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Abstract 

Due to the pressure of global competitiveness and its local ramifications on manufacturing 

businesses in the global south, many organisations are struggling to be both profitable and 

environmentally compliant as local regulatory institutions begin to demand environmental 

friendliness from the manufacturers. Over the past few years, organisations have adopted 

different methodologies to improve their performance. These methodologies include Lean 

Manufacturing (LM) and Green Manufacturing (GM). 

This research was carried out in four parts, using two methods, one qualitative and the other 

quantitative. The first part was based on a qualitative method where a Systematic Literature 

Review (SLR) was conducted using the Population, Intervention, Comparison, Outcome 

(PICO) format, and ATLAS.ti. This part seeks to understand the impact of the joint 

implementation of Lean and Green techniques on the performance of organisations from a 

literature perspective and propose ways to improve the synergies while limiting the mutually 

detrimental effects. It is apparent from the literature that implementing Green methodologies 

is not always complementary to Lean, but the nature of this relationship and the extent of their 

interaction have not been fully studied. Buoyed by the increasing demand for improved 

productivity and environmentally conscious manufacturing, research in the area of Lean-Green 

Manufacturing has experienced significant growth over the last decade, while there has not 

been a review of the work done since then. This first section, therefore, seeks to review Lean-

Green articles published post-2013 and compare the findings to that of Dües et al. (2013) to 

understand the current state of the research. A systematic literature search was done to identify 

the Lean-Green articles from Scopus, Web of Science, and Google Scholar databases that were 

published post-2013. The PICO strategy was used to develop and answer research questions. 

ATLAS.ti version 22 was used to analyse the 141 papers and develop research themes. The 

results indicated that LM and GM have strong synergies, and when integrated, they tend to 

deliver superior organisational performance than individually. These findings agree with the 

pre-2013 results but with some additions, such as synergies in sustainable performance and 

value addition. Therefore, it helps to align LM and GM so that the full benefits of the 

complementary relationship are realised, and where dichotomy exists, it guides its 

amelioration.  

The other parts were carried out using the quantitative method by collecting data through a 

survey and analysing the data using Structural Equation Modelling (SEM). The second part 

investigates the complementary nature of LM and GM on how they impact operational and 

environmental performance. It examines whether a combined Lean-Green implementation 

leads to better organisational performance than when LM and GM are implemented 

individually. It also explores whether being environmentally compliant leads to improved 

organisational performance. A survey was conducted on the Zimbabwean manufacturing 

industry. Out of the 782 questionnaires distributed, 302 valid responses were obtained and 

analysed using SEM in SMART-PLS. The results indicated that both LM and GM impact 

environmental and operational performance. However, GM indirectly affects operational 

performance through environmental performance. In addition, when LM and GM were 

combined, the impact was greater than when they were used separately. Therefore, the 
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companies that have successfully implemented LM can implement GM more easily because of 

their complementary nature. Integrating LM and GM reduces most forms of waste, causing 

improved environmental performance, community relations and customer satisfaction.  

 

The third part evaluates whether the integration of LM and GM impacts sustainable 

performance more than when they are implemented separately. Also, it investigates whether 

being environmentally compliant has an impact on social and economic performances of 

organisations. It investigated whether an improvement in environmental performance can make 

organisations improve their economic and social performance. Thus, demonstrating that 

environmental compliance should not only be viewed as a requirement for compliance but as 

a way of improving social and economic performances. The results of the SEM showed that 

integrating GM and LM has a greater impact on economic, social, and environmental 

performance than when implemented separately. Moreover, an improvement in environmental 

performance led to improvement in both social and economic performances. Thus, Lean-Green 

positively impacts social performance by improving workers' health and safety, labour and 

community relations.  

 

The last part assessed the impact of internal and external Lean-Green barriers on sustainable 

performance. More recently, organisations have been integrating LM and GM to harness their 

combined benefits, and some have successfully integrated the two methods. However, even 

after successful implementation, other organisations fail to achieve their goal of improving 

their sustainable performance due to extant Lean-Green barriers. Thus, organisations need to 

know and understand these barriers, because without such understanding, performance 

improvements may be jeopardised. Thus, this research aims to investigate the impact of internal 

and external barriers faced by organisations post implementation and how they affect their 

intended goal of improving sustainable performance. The results showed that internal and 

external barriers impede organisations from achieving their goals, and hence, they deserve 

attention.  
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Chapter 1: Introduction 

1.1 Introduction 

The current business environment reflects a notable increase in competition (Abualfaraa et al., 

2020; Aisyah et al., 2021). The higher level of competition pushes inefficient organisations out 

of the market and promotes the growth of efficient ones (Lartey et al., 2020). This forces 

organisations to improve the value they create and become more customer-focused through 

high-quality products, short response lead times, and low product costs (Fercoq et al., 2016). 

