waste elimination 

and reduction, results in more environmentally sustainable operations and goods. As a 

result, looking for initiatives that merge Green and Lean Production will lead directly 

to such balancing acts. 
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In figure 8, the overlapping of lean and green paradigms shows that the inter-relation 

between these two factors. Increasing the sustainability performance which includes 

minimizing cost and maximizing the performance. Target the non-value-adding activ-

ities that are considered as wastes in the production process, are taken into considera-

tion in this figure. The KPI for lean is the cost and for the green is CO2. As the tools 

discussed here for the lean-green production system are green value stream mapping 

and life-cycle assessment (Dües et al., 2013). In this phenomenon, the tools are not 

discussed much, but the key points have been highlighted such as Focus, manufactur-

ing, waste, customer, and KPI. The reduction of non-value adding practices, as indi-

cated by the lean model, will minimize energy consumption, water consumption, nat-

ural resource consumption, and non-hazardous solid wastes, such as packaging or 

scrap, all of which are considered green (Duarte & Cruz-Machado, 2019).  The opti-

mal use of energy and the removal of waste are the foundations of green–lean imple-

mentation. The green–lean approach, on the other hand, goes beyond waste reduction. 

The reduction of lead time, as well as the use of strategies and methods to manage in-

dividuals, organizations, and supply-chain relationships, are all listed as synergies 

(Duarte & Cruz-Machado, 2019). 
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3 Methods and implementation 

3.1 Research design 

The research is focused on enriching the qualitative study, to have an in-depth under-

standing, and triangulation of method has been used. The triangulation methodology 

consists of more than one data collection method to increase the research strength. For 

this research, some part of practical application has been extracted from the theory so-

called deduction method. It is used at the beginning of the project, having considered 

some key theoretical background and then some data has been used to observe the 

case company. This allows selecting the tools for lean and green from the theory and 

uses it for the case company. The deduction study is also used during the project, the 

theories have been selected for the project based on the observation from the case 

company (Mohajan, 2018). This research has been conducted from both the researcher 

and practitioner's point of view. 

3.1.1 Case study 

This project has been done by a case-study method, it offers an empirical investiga-

tion that establishes a causal connection. Sahu et al. (2021) say that by answering the 

'what' and 'how' questions of the research given, field-based research helps to reduce 

the gap in the practical applicability of academic research. The use of the case study 

as an exploratory research method to create new insight and to provide information 

from real experience rather than from existing theories (Belhadi, Touriki, et al., 2018). 

A case study has been done in a single company to get a holistic picture out of it. The 

company is a small-sized family-owned enterprise with fewer employees less than 50. 

They have a customized production type of products with high-mix-low volume. The 

production type is batch, with an average lead time for a product is 3-4 weeks. The 

case company has a focus on developing a production system concerning sustainabil-

ity. Because this serves as a key for being competitive in the present scenario. This is 

a motivation for the author to do a case study within their production systems. 

In Figure 9, the overview of the company management is shown, the top management 

of the company is the chief executive officer and the chief operating officer who takes 

care of the Quality, sustainability, sales, human resources of the company. Then the 

employee has the roles of production follow-up, sales, economy, logistics & transport. 

The company has a short-term goal of increasing the efficiency in the production 

system and having a good flow in the production.   
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Figure 9 Overview of the company management (own source) 

3.2 Data collection  

The data collection includes the compilation of several sources of data, as well as the 

use of several quantitative and qualitative techniques to establish a detailed under-

standing. In figure 10, there are various methods for collecting the data within the 

case company.  

Figure 10 Data collection methods for the case study (own source) 

DATA 
COLLECTION

Focus group

Gemba walk
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storming

Observation
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Literature 
review

Top 
management

sustainability,  
quality & sales
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follow up
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The data triangulation has been done to increase the validity, increase the quality and 

uncover a diversity of information for the case study (Stavros & Westberg, 2009). In 

the case company, the data has been collected by doing an interview with top manage-

ment, employees, and workers within the production. The interview is based on fram-

ing a set of questions that are given to the participants before in hand. and it has been 

recorded for in-depth analysis. The Literature review to derive the possible theories 

and understanding about the various concepts. A routine observation in the company 

helps to find out the improvement possibilities in the production line. Gemba walk al-

lows the author to monitor the production line and analyze accordingly. Brainstorm-

ing helps the author to think of possible and out-of-the-box ideas, which are used at 

various stages during the research. A significant and effective Focus group is used to 

obtain different dimensions of response from the participants (Crowe et al., 2011). 

3.2.1 Literature review 

The literature review is a technique for "identifying, analyzing and synthesizing the 

current body of completed and documented research work created by researchers." 

This includes both academics and practitioners. A literature review has been done for 

this research to find relevant theories to have in-depth information about the concepts. 

Some search strings include (Lean and green), (SME), (mass customization), (Sustain-

ability), and (small and medium-sized enterprises) (Siegel et al., 2019). As in table 1, 

it was conducted by using various filters to target the most relevant literature accord-

ing to the subject preference. Some of the filters include the year from 2010-2020 so 

that new technologies and information are preferred for this study. Using scientific ar-

ticles provides a high quality of research literature has been used. The Boolean opera-

tors such as “”, and not have been used to filter the research papers to the extent of 

saturating the important journals for the research. Some of the search engines are 

“Primo, google scholar, emerald, etc. The author narrowed the literature review fo-

cussed on SME and its related industries with high-quality journal papers for the re-

search (Bocconcelli et al., 2018). The search combination has been selected and in the 

final research having read the abstract, the author handpicked for this literature re-

view. 

Table 1 Literature review of articles in different search engines 

Search # Database Search 

combination 

Filter used Num-

ber of 

hits 

Search 1 Primo “Lean and green” Peer-reviewed, 

year (2015-2020), 

title & topic 

42 

Search 2 Emerald        

insight 

Pillars of sustain-

ability** 

Journals, year 

(2020-2021), 

open access 

87 
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3.2.2 Interview 

A qualitative approach is used to gain information about the social domain, this al-

lows to know the employee behavior, attitudes, emotion, and experiences. The inter-

view is conducted in the case company using a semi-structured type which includes 

open-ended questions. This allows the participant to speak more and have a good dis-

cussion (Mohajan, 2018). Before the interview, the researcher wanted to be able to as-

sess certain aspects of the phenomenon based on prior experience. The semi-struc-

tured interview approach was appropriate for researching people's views and beliefs, 

as well as complicated or emotionally sensitive problems, concerning the research 

topics. When participants had a low level of knowledge of the topic or when there 

were topics that they were not used to discussing, such as beliefs, intentions, and ide-

als, the approach was also acceptable (Kallio et al., 2016).  

The semi-structured interview has conducted within the top management and few em-

ployees responsible for the production. Much importance is given to the bottom-level 

workers, as they are the persons working in the production. All the interviews have 

been conducted in real-time. Before starting the interview, the author provided the 

necessary rules and set a framed question. The questions are framed to cover the re-

search questions and also derive the holistic perspective of the case company. The au-

thor had multiple interview sessions with the employees and the top management to 

analyze and research the situation and also to find the dark spots (Kallio et al., 2016).  

3.2.3 Gemba-walk 

Gesinger (2016) says that Gemba-walk is derived from the Japanese word that means 

“The real place”. The Gemba-walk approach is based on the idea that to fully compre-

hend a problem, one must go to the actual workplace and observe the effect of what is 

going on, which affects a variety of workflow and value streams. To enhance the 

Gemba-walk the author used 5 why analysis to question the working process in the 

production area. The root cause analysis(5-why) has been used for every production 

activity by asking (Why, What, when, where, who) to the workers. The questioning 

technique encourages critical analysis by asking a systematic and progressive set of 

questions about each operation to identify waste sources and make improvements. 

Along with finding room for improvement, the Gemba-walk increases the 

Search 3 Springer 

link 

Small scale indus-

try 

Year (2015-2021), 

peer-reviewed, 

discipline, subdis-

cipline 

41 

Search 4 Science 

direct 

Sustainability 

AND SME 

Year, reviewed ar-

ticle, Journal type 

45 

Search 5 Primo Production effi-

ciency AND SME 

Year (2015-2021), 

peer-reviewed, 

topic & title 

46 
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connectivity and builds a relationship with the workers. This leads to receiving more 

precise and unbiased working instruction from the workers (Seth et al., 2017). 