Industries are experiencing technological advancements, and many organisations are 

incorporating technologies to improve their processes to remain competitive (Leong et al., 

2019). Different methodologies such as Lean Manufacturing (LM) (Garza-Reyes, 2015; Buer 

et al., 2021; Saini and Singh, 2022) and Green Manufacturing (GM) (Ramos et al., 2018; 

Machingura and Zimwara, 2020; Singh, 2021, Al-Hakimi et al., 2022) are now being adopted 

to improve customer satisfaction and increase competitive advantage (Fercoq et al., 2016).  

GM is a manufacturing method that does not harm the environment by minimising 

environmental waste and different types of pollution. It aims to maximise the use of resources 

during the manufacturing process (Mudgal et al., 2009). GM involves the use of 

environmentally friendly raw materials, environmental design of products, eco-friendly 

distribution, packing, and disposal or reuse of products (Rehman and Shrivastava, 2013). LM 

aims to eliminate any non-value-adding activities (Möldner et al., 2020). Lean enables 

organisations to add value to their processes and products while removing different types of 

waste (Abualfaraa et al., 2020). Thus, the Lean philosophy eliminates non-value-added 

activities in operations (Fercoq et al., 2016), while the Green philosophy eliminates 

environmental waste (Dong et al., 2020).  

LM and GM have been integrated to reduce waste. Lean-Green Manufacturing allows 

companies to increase efficiency while lowering costs (Lartey et al., 2020). Traditionally, 

companies were only concerned about their responsiveness, efficiency, and profitability 

(Cherrafi et al., 2017c); however, concerns for social and environmental issues are increasing 

within economies (Fercoq et al., 2016). With continual growth in environmental awareness and 

increased requirements by regulators, shareholders, customers, and governments, organisations 

are forced to change their ways of operation (Queiroz et al., 2015). The stakeholders are 

pushing the suppliers to be friendlier to the environment with respect to their processes and 

products (Acqah et al., 2021). Hence, organizations implementing Lean-Green Manufacturing 

create a good image before their customers, stakeholders, and pressure groups, thereby creating 

opportunities for improved acceptance and, hence, firm growth (Lartey et al., 2020). 

Lean and Green Manufacturing have been separately implemented by organisations to increase 

competitiveness and organisational performance. Companies are already gaining competitive 

benefits by implementing LM practices (Núñez-merino et al., 2020; Antony et al., 2022).). As 

a result, product quality, production, employee health and safety, and customer satisfaction 

have all improved. The adoption of Lean-Green can make organisations enhance their 

sustainability. The sustainability concept has been acknowledged as a way to increase 

competitive advantage (Kumar et al., 2016). Sustainability covers the role that organisations 

have in satisfying humans' needs while preserving nature (Hasan and Ali, 2015). LM and GM 
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have been implemented separately to improve organisational performance. Thus, the 

integration of these two methodologies can address issues around social, economic, and 

environmental sustainability (Bhattacharya et al., 2019). 

United Nations Development Programme Zimbabwe (2012) noted that Zimbabwe is lagging 

on greening its economy. It was highlighted that there is a need for research on GM and 

sustainable issues to help the country reduce pollution, waste production, environmental 

damage, and optimising natural resource use. In Zimbabwe, few studies have been conducted 

on the adoption of GM and LM practices and their impact on organisational performance. 

Noted examples of the application of GM are in the foundry industry (Fore and Mbohwa, 

2010), leather manufacturing (Dandira et al., 2012), cement manufacturing (Fore and Mbohwa, 

2015), mining industry (Nyakuwanika et al., 2021), mining and manufacturing industry 

(Machingura and Zimwara, 2020) and food industries Chirinda and Mutubuki (2021). Various 

authors have also reported on the adoption of LM in Zimbabwe. For instance, Madanhire and 

Mbohwa (2016b) examined the implementation of Statistical Process Control (SPC) and 

concluded that its adoption is very low due to the challenges faced. On the other hand, 5S was 

adopted to investigate Just in Time (JIT) implementation in the aluminium foundry industry 

(Madanhire et al., 2013). Maware and Adetunji (2019a) investigated the impact of different 

Lean practices on operational performance and found out that LM has a positive relation with 

operational performance. Other researchers have integrated LM with other manufacturing 

techniques, such as Lean Six Sigma (LSS) (Goriwondo and Maunga, 2012; Karombo and 

Rutiri, 2014). 