3.2.4 Brainstorming 

The tool for generating new ideas and for better decision-making in the process. This 

helps to activate the personal way of thinking and also for the group in an organized 

way (Yazdani & Tavakkoli-Moghaddam, 2012). This allows having hands-on experi-

ence creative thinking, innovative, dynamic, integrative and, holistic thinking. The po-

tential benefits of brainstorming have been a successful tool for many industrial group 

members and also for individuals. This is selected as one of the tools for this research 

which is used at various stages. This method is effective for this research as in figure 

11, how it is used to conclude a solution starting from the selection of area until an 

optimum solution for any problem. This applies from the selection of method, theoret-

ical background, selection of tools to implement lean and green tools into the SME 

(Karakas & Kavas, 2008). 

 

Figure 11 Steps for the brainstorming (own source) 

3.2.5 Observation 

It is a qualitative approach of data collection method which helps the researcher to see 

the reality of the situation. It helps to understand various aspects of the interaction be-

tween the workers, employees, and top management of the organization. Especially in 

an SME with lesser employee fewer than 50 people, have the opportunity to do obser-

vation in depth. In figure 12, the steps involved in observing the company has shown. 

Examining the production line, information management, engagement of the em-

ployee, communication, and, day to day activities. These include the visual examina-

tion and also verbal communications in the organization (Morgan et al., 2016). 

Visual examination is important to observe the whole system at first, like how the 

company works, culture, methods that they follow, etc. The first thing for this 

STEP 1

Selection of the area eg: activities in production, tools for lean and green etc,.

STEP 2

Target the area and generate ideas eg: Any theories, alternatives

STEP 3

Assess the quality of ideas without any criticism  

STEP 4

Deriving an optimum idea that has the solution for a problem
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research is to observe the production line, starting from the customer demand of the 

product. The production planning of the company to order the raw material and satis-

fying order to the customers. The entire production line is observed with the infor-

mation flow and process flow. The observation is executed by planned and unplanned 

visits during the working time & unworking times. The observation has a great poten-

tial to find the hidden clues for the research. The employee relation is observed be-

tween each other, to know the communication style, trust, accomplishments, and fol-

low-up. After the visual examination is completed on a particular day. The analysis 

has been done to use it for the research work. All the observation has noted in the di-

ary/ notes, the key observation is highlighted, and this result is used completely 

throughout the research. 

 

Figure 12 Observation flow of the SME (own source) 

3.2.6 Focus group 

A focus group is a form of group interview in which participants address a particular 

subject with the help of a moderator. Focus groups are used to gather information 

about people's thoughts, behaviors, comprehension, and perceptions, as well as to 

learn the common vocabulary and thought habits of a subset of the target audience 

when they discuss a specific subject. Focus groups have the distinct advantage of en-

couraging participants to hear and respond to a variety of views, in addition to the 

benefit of interviewing many individuals in a limited amount of time (Plummer, 

2017). According to the guidance given and the possible challenges to face when hav-

ing a focus group, it has been explained in Sim and Waterfield (2019). A balance 

should be struck between preventing or shutting down potentially distressing dialogue 

and silencing the voices of those participants who might be relevant or helpful to such 

discussion.  
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For the research, a set of focus groups has been organized, for each focus group, a set 

of questions has framed using Brainstorming. The questions are generalized so every-

one has the chance and knowledge to answer and to build conversation accordingly. 

The author has ideas to present the focus group in the form of a presentation rather 

than reading questions from the notes. This creates an understanding of the methodol-

ogy and maximizes the benefit of using a focus group. The entire discussion has been 

transcribed and used for the analysis. With the analysis the author able to come up 

with a general understanding which the company has towards the subjects lean, sus-

tainability, etc. 

3.3 Research quality 

The quality of the research is maintained throughout the progress, every piece of in-

formation has been collected in a database which includes an interview, questionnaire, 

focus group, etc. The information and the meetings have been recorded along with do-

ing the transcription to ensure quality and feasibility. The author has a diary that helps 

to note in detail during the observation of the case company (Munir Ahmad & 

Alaskari, 2014). 

3.3.1 Validity and reliability 

In the research work, it is important to have enriched validity and reliability. The de-

gree to which results are stable over time and provide an accurate reflection of the 

overall population under analysis is referred to as reliability. The results of a study can 

be replicated using similar methods, the test instrument which improves the reliability. 

The research is done by the case study approach that is focused on the desire to ex-

plain a real-life phenomenon. The researcher gaining new holistic and in-depth under-

standings, explanations, and interpretations about previously unseen practitioners' rich 

interactions, which can derive as much from artistic experimentation as research de-

sign. This case study serves as external validity, the findings and results obtained from 

this case can generalize to all the similar SME companies (Riege, 2003). The cause-

effect relationship has been established for this research to further enrich the quality in 

terms of internal validity. Some techniques have been used to increase the validity and 

reliability of the research.  

These are the techniques used to increase validity:  

• Maintaining as detailed a record of the observations and decisions as possible. 

• Data is recorded electronically, such as on a tape recorder or videotape, and 

then transcribed for data processing. 

• Ensures the results from multiple data sources are meaningfully parallel. 

• Prolonged duration of the researcher in the field to increase the trust. 

• Using triangulation of data 

• Peer debriefing, being transparent and open to criticism. 

• Members checks with the participants. 

• Maintaining an audit diary  
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• Growing the research validity by using peer-reviewed journal papers as a start-

ing point (Riege, 2003). 

The test-retest and check questions approach has been used to assess if the accuracy 

of which questionnaire [test] items are answered or whether an individual's scores ap-

pear relatively the same at two different intervals. The check questions are prepared to 

have the same motive but designing the questions differently concerning one another. 

The test-retest conducted with a similar question has been asked until it completely 

gets saturated. The questions asked during the interviews have been asked again with 

the questionnaire and also in the focus group. This helps to improve the quality of the 

report's reliability (Golafshani, 2003).  

The accuracy and rigor of the current analysis were tested using Guba and Lincoln's 

parameters. In terms of data credibility, the authors maintained a long-term relation-

ship with the respondents to gain their confidence and gain a deeper interpretation of 

their experiences. Besides, some of the participants were sent the coding and evalu-

ated responses to see how they expressed their views and perspectives (member 

check) (Yoosefi Lebni et al., 2020). The credibility, transferability, dependability, and 

confirmability parameters developed by Guba and Lincoln for qualitative studies in 

data coding were used to improve the study's accuracy. Long-term participation and 

constant insights were used to boost the study's reputation, so the researcher became 

completely engaged in the study, properly developed communications with partici-

pants, and acknowledged certain profound ideas emerging from the study. Also, inter-

views and analyses of scientific texts were used to accomplish this aim 

(Mohammadpour et al., 2020). 

3.3.2 Ethics & Morale 

An important part to consider when doing the research work in the case company. Be-

fore the project work initiates the author signs the confidentiality agreement along 

with the case company. No sensitive data have been exposed through the research 

work. There was an emphasis on protecting anonymity and preserving the dignity of 

retaining and providing truthful information without saying people's names. Partici-

pants were then allowed to quit the interview at any time if they so desired, and they 

were guaranteed access to the study results if they so desired. The participant is pro-

vided with the scope of the meeting and after mutually agreed upon each other the in-

terviews have been conducted. Throughout the project, the author built trust upon the 

employee for their sensitive information (Yoosefi Lebni et al., 2020). 
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4 Findings 

In this chapter, the findings collected from the case company about the production 

system and current sustainability performance are presented. Then, researched lean 

and green paradigms are presented which includes the overlap and different tools. 

4.1 Case findings 

The family-owned small-scale company has top management of two people who are 

the owners of the company. The employees work in a multifunction activity along 

with their routine work. The CEO, COO is the top management. The production fol-

low-up deals with the suppliers for placing raw materials according to the customer 

demands. Further, the different roles and responsibilities are given in table 2. 

Table 2 Roles and responsibilities of the case company 

Role Key Responsibilities 

CEO Sales, Marketing & Production  

COO Quality, Sustainability & Human resources 

Production follow 

up Scheduling & controlling the production 

Economy Finance of the company 

Sales Assigned to sale on different product segments 

Logistics Transport co-ordination and packing the finished goods 

Workers Sewing operation of the products and operating machine 

 

The company in the present scenario needs to become effective to maximize utiliza-

tion of the existing resources and efficient to serve their customers and enrich their 

competitiveness. The case company is facing the demand variation and finding ways 

to adapt to the current industrial world. They are offering flexible working conditions 

to attract customers. Adapting capacity downward to sustain high levels of resource 

usage or upward to prevent losing earning opportunities due to capacity constraints is 

a key competitive challenge for SMEs. Demand fluctuation is caused by a variety of 

factors, ranging from predictable seasonal shifts in consumption to sudden macroeco-

nomic shocks (Claussen et al., 2018). 

Cutting-Machine /
manual

Overlocking Sewing
Packaging/ 

Shipping
 

Figure 13 Steps of the production process 

Figure 13 represents the production process; the first process is cutting. The cutting 

operation is done by both manually using the hand and with the automated cutting 

machine. For this operation, one worker is responsible for the cutting operation. The 
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next step is the overlocking operation and sewing operation, the four workers are re-

sponsible for this process. After the product has been completed it moves to the pack-

aging and shipping process. For this logistics, the employee is responsible for storing 

the products and shipping them to the relevant customer. 

In figure 14, the company production layout is shown. There was a total of four work-

ers, they do the sewing operations of the highly customized products. The workers do 

batch production according to the production schedule. There is a trolley station 

which is used by the worker. The workers use the trolleys to pick the raw material and 

also for placing the finished products in the rack. The arrow marks on the left side 

represent the movement of transportation by the workers either by walking or, with 

the trolley. On the right side of the layout, the arrow mark represents the movement 

for a forklift and trolley. The cutting board is used for the manual cutting operation 

along with the automated cutting machine. There is an eyelet operation for assembling 

the accessories of the product. 

The core of the production system is the workers, they have vast experience and some 

of them are working for a long term since the company has been started. The work in 

the production is carried out as a decentralized system. Once, the information has 

been given from the production follow-up they will start working on it. The infor-

mation flow is carried out in terms of the social system. They reach by direct commu-

nication in person and the efficiency of the computer utilization is very less (Yoosefi 

Lebni et al., 2020). 

 

Figure 14 The production system of the case company 

The customers of the case company are reviewing the demands and expecting the case 

company to continuously improve its performance. The case company has fewer em-

ployee and have a constraint in their resources in terms of financial and unawareness 

of present lean and green tools. Fulfilling the customer's needs and looking at the pre-

sent market behavior is their day-to-day routine work within the company. The strong 
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interest in the environmental and social pillars of sustainability is considered an im-

portant priority for the organization to tackle the current challenges and a competitive 

upper hand in the future. The COO responsible for Sustainability and Quality says 

“The big issue is that we need to develop that cost-effectiveness production for our 

customers. We need to show the customers or world that to be part of a better world 

social responsibility”. 

Most of the sustainability practices are to follow the customer's demand and start to 

implement and have the sustainability principles. Right now, the company is finding 

its way to increase sustainability within its supply chain. With the excellence in good 

quality and deliverability to the customers, the case company continuously producing 

the products to different market segments. To reduce the cost of production and grab 

the market opportunities are considered as the important priority for now.  

Table 3 Findings of the pillars of sustainability concerning the production 

To increase the sustainability performance for the SME, firstly based on the various 

data collection methods used for this research helps to know the current sustainability 

performance of the production line. In table 3, the findings have been gathered to il-

lustrate the sustainability performance of the current production system of the case 

company. The production system concerning the three pillars such as environmental, 

social, and economic sustainability have shown. The production line is divided into 5 

areas to do in-depth analysis and discuss in the later part of the research. The Produc-

tion area works with day-to-day activities regarding workers showing how the 
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different parameters of sustainability have been measured. The Skills and training, 

able to see the proper environment for the workers to grow and improve their attrib-

utes, from the social perspective the workers are observed about the knowledge and 

training given to them. From the economic perspective how the company works with 

investing or contributing to the company’s growth. The Production process shows the 

nature of the process, efficiency, utilization, etc, the three pillars reflecting the present 

production process information. Machinery and Waste are also reflecting the pillars of 

sustainability. Finally, the findings of current sustainability performance need to be 

increased using the lean and green paradigms. 

4.2 Lean and green tools 

The lean and green tools are focused on for this research. After the gathered current 

sustainability performance, it is important to use lean and green. Here based on the 

data collection method the combination of lean and green is presented with the differ-

ent tools. The tools are explored which has the potential to increase the sustainability 

performance for an SME. 

The various lean and green tools have been illustrated in figure 15, for SMEs, these 

tools offer a way to increase sustainability performance for the organization. A total 

of 26 lean and green tools are specified by Siegel et al. (2019). According to the com-

pany’s needs and preferences, the tool can be selected. These tools have functions that 

differ from one another. All these tools do not require many investments, it is de-

signed especially for the SMEs. 

 

    Figure 15 Lean and green tools (Siegel et al., 2019)    
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5 Analysis 

In this chapter, the findings collected from the case company and lean and green par-

adigms are analyzed with the theoretical background. This chapter includes the 

cause-effect relationship for lean and green followed by a selection of lean and green 

tools such as 5S and VSM are analyzed. The analyses concluded with the overlapping 

and possible trade-off with lean and green are presented. 

5.1 Cause & Effect for lean and green 

Due to the various causes in the production system, it creates a need for SMEs to have 

a focus on being competitive. Based on lean and green it is evident that throughout the 

literature review high production cost and the production processes are major causes 

to have a good lean and green performance. People in this case it is directed towards 

the employee, workers, etc, and management commitment is essential for a successful 

lean and green performance. So, figure 16 is explained in detail with every cause 

which is based on accounting several SMEs and the case company it shows that there 

is low lean and green performance is recognized (Siegel et al., 2019). 

Low lean & green 
performance

High leadtime

Lack of document standard methods

High product variation No long term thinking

Increased competitivenss

Un awarness

 

Figure 16 Cause & effect diagram-Need for lean and green 

5.1.1 High Production cost 

The KPI acts as a strategy for the different SMEs, some companies focus on providing 

the best quality as a trade-off cannot have low cost, vice versa. Due to the increased 

competitiveness in the present scenario, it is evident to reduce the cost of the product 

at the same time achieving good quality. To achieve this lean production acts as a sup-

plement as lean is focussed on the reduction of cost. While the SMEs have high-cost 

production there is a need to concern about decreasing the overall production cost. 

The main characteristics of a high production cost are that high cycle time, high labor 

cost, and high material cost. As Powell et al. (2013) say that having lean in an SME 
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increases the efficiency of the production. The efficiency reduction is based on elimi-

nating a different kind of wastes recommended in TPS as said by Shah and Ward 

(2007). Lean production is much recommended along with that thinking for a long 

term lean and green is a noticeable implementation for the SME (Belhadi, Touriki, et 

al., 2018). The lack of awareness about reducing the lead time is still prominent with 

small companies. As in the future value stream map in this chapter, the case company 

lead time reduced from 20 days to 4 days, this shows the production cost has been re-

duced. The lead time reduction reduces the labor and, material cost and at the same 

time decreases the cycle time. 

5.1.2 Process 

The production process for a small company is not highly standardized or visually or-

ganized, or it varies according to the production systems. But some common produc-

tion processes identified causes that lead to the less lean and green performance ob-

served in various SME’s which includes high product variation, high lead time, and 

lack of documented standard methods. Moreover, for an SME the processes are not 

continuously updated because of the management. The production processes often 

have a long lead time with cycle time as the documented standards are not well de-

signed and standardized. This leads the workers not to follow the rules and regulations 

and there is a higher chance of working in their way. As an outcome, the process takes 

a high lead time. The secondary cause shown in figure 16 for high lead time is also 

less optimization of the production processes. The production systems of SMEs are 

not always completely optimized in the present situation. By neglecting the non-

value-adding activities the organization will have continuous production flow. By 

eliminating the wastes overproduction, waiting, transportation, over-processing, de-

fects, inventories, motion, and unutilized manpower. The eight wastes should be ne-

glected and considered as nonvalue-adding activities and the production system is op-

timized by doing only value-adding activities. The last part of optimizing the produc-

tion systems is to incorporate the tools and techniques in the lean and green. Siegel et 

al. (2019) have recommended the necessary tools for SMEs to optimize the produc-

tion systems. 

5.1.3 Management 

The most important for a sustainable organization is in the hands of the management. 

From the top level, the decision should be firm, and thinking for the long term is im-

portant. For an SME they are always more focused on handling their customers daily 

and there is no place to think for the long term. Competition is another big issue for 

the SME, as time goes the importance of sustainability has become a key factor. Sus-

tainability cannot be easily neglected in their production systems especially for an 

SME. Figure 16 shows sustainability as the secondary cause for increased competi-

tiveness. When thinking for the long term it is necessary to give importance to the 

three pillars of sustainability as economic, social, and environmental. Eikelenboom 

and de Jong (2019) interprets that for a long time, sustainability is considered to be 
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the realm of multinational businesses, with SMEs' future commitments to sustainable 

growth attracting less recognition. Balancing to give importance to the triple-bottom-

line is needed. As said by Eikelenboom and de Jong (2019), SMEs will solve capital 

constraints and develop the necessary supportive operational expertise to simultane-

ously drive all three pillars of sustainability efficiency has remained a mystery. Add-

ing to it is necessary to have a reduced CO2 footprint in the supply chain and increase 

the life expectancy of the products (Zhong & Wu, 2015).  

5.1.4 People 

People work on firefighting activities and routine work daily so far concerned with the 

SME’s. The lack of lean and green is noticed as they are not trained or motivated to 

learn all these tools. So, the success metrics for attaining lean and green for an SME 

as shown in figure 16, the key for achieving is employee engagement and manage-

ment commitment. Without these, there is nothing to deal with sustainability. Em-

ployee engagement is needed for success and adequate training has to be done to in-

crease awareness and knowledge. The decision-taking is important as the top manage-

ment should be committed to building up sustainable production practices. The pro-

duction systems SMEs working culture should be enriched to have personal growth, 

flexibility, encourages risk-taking personality, discrimination, and offers & praise ac-

knowledgment. 

Summarization of the findings from the case company on various aspects shows that 

the company needs to increase the production efficiency this will develop the effec-

tiveness and overall utilization of the production system. It could be achieved by in-

corporating lean in their system. This can do more this less with the given input. Im-

plementing Lean in SME is quite misunderstood and unaware about their outcome, 

some might think it costs and need more skills and suitable for Large companies 

(Powell et al., 2013). The case company could not successfully implement lean or 

awareness of lean the following effects is noticeable such as bad layout, a poor work-

space, a lack of training, inappropriate methodology, unclear and unstructured proce-

dures, a lack of consistent knowledge and guidance, a lack of planning. These factors 

are quite noticeable in the case company which leads to having non-value-adding ac-

tivities too (Shafiq & Soratana, 2020). 

From the TPS the unawareness of dangerous eight wastes in the lean production by 

the case company is noticed. The workers in production do not know about the lean 

wastes that they are generating during the production. The production performance 

could be improved if they were aware of their waste such as over-production, defects, 

over-processing, motion, unutilized talents, transportation, inventory, and waiting. By 

having adopted the TPS, the results show that increase in terms of quality, perfor-

mance, customer satisfaction, waste reduction, and inventory reduction (Chiarini et 

al., 2018). The non-value-adding activities have to be figured out and the things done 

to completion of the product that does not add value are said to be waste. The differ-

ent types of waste should be neglected by the organization to have a continuous pro-

duction flow.  
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The production efficiency of the case company needs to be increased to attain sustain-

ability in their production area. The lean and green paradigms are considered to in-

crease production efficiency. When considering the lean and green aspects of the 

SME it eventually can have an enriched focus on three pillars environmental, social 

and economic perspectives (Belhadi, Touriki, et al., 2018).  

5.2 Key lean and green tools 

With the lean and green tools suggested by (Siegel et al., 2019), it is found that some 

tools are needed for small companies. The key lean and green tools are selected to in-

crease the sustainability performance of an SME. 5S and VSM are selected for the re-

search, and it has explained below.  

5.2.1 5S 

The important tool for lean and green is the 5s. A means for standardizing and sys-

temically organizing the workplace. It is one of the simplest lean tools to implement, 

with a fast return on investment. 5S was discovered to be the first step in applying 

lean and serves as a basis (Kandpal, 2015). The goal of the 5S is to provide a better 

working environment, enrich the working conditions in the workplace, and nourished 

the working culture. The results show in figure 15 lean and green tools as concluded 

by Siegel et al. (2019) around 80% of the most needed lean and green tools is indi-

cated to have 5S as the foundation for the SME. As Kandpal (2015) further explains 

5S is a framework for reducing waste and increasing efficiency by keeping a clean 

work environment and using visual prompts to produce more predic 

 organizational outcomes. For being an advantageous tool and it is laying a base for 

lean and green implementation for an SME. 

The findings from the case company and the SME also show in table 3, in the produc-

tion process column, and the entire table. Less efficiency for the production is ob-

served because workers do not aware of the 5S and the lean and green tools. This also 

suggested with the long cycle times, poor arrangement of tools, underutilization of the 

machine capacity, unorganized and unmanaged workplace, less knowledge and train-

ing is facilitated to the workers these are noticeable in the SME which is reflected 

from Kandpal (2015) also. The 5s (work standardization) method enables the com-

pany to deliver products in a shorter lead time. This method should be used in the ini-

tial phases of an SME's lean implementation. The five steps shown in figure 17 show 

the following steps to achieve 5S within the SME. 
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 Figure 17  The steps of 5S (Kandpal, 2015)  

Figure 18 A picture containing power saw, tool, cluttered, and knife in the wooden 

board for manual cutting 

 

5S

STEP 1

SORT

STEP 2

SET IN ORDER

STEP 3

SHINE

STEP 4

STANDARDIZE

STEP 5

SUSTAIN
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Figure 19 Shelf contains accessories, un-arranged materials items, and materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 Work instruction box for every product 
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Figure 18,19,20 shows the case company production workplace is unorganized, not 

disciplined. Unawareness is one of the reasons and lack of involvement from the em-

ployee and top management to bring discipline within the workplace. As figure 18 in-

dicates no dedicated places are allocated for the different kinds of tools such as 

knives, sawing tools, measuring tape, etc. This figure indicating a need for the founda-

tion of lean and green in the SME. Certainly, some steps they follow such as shine-

maintaining law and keeping order by cleaning.  

The analysis shows that the importance of 5S as it is a base for the companies like 

SMEs. It has the quality of waste reduction by removing deadly wastes accordingly. 

As Shah and Ward (2007) suggest that having TPS adopted in the production encour-

ages it to have continuous flow and cost reduction. The different concepts that Shah 

and Ward (2007) suggested are that work standardization, elimination of waste, con-

tinuous improvement, and JIT these are the outcomes of the 5S. The steps of 5S allow 

the employee to work based on standardization, a set of rules, etc. Figure 17, the steps 

of 5S categorized into five steps, and their way to do it is listed in table 4.   

Table 4 Activities of 5S for SME (Kandpal, 2015) 

5S ACTIVITIES 

Sort Eliminate unnecessary things, segregate usefully and un useless 
things.  

• Segregate the useful & used items with a red tag. 
• Place the unseen parts in a separate place, after 30 days if 

the items are not used, they can be eliminated from the shop 
floor. 

Set in order Storing items in the right places allows the person to pick and place 
them back. 

• Organize the workspace. 
• Easy to find, use and return: A place for everything and eve-

rything in place. 

Shine Maintain law and keeping order by cleaning and washing the dirt. 

• To take responsibility for their workplace 
• It should not be used in pieces in production, almost 100% 

applied. Then we will have high efficiency and effectiveness 

Standardize 

 

Determining the place for things to develop procedures of the or-
ganization. 

• Sets the usual routine standard for work. 
• Sets the standard of cleanliness. 
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Sustain Maintaining the self-discipline and other procedures for the long 
term (Attaining sustainability) 

• The facility is now organized.  
• Workers have the procedure to maintain their workplaces. 
• From the top level-bottom management 
• Practice the previous steps continuously every day until they 

become automated and the accepted way of doing things. 
• Appreciation, recognition rewards for the good work 
• Posters, banners in certain areas in production about 5S to 

increase the awareness. 

 

5.2.2 Value Stream Mapping 

One of the most important lean and green tools suggested by Siegel et al. (2019) with 

40%. SMEs are also attempting to boost efficiency by reducing processing lead times 

and waste. VSM is used to increase production efficiency. This method recognizes 

places where opportunities for improvement can be identified Parthanadee and 

Buddhakulsomsiri (2014).  Table 3 also suggests that due to the lack of efficiency the 

product has high cycle time, high production cost, and awareness of lean and 

sustainability. The VSM serves as an aid to improve the production system's 

efficiency.  

5.2.2.1 The present state of VSM 

As per figure 5 suggested by Vamsi Krishna Jasti and Sharma (2014), the product is 

selected based on the maximum sales and relevance. Then to draw the present state of 

VSM, the traditional symbols suggested by Vamsi Krishna Jasti and Sharma (2014) 

the information and the process flow of the production line has drawn using the soft-

ware Microsoft VISIO. This present state of the production is shown in figure 21. 

The variation in the customer order is noticed in the production follow-up (PFU). The 

raw materials are ordered by checking the stocks twice a month and also referred to 

the customer forecast. The supplier takes a lead time of about 10 weeks to reach the 

SME. The communication observed between the customer, suppliers and, PFU is 

electronic. The PFU gives the order to the production workers by manual information. 

The workers do every production based on first-in-first-out (FIFO) after the infor-

mation received from PFU. As per  

 14 the production system of the case company, the work has been carried out from 

the machine cutting process. It is followed by manual cutting, overlocking, sewing, 

and packing the finished products to the customers. Figure 21 shows the processing 

time, cycle time, available workers, shifts, setup time and, the lot size accordingly. 

Here the customer demand of 10 products taken a total value-adding time is calculated 

as for all the process is 3.6 hours. The total lead time for the product is calculated in 

the present state is 4 weeks which is equivalent to 20 working days.  
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Figure 21 Present state of Value Stream Mapping 

The current state is analyzed to reduce the nonvalue-adding activities and eliminate 

the wastes to improve the efficiency of the SME. The wastes are noticeable 

corresponding to the TPS. Long cycle time is noticed within the production. One of 

the major problems of the SME is to be flexible, they are findings ways to manage the 

variations (Yadav et al., 2019). A total of six processes has been noticed, the raw ma-

terial is in stock. There is a high lead time noticed from the supplier, so the material is 

ordered based on the forecast. The fluctuating demands make the SME have a tight 

decision when serving the customers. The current state shows that a total lead time of 

a maximum of 4 weeks to deliver the products. The cost of production becomes high 

due to the fact of excess lead time. 
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The VA/NVA calculation is presented in appendix 9.4, it is concluded that the utiliza-

tion rate or value-added time for the present lead time is 2.57%. The spaghetti dia-

gram in appendix 9.5 also suggests that NV activities are seen within the production 

line. 

5.2.2.2 The future state of VSM 

 

 

Figure 22 The future state of VSM 
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In the future state of VSM, the material and information flow has been changed ac-

cordingly. There has been variation in demand for the SME, it is quite normal, and it 

becomes a routine as day-to-day work. Some key changes for the present state are (1) 

Manual cutting has been transferred into machine cutting, (2) decentralized into a cen-

tralized system, (3) Production leveling with kaizen burst is added as shown in figure 

21. 

Future state consideration for the SME 

• Eliminate step cutting operation by hand (Manual cutting). 
• Stop performing non-value-adding activities.  
• Standardize the work. 
• Create an organized, visual workplace. 
• Introducing takt time for every product. 
• Transform into electronic information.  
• Maximize the use of computers and works as a social-technical system. 
• Make the entire production a pull process. 

Non-value adding activities of the SME. 

• Searching for the tools. 
• Time wasted by excess motion.  

 

Table 5 The present state and future state from VSM 

Present state Future state 

No dedicated place for placing tools in 
manual cutting  

A dedicated place for placing tools  

Receives manual information along with 
different products invoice 

All information received as electronic 

No takt time  Takt time to face demands from custom-
ers 

No Kanban systems for scheduling Kanban scheduling system  

No planning of the products to produce 
based on takt time 

Planning of the products to produce with 
takt time and JIT 

No production leveling Production leveling 

Long lead time with 20 days New Lead time 4 days 

Utilization rate 2.57 % Utilization rate 12.78% 

- Takt time for a product is 5040 seconds 

The present state and the future state are presented showing the changes made in the 
future state VSM. Table 5 shows the list of major changes to increase the lead time re-
duction. A dedicated place for placing the tools has to allocate for the SME since 5S is 
the first step to incorporate into the SME. When it comes to the future state the pro-
cess is reduced. Combining the steps into one with the cutting. Most of the manual 
cutting is transferred to machine cutting. This brings up a major reduction in the pro-
cessing time. As the wooden table has been taken, and a modification can be seen 
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from figure 23 shows the present and future layout. The identified waste suggested by 
TPS is neglected to increase the efficiency of production. A continuous production 
flow is attained using the lean and green tool VSM. 

The VSM calculation is presented in appendix 9.4, it is concluded that the utilization 

rate or value-added time for the present lead time is 12.78%. The Takt time for the fu-

ture state is 5040S/82 minutes. For every 82 minutes, the product has to be completed. 

This represents a better lead time when compared with the present state. 

 

Figure 23 Present and future layout of the production system 

5.3 Overlap and Trade-offs lean and green. 

Having lean and green increases the sustainability performance on one hand, also 

there is a trade-off showing contradicting results as in figure 8. Dües et al. (2013) il-

lustrate that in the overlap of lean and green, the KPI for lean is cost. Lean increases 

production efficiency by removing the deadly wastes since it reduces the cycle time 

for production. As Powell et al. (2013) say that the lean methodology aims for the 

highest quality, lowest cost, and lesser lead time in their production process. On the 

other hand, the KPI of green is carbon dioxide. The goal of green is to reduce the car-

bon dioxide footprint in the supply chain and production processes. Zhong and Wu 

(2015) claim that it is important to consider the environmental effects of the surround-

ings, it is necessary to consider this in the SME. This plays a major role in increasing 

the customer demands for the SME, to be competitive and accomplish the customer 

demands, the awareness of producing their products which has less environmental im-

pacts leading to lesser CO2. 

Considering the overlap of lean and green from Dües et al. (2013), the focus from 

both of the terms is waste reduction, waste reduction techniques, people and organi-

zation, lead time reduction, supply chain relationship. This focus on lean and green 

makes an SME attain improved sustainability performance. Focussing on lean and 

green will cover cost reduction, waste reduction, lead time reduction, building better 

organization, and a successful step towards long-term success. 
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The important trade-off helps the SME to adhere lean and green according to the com-

pany preference. As in figure 8, some of the points by Dües et al. (2013) conclude that 

as for the small business increasing the sustainability performance is important in this 

scenario. The lean does not concern about the impact of a product user or end-life re-

covery, whereas the green considers the impact of product use and end-of-life recov-

ery in the form of re-use or recycling. Another point is that lean increases replenish-

ment frequency whereas green reduces replenishment frequency as a state in table 6. 

The comparison indicates that lean is concerned about the present state of production 

and green is concerned about the future.  

Table 6 lean and green comparison. 

Lean Green 

No concern about the impact of a prod-

uct user or end-life recovery 

The green considers of the impact of 

product use and end-of-life recovery in 

the form of re-use or recycling 

Increases replenishment frequency Reduces replenishment frequency 

Satisfying customers by reduced cost 

and lead time 

Satisfying customers by producing envi-

ronmentally friendly products 

KPI: Cost KPI: CO2 
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6 Discussion  

This chapter will begin with a discussion of the analysed findings followed by a dis-

cussion of chosen methodology for this project work.  

6.1 Discussion of analysed findings 

6.1.1 Factor driving SME towards lean and green 

From this research, the SMEs have more straightforward conditions, unlike LE the 

SMEs are lacking in financial constraint and unawareness. Because of these issues, 

they come to an assumption not to dive into the things of which they are not aware. 

The attitude from the companies varies differently based on the top management's in-

terest. This research suggesting the companies without major investments a set of lean 

and green tools knowledge that will pave the way to achieve sustainable performance. 

These tools act as an antidote to their existing problem such as inefficient, unor-

ganized, unawareness, lack of guidance, etc. Powell et al. (2013) recommend lean for 

increasing efficiency in production by eliminating the TPS wastes. This can decrease 

the production cost and competitive advantage.  

Although the rapid changes in this global environment and government regulation 

leading to think about sustainability for every company. This boasted the SME, on 

one hand, they are getting forced into the need for sustainability and being concerned 

on their own to develop a sustainable production. The common perception about the 

triple-bottom-line for the SME as Eikelenboom and de Jong (2019) also explains bal-

ancing to give importance to the triple-bottom-line is needed. There is a new way of 

thinking by the future people to use eco-friendly products and take part in providing a 

better future. The SMEs to have a reduced CO2 footprint in the supply chain and in-

crease the life expectancy of the products.   

The cause-effect presented in the analysis indicating that some factors act as a cause 

prevailing need in this scenario. In most cases, the lean and green performance is ob-

served less for the following causes such as the production cost is high. This because 

the production system is not improved continuously which is the reason to have long 

cycle time, long lead time and, and overall cost. This is the major factor to drive the 

SME towards lean and green since it has the capacity for cost reduction in the produc-

tion systems and at the same time achieving good quality. The other cause is the pro-

cesses, in which less optimization is visible with a lack of document standard meth-

ods. Lean has the solution such as Standardisation and, 5S, etc to update their pro-

cesses. The most important for a lean and green success for an SME, the next cause 

management one of the most prominent characteristics is lack of long-term thinking, 

unawareness and, increased competitiveness towards sustainability. These are ob-

served during the literature review and also the case study. This is one of the signifi-

cant drivers of the SME along with another cause people. This involves unawareness 

about the lean and green and, lack of multitasking and flexibility. These are the four 

causes that enforces the SME towards lean and green to increases sustainability per-

formance. 
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6.2 Key lean and green tools 

The clear explanation from the analysis shows that the importance of lean and green 

tools for the SME to increase sustainability performance. Although a pack of lean and 

green tools illustrates by Siegel et al. (2019), based on the company priority and rele-

vance according to the production facility. Either it is a mass production or custom-

ized production it does not matter, to lay a foundation for a lean and green company 

the 5S has been selected to kickstart. So, an SME is not necessarily to get confused by 

the number of tools. Each company background, financial situation, and leadership 

preference the tools are selected. By having a group meeting to understand the tools 

and a confirmation can be made based on the current problems.  

5S 

The 5S has given the important priority for lean and green, this being given much im-

portance for SME through the literature review and observation from the SME. The 

steps of 5S apply to any type of company. Based on the steps such as sort, set in order, 

shine, standardize, and sustaining. This tends to improve the working culture, disci-

pline, awareness, and overall practice for self-discipline in the production systems. 

For the case company indicating the no dedicated place for tools in some places, lack 

of training leads to unawareness. The long cycle times from the production are visible 

due to less visual organization. 5S is set to improve visual management and can trans-

form unorganized into an organized workstation. For SMEs the most reliable and 

adaptable tool is the 5S, the investment is less, and implementing stage could be done 

with ease. But the real challenge is that it should sustain for the long term. From the 

top level-bottom level the organization has to involve and building an integrated sys-

tem is important.  

VSM 

The importance is given to 5S as the base after that VSM has its specialty in knowing 

the entire processes as it starts from the customer and ends with the customer. The en-

tirely mapped information and process flow allows the management to see where they 

can improve and design a futuristic map. This tool helps the company to reduce the 

lead time at the same time eliminating the non-value-adding activities. It is a very 

simple lean and green tool in which needs a management commitment and employee 

engagement. This tool applies to any of the SMEs not only for a product and also to 

the services which the company could produce.  

From the case company the VSM, the present state, and the future state from the case 

company show a significant improvement. The wastes recommended from the TPS 

are eradicated for a smooth and continuous production flow. The flow of the produc-

tion is an improvement to adhere the production efficiency. The magic of the VSM is 

to reduce the lead time and it is observed in the future state presented in this work. 

From 20 days of the lead time of the product is reduced to 4 days. The cost has been 

cut and it reflects upon the pillars of the economic pillar of sustainability. Although it 

is not the end, it could be continuously monitored to see the further improvement of 
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the lead time, at the same time, improves the organization's sustainability perfor-

mance.  

Table 7 shows the advantages gained from selecting the 5s & VSM are shown. From 

the analysed findings these advantages are applicable for the SMEs with the key lean 

& green tools.  

Table 7 Advantages of the selected lean and green tools 

Advantages of the lean 

and green tool 

5S VSM 

Lead time reduction Ease the reach for tools, 

work on standard proce-

dures 

Reduction of cycle time, 

enhanced information 

flow 

Ratings Best rated across all the 

other tools 

The best tool to under-

stand the flow of the pro-

cess and information 

Accessibility A 5-step process, easy to 

use  

Detailed information 

should be mapped for pre-

sent and future state 

Outcome Good ROI Good ROI 

Bottom level Increases the awareness 

about maintaining their 

workplace 

Know to reduce cycle 

time and a continuous im-

provement can be seen 

Management  Good knowledge about 

the importance of 5S and 

its use for long term 

Identify the black holes in 

the organization and elim-

inate them to reduce the 

lead time 
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6.3 Implementing selected lean and green tools 

The key lean and green tools that have been selected for the SME. There is a need for 

implementing the tools after the selection so that they could be compared with the 

above findings. The aftereffects of 5S and VSM are reflected upon the sustainability 

performance for the current production systems of the SME. Both the tools as a lean 

and green initiative address the major changes that have the potential to increase sus-

tainability. 

  

Figure 24 Implementation framework-Production systems (Siegel et al., 2019) 

Although the framework suggested by Siegel et al. (2019) to implement the lean and 

green tools. Figure 24 shows how the implementation process works. At first, the in-

put is the success factor; it needs employee involvement and management commit-

ment. This is said to be an input, without these none of the tools can be implemented. 

For an SME level, it is quite apparent about the unawareness, so a successful factor 

includes employee involvement, management commitment, and awareness of the im-

portance and outcomes from the tools. The characteristics of an SME production sys-

tem represent the lean and green tools that they are coming forward to implement. 

This looks like a “black box” with lean and green tools which can be applied at once, 

one by one or together. So, the outcome from this black box is sustainability perfor-

mance. These tools after the implementation in the SME outcome reflects the triple-

bottom-line.  

It shows the SME has to consider lean and green together to increase the sustainability 

performance. Since it has quite trade-off and comparison from each other. One of the 

comparisons shows there is no concern about the impact of a product user or end-life 

recovery. Since lean has the KPI-cost the activities in the production systems while 

having lean improves the reduction in lead time which leads to reduced cost. This can 

be a good strategy, as now the SME can discover and attract new customers. On the 

other sides, green is concerned about the impact of product use and end-of-life recov-

ery in the form of reuse or recycling. Since the green KPI is CO2. This shows the en-

vironmental concern is much shown in the green paradigm. The awareness of reduc-

ing CO2 should become an important criterion in today’s world. Also from  Yadav et 

al. (2019), it is justified that SMEs are considered as the backbone of the country’s 

GDP. There is much responsibility for them to become aware of the CO2 level in the 
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supply chains. Green acts as a supplement and guides them to assess their supply 

chain using one of the tools from lean and green life cycle assessment.  

The decision varies from company to company regarding the implementation of the 

lean and green tools. To address every SME’s a common framework is presented in 

figure 24. By using this framework with top management and employee’s involve-

ment they have the opportunity to measure how far the company gets impacted and 

benefited respective to the triple-bottom-line.  

Having implemented the lean and green tools in the existing production line it is ex-

pected to bring some changes in the triple-bottom-line. 5S as the foundation tool and 

VSM as the efficiency improvement tool took into consideration the following out-

comes are presented below in table 8. The sustainability performance is expected to 

increase using the lean and green tools and so it reflects upon the triple-bottom-line. 
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Table 8 Sustainability performance after implementing the lean and green 

Production Area 

Environmental 

The case company production area is environmentally friendly, as the production area is not 

polluted, and it is completely free from harmful gases. The Products are eco-friendly as 

they do not have the characteristics of CO2 emission. The working environment follows 

some a little part of lean such as 5S, but the workers are not aware of the tools of lean and 

green. 

Social 

The workers have the proper Personal Protective Equipment within the work area and un-

derstand each other and allocation of work. 

Economic 

Dedicated place for production operation along with technical system can be a better alter-

native in future 

Skills & training 

Environmental 

An adequate awareness or campaign can be organized with the workers, the importance of 

lean and green helps them to know the wastes that they are generating and try to avoid 

them. Skill matrix, postures about the awareness of quality, safety, and lean can be placed. 

Social 

The performance measurement system can be introduced to see the holistic strength and 

weaknesses of the workers. Not much contribution is seen from the production workers, be-

cause of lack of knowledge about lean and green, unawareness.  

Economic 

Often shows that for an SME the count on production hour cost is important, due to that the 

fact lacking resources for training and no investments for growing the employee. 

 

Production process 

Environmental 

The long cycle time is noticed although the production is highly customized with many 

product variants the process is taking along. Along with that non-value adding activities is 

seen that. Value stream mapping shows the future state and leads time reduction is possible. 

Social 

Highly experienced workers are the advantage at the same time, not much innovation and 

out-of-the-box thinking ability. Highly recommended to improve a visual area of the pro-

cess and reduce the cycle time 
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Economic 

The cost of the production process is high because of the high cycle time, high material, and 

labor cost. Open to innovation is required to see the improvement and reduce the cost of the 

production. 5S and value stream mapping if successfully implemented a marginal differ-

ence in the profit margin could be noticed. 

Machinery 

Environmental 

The cutting machine is underutilized and works for a lesser time. Maximize the use of the 

cutting machine is recommended. 

Social 

Electronic information can be perceived by the workers, so it improves the social-technical 

and also improves the communication in the production area. 

Economic 

The machine offering a good asset for the company with a quick changeover. SMED could 

be implemented to further improve the lead time. 

Waste 

Environmental 

Life cycle assessment is one of the lean and green tools for the SME, this can be effective 

to see the product life cycle. Able to see the CO2 and other substances in the supply chain. 

This creates new opportunities. 

Social 

Good awareness to have separate bins for every waste, waste management techniques can 

be trained for further growth of the workers. 

Economic 

Chance for recycling the raw material waste can be cradle-to-cradle and using one of the 

lean and green tool supplier development helps to sell the waste with money in return. 
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6.2 Discussion of Methods 

Based on the collection of data from various literature reviews, a major part of the 

search was to target the SME. Having gone through in-depth reviewing, A major part 

of the companies suffer from a lack of knowledge for attaining the lean and green as-

pects into their production systems. It is convenient for the researcher to find out the 

gap between the LE and SME. As time progresses the need for the companies to attain 

that competitive advantage and overcome other competitors becomes apparent. The 

awareness of lean and green concepts has to be incorporated into their system. The 

observation shows that the variation in their customer demands affecting the com-

pany. The production line does not have a lean system, it is evident that no awareness 

about lean and green. Lack of training and monitoring of the workers are seen. The 

observation on the shop floor helps the author to investigate the information system, 

employee relationship, and workflow.  

Brainstorming has been effective as it is used throughout the project work, especially 

during the initiation phase to select the topic of the research. It has been covered 

throughout the work. This method is versatile to use and is very simple without any 

complications. The author has used it as themself on various occasions during the pro-

ject. Along with that Gemba-walk is a quite promising method, this potential method 

returned a satisfying outcome for the author. During the project, there have been 

planned and unplanned visits within the production line countless times. So, the 

method has given good results for the work. 

The interview has been conducted semi-structured with open-ended questions. The 

idea for setting the interview question is to get a holistic picture of the case company 

and also to answer the research questions. The interview is conducted with the top 

management and with the employee as in table 9. The data has been collected by re-

cording and then transcribed accordingly. The transcribed data is used for analysis 

concerning the purpose and RQ. The author has a direct interview to help to under-

stand the ideologies about the lean and green associated practices in the company. In 

the appendix 10.1 section, the interview guide is presented for the CEO, COO, and 

economy employee. 

Table 9 Interview in the case company 

Participant No of interviews Scope Duration 

COO-Sustainability & quality 2 Company and 

RQ 

2.5 hours 

CEO-Sales & Production 1 Company 1 hour 

Economy employee 1 Company and 

RQ 

1 hour 

To see how the case company builds conversations, group behavior, reflection from 

more than an individual the focus group has been used. The SME has been 
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categorized into three focus groups, as in table 10 the members of each group have 

mentioned. The questions during the focus group have a focus on the general percep-

tion of the employee about the company. The questions were given before the meet-

ing, and everyone has the time to go through them. The main idea is to get different 

responses and views about the particular discussion. Each of the employees and the 

top management is from different working backgrounds and experiences. Good to see 

the interesting reflection and everyone had contributed to every question. In the ap-

pendix 10.2 section, the focus group question is presented. 

Table 10 Focus group categorization 

The focus group could be the best methodology, as it is used to explore the undiscov-

ered parts of the organization and it is less time-consuming to know the overall pic-

ture of the organization.  

To take one step forward with the methods, the author prepared an individual assess-

ment for the workers in the production line. The lean and green assessment is de-

signed to explain the importance of the project and the questions are asked based on 

the lean and green perspective. See appendix 10.3 for the assessment guide. The out-

come from the assessment is analyzed accordingly and further strengthens the meth-

odology.  

 

 

 

 

 

 

 

 

 

 

Group No of participants Members of the group 

(roles) 

Group 1 participants 4 CEO, COO, Production 

follow-up, Logistics 

Group 2 participants 2 CEO & COO 

Group 3 Participants 4 Workers 
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7  Conclusion 

The research is especially for the “backbone of the country” which are so-called 

SMEs. The SME’s awareness about sustainability is the most demanding thing in the 

present and also in the future. The sudden changes in the global markets such as 

covid-19, global warming, etc, is a critical factor for the companies to move towards a 

sustainable organization. The research provides a way for the SMEs can be competi-

tive, as they are smaller when compared to LE in terms of various factors such as fi-

nancial, and knowledge. They have a good spirit and this research pave a way to in-

crease their sustainability performance using lean and green.  

A strong triangulation of methods is a brace for the project, especially the focus group 

for the SME has been conducted with three different groups with the case company. 

The findings are spotted from the case company along with the lean and green tools 

available for the SME. In the Analysis, a cause-effect relation is addressed with the 

selected lean and green tools (5S & VSM).  

RQ 1 -What are the factors driving SMEs towards lean and green? 

The increased awareness about sustainability has opened their eyes for them espe-

cially within their production systems the major drawbacks could be focused to attain 

high lean and green performance. The key drivers for SMEs include high production 

cost, an unoptimized production process, people, and management. These drivers are 

like a hurdle for the SME's production system.  

RQ 2- What are the key lean & green tools for an SME?  

The key lean and green tools are selected based on the company’s preference, it is ad-

vised for the SMEs to kickstart with 5S and VSM as the base. Laying the base is very 

important and also it applies to any type of production. The results of these key tools 

are overwhelming, and a good return on investment is expected. 

RQ3- How to implement the selected lean & green tools? 

Implementing the selected lean and green tools, here is very important to see. After 

the key lean and green tools were selected, during the implementation phase the em-

ployee and the top management must be engaged. Because the engagement act as an 

input and the lean and green tools act as a moderator (black box) and the final output 

is the attained sustainability performance. 

Figure 25 shows the conclusion of how the SME's sustainability performance could be 

improved. The three pillars show a good result compared to the previous results, after 

the 5S & VSM implemented using the framework the expected results have been 

gathered. The intersection between environmental & social is now the workers knows 

the awareness of waste and minimize the raw material usage. This leads to reduced 

CO2 emission during the gate process. Assets for the company and harvesting econ-

omy on environmental activities to have long-term success.  
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Figure 25 Increased sustainability performance for the SMEs 

The important thing for SMEs can see things now and predict futuristic changes. Be-

ing a small company is to think like a bigger company and understand the ideologies 

for the best survival. Often the expectations of the small companies are only to satisfy 

the present customer demands and firefighting is an integral part of the scenario. This 

mentality should be changed and start thinking and planning for the long-term and 

broaden the knowledge horizon. 
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8 Recommendations and Future work 

In this chapter, the recommendation for the SMEs is listed out with Managerial sug-

gestions. As this project has a good potential for future work to lead the SMEs to at-

tain a high sustainability performance using the lean and green tools, finally the future 

research has been presented to continue further studies. 

8.1 Recommendations 

1. Changing the layout of the production for the SMEs enables faster lead time 
and increased concern about wastes such as excess motion, transportation, etc.  

2. After successfully implementing the foundation of lean and green tools such as 
5S and VSM. Then further tools which is adaptable to the production and ac-
cording to the management preferences the tool could be picked. 

3. The way of communication could be further improved within the organization. 
4. The idle time of the workers could be spent upon training new skills and activ-

ities.  
5. The lack of utilization of the machines and workers is apparent, it reflects the 

less occupancy in production. Having lean and green will open the gates for 
acquiring new customers.  

6. Effective resource planning is advised for the future when the production oc-
cupancy is high. 

7. Advanced software tools can replace the existing manual hand drawings. 
8. Increased concern about ergonomics. 
9. Postures creating awareness about lean and continuous improvement such as 

5S, Kaizen, etc. 
10. To handle the global change and attain sustainability. 
11.  The performance measurement systems can be used to see the employee’s 

strengths, weaknesses and, areas to improvise. 

8.2 Managerial suggestions 

Concerned with the SME managerial position across the various companies and from 

the case company the following suggestions can be a supplement for this competitive 

world. It helps the company to further handle the challenges for the upcoming years.  

• Need for long-term thinking and increased awareness about the triple-bottom-
line. 

• Adapting to the current scenario, rapid growth in technologies, developments, 
and automation can be constantly updated. 

• Predicting the possible future challenges such as pandemics, the supply chain 
gets affected. The SMEs are highly relied on the customers, when certain pan-
demics occur, they often lack guidance and adapting to these scenarios.  

• The constraint about their resources is a major barrier to focus for a manage-
rial position within the SMEs. Spending on training and developing the skills 
are considered a major cost. A regular training session for the SME's top-bot-
tom level is needed. 

• Sustainability is the most important thing to focus on and balance the triple-
bottom-line, the importance should be given to energy-efficient products and 
services. As the EU-taxonomy and sustainable development goals (SDG) are 
enforcing the small companies to be a better part of society. 

• The lack of awareness is a major setback for small companies. Manager’s 
mindset should change from routine work to continuous improvement 
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(Kaizen). Arranging kaizen events in the company helps to be innovative and 
creative. 

• Lean thinking is predominantly an important feature within small companies. 
Updating the production system is an important priority in production. As the 
lean has the saying “Doing more with less” will give a handful of positive re-
sults.  

• Out-of-the-box thinking is needed to think apart and sometimes come out with 
great success. 

• A common emphasis for the small company managers is fixing with the cur-
rent working methods. As the year passes there are more managerial tools 
arise for the best.  

• A combination of creativity and innovation will be an outstanding strategy that 
will lead the SMEs to overcome future endeavours.  

8.3 Future research 

This research about increasing sustainability performance is a most demanding crite-

rion especially with catastrophic events such as covid-19. The SMEs are forced and 

changed the business perspective to undergo sustainability. According to the EU tax-

onomy, the enterprises are making their move to CO2. The foremost thing to take into 

consideration is to increase sustainability performance within the production area. 

Since this is considered an important part of any organization. The lean and green 

tools have been presented according to the company preference the different tools can 

be selected. For this research, as per the author's suggestion, literature review of dif-

ferent SMEs and the case company observation. 5s and value stream mapping is se-

lected, and possible outcomes have been presented.   
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10 Appendices 

10.1 Interviews 

Interview:1 

Participant: COO, Sustainability and Quality 

Host: Vigneshwar 

AIM: To understand deeper about the company, production, and sustainability 

Interview:1 

Questions: 

1) what are the problems that the company facing in this situation? 
2) Are any production methods have changed until now? So open to change the 

production method? 
a) why have you chosen the handcraft method? 

3) Are you constraint by resources with the company?  
4) How many shifts are there in the company for the workers?  
5) what is your expectation in the future? How you want it to be? 
6) What are the recent changes that you have done with the company? 
7) What kind of process is that push or pull? Make to orders or stocking. 
8) How many customers and suppliers do you have? 
9) How the production planning process takes place? 
10) What is the average production in a day/ week/ month? 
11) Ask workers for overtime if have to do extra production? 
12) Annual reports with all customer details? 
13) What is the demand-driven from the customer? Is the schedule weekly/ daily? 

a) What is the lead time given by the customer?  
14) what are lean activities that the company follows currently? 
15) what is the strategy of the company? 
16) Which of the waste is found in the company? 
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Interview:2 

Time: 1 hour 

1) What made you think sustainability is important in this situation? 

2) What do you think about the Co2 emission level in the entire supply chain? 

3) How do you allocate work for different employees? Do you monitor everyone 

and allocate time accordingly? 

4) Which part would you like to cover for the thesis project? Like production, do 

you have any important things or on whole? 

5) What are the sustainability measures that you have undertaken? Like recy-

cling, remanufacturing, Etc 

6) Tell me the process of waste disposal? 

7) Do you have any extra workers? Alternate workers for the production 

8) What is the company strategy, vision, mission? 

9) What do you think about the most frequent products that the customer buys? 
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Interview: 3 

Participant: CEO, Marketing and Production 

Time: 1 hour 

1) What are the problems that you are facing? 

2) Why the company chooses to have customized production?! 

3) What are the company's competitors? What challenges do you face when 

maintaining the relationship with customers? 

4) what about long-term vision? 

5) What is your expectation in the short term? Within 5 years!  

6) How does the company sustain the pandemic? Any measures you have under-

taken for sustaining the business! 

7) are the customers or suppliers involved in the internal processes? 

8) Do you face any pressure from stakeholders? What it is? of course,  

9) tell me the fear you have (cost, time, losing competitiveness) 

10) Which product has the highest sales during the year/ product segment etc? 

11) How do measure and the timing for production, allocate the time based on cy-

cle time! 

12) What are the steps that you are going to take to achieve full productivity (the 

picture we have when planning) and demand variation? 

13) Which of the customer segments that you are targeting? 

14) Which one you choose that will be better hand to business! Select according to 

the preference. 

a) Increase the number of sales.  

b) Increase customer satisfaction. 

c) Sustainability  
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Interview: 4 

Participant: Economy employee 

Time: 1 hour 

1) What are your roles and responsibility?  

2) In what ways do you get committed to the company?  

3) How important do you feel that the company should adapt to the current situa-

tion?  

4) Tell me anything that comes to your mind where we shall have the improve-

ment? 

a) Management 

b) Production 

5) What kind of motivation you are getting to grow as an employee? 

6) What are the company's short-term plans?  

7) What are the long-term plans?  

8) Do you measure the performance of the employee? 

9) Do you suggest any cost-saving methods to the company? 

10) What do you think about sustainability?  
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10.2 Focus group 

No of participants:4 

1) What you like the most to be a part of the company 
2) What is your expectation in the future? 

3) What are your personal goals during work? 

4) What are the challenges that you are facing during the work? 

5) What are the changes that should be considered at present? And in the future? 

6) What do you think about lean? 

7) What do you think about sustainability? 
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10.3 Lean and green assessment-Production 

Host- Vigneshwar 

Participants: Production employees 

Scope: To know the different kinds of waste that have been involved in the produc-

tion. 

Lean: It is eliminating waste from production, waste is very harmful, and it doesn’t 

add value to you as well for the company. It is necessary to do the things which add 

value to the company. There are a total of eight wastes found in the production. If it is 

possible that we together find out the waste and eliminate it from now onwards. We 

will have a sustainable production (long-term successful production) that will over-

come the competitors and excel with what we have right now. 

Green: It is necessary that you should take responsibility for providing a better work-

ing environment. To do that we should support and continuously improve the produc-

tion system of the company. Thinking for better well-being for yourself and also for 

the environment. 

These are the eight waste of lean and their green impacts in the production: 

A kindly answer which is relevant to you by yes or no: 

1) Overproduction- Producing more products will lead to  

• Excess product defects- 

• High usage of energy and raw materials- 

2) Unnecessary inventory- Having not properly utilized the inventory spaces 

• Shelves of unused office supplies- 

• Perishable products may go bad before usage or before being sold- 

• Excessive power usage for heating/cooling/lighting- 

• Potential extra material used- 

3) Transportation 

• Sending unsold products from the shelf back to the customer 

• Excess usage of trolley within the production 

4) Unnecessary motion- Spending time for excess movement, that does not add value, 

• Software usage requires too much time- 

• Employees searching for materials tools or equipment- 

• Printers or other equipment’s that are not conventionally located- 

• Inadequately stocked inventory- 

• Increased usage of space and energy- 

• High investment in equipment and materials to support unnecessary motions- 
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5) Lost human capital and potential- Unutilized employee  

• The time that you spent correcting errors or responding to emergency orders- 

• You as an employee lack opportunities to learn new skills and utilize hidden 

talents- 

• You as an employee not involved in the process improvement- 

• You lack the opportunity to advance within the company- 

• You spend on time that does not add value- 

• You have advanced skill but doing regular work-  

6) Defects 

• Development of product that does not meet safety regulations- 

• Manufactured items failed to meet customer specifications- 

• Waste of raw materials and energy- 

7) Inappropriate processing 

• Excess raw material usage during the processing- 

• Potential hazardous process- 

8) Waiting   

• Waiting for the code to be developed- 

• Customers have been waiting for us to deliver products from us- 

• Operating machines take too long to respond- 
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10.4 VSM calculation 

Present state 

• VA 3.6 hours/ 10 product 

• Current lead time= 20 working days 

• VA/NVA= 2.57% for the week 

Future state 

• VA= 3.58 hours/ 10 product 

• New lead time = 4 working days 

• VA/NVA= 12.78% for a week 

 

 

Takt time= Total availabe production time/ Avg customer demand 

Tt= 135000/20= 6750S 

Per day=25200 

Demand=20 

Availbe production time= 4 days/100800S 

 

New takt takt time=5040S 
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10.5 Spaghetti diagram (showing the present movements) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