Although Lean-Green helps organisations to improve, such improvements are hindered by 

internal and external barriers (Yadav et al., 2020). Internal barriers are hindrances that occur 

inside the organisation, for example, lack of top management commitment and lack of training 

and education (Anis et al., 2019). External barriers are the hindrances that occur outside the 

organisation for example, uncertain future legislation (Jabbour et al., 2016). Therefore, these 

barriers that impede organisations from attaining their goals must be addressed.  

1.2 Background of the research 

The economy of Zimbabwe has been unstable since the introduction of multicurrency in 2009, 

and the growth of the Gross Domestic Product (GDP) has not been steady because over the 

past years, as soon as it starts growing, it declines again (Maware and Adetunji, 2019a). The 

World Bank (2021) pointed out that in 2019 and 2020, the GDP of Zimbabwe decreased by 

8%. While the rapid industrialisation of countries around the world has led to a significant 

improvement in the economies, it also negatively impacted the environment (Ramos et al., 

2018). Furthermore, customers have increased their demand for improved quality and lower 

cost of products, and more recently, reduction of the environmental effects associated with the 

production of goods and services (Ramos et al., 2018; Garza-Reyes, 2015). Leme et al. (2018) 

acknowledged that environmental issues need to be considered as a competitive differentiation 

tool. In such a business environment, there is a need for manufacturing organisations to 

implement the methodologies that can help them to survive. As a result, manufacturing 

companies adopt different methodologies to address environmental issues (Ramos et al., 2018), 

improve customer satisfaction, and gain a competitive advantage. 
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In addition, resources are becoming scarce, making them more expensive; thus, the 

minimisation of their consumption is now the aim of most organisations (Fercoq et al., 2016). 

The environmental issues faced nowadays have encouraged organisations to go green. Issues 

like the greenhouse effect, noise pollution, ecosystem imbalance, loss of biodiversity, air 

pollution, ozone layer depletion, and toxic materials have drawn concern from the stakeholders. 

Pollution is detrimental to the environment as it causes health hazards such as lung cancer, 

heart diseases, and stroke, amongst others (Kuo and Lin, 2020). Every year, pollution causes 

an average of nine million deaths worldwide, which is 16% of the total deaths (Kuo and Lin, 

2020). Companies are adopting GM intending to contribute directly to improvements in 

environmental management, and to indirectly gain a competitive advantage (Bhattacharya, et 

al., 2019). GM leads to improved products and processes, the image of the company, and 

competitiveness (Ramos et al., 2018). The adoption of GM has several advantages, including 

a reduction in raw material consumption, reduced effluent waste, reduced accidents, reduction 

in solid waste, cost reduction and compliance with environmental regulations (Ramos et al., 

2018). Organisations are also adopting LM to reduce Lean waste, increase value, improve 

product quality, reduce costs and gain competitive advantage (Núñez-merino et al., 2020). 

Thus, organisations have been focusing on waste reduction through implementing Lean-Green 

(Dong et al., 2020; Singh, 2021, Al-Hakimi et al., 2022). 

The interest in integrating Lean and Green manufacturing has increased in industry and 

academia (Leme et al., 2018). The integration of LM and GM has gained popularity due to 

their synergistic effect and the improvements they bring to the organisations (Ramos et al., 

2018; Leme et al., 2018). LM and GM are complementary and are governed by three main 

principles: waste minimisation, process centredness, and a high degree of people involvement 

(Fercoq et al., 2016). They both seek to solve problems and search for improvements through 

employee involvement (Ramos et al., 2018). Although LM and GM have different approaches 

and origins, they both aim at cost reduction through efficient resource utilisation and waste 

minimisation (Bhattacharya et al., 2019). Although LM and GM focus on different types of 

waste, organisations are integrating LM and GM as both approaches focus on waste reduction 

(Farias et al., 2019; Leong et al., 2020; Dües et al., 2013; Leme et al., 2018). Manufacturing 

companies can simultaneously implement Lean and Green philosophies to reduce costs, 

improve the company image, reduce risks, increase revenue (Fercoq et al., 2016), improve 

productivity, optimise resource usage, and improve the quality of products and services (Ramos 

et al., 2018). Leong et al. (2020) supported this by acknowledging that waste minimisation and 

improved operational performance are achieved by implementing Lean-Green. Integration of 

LM and GM can make manufacturing companies competitive and increase profits, which is the 

goal of these organisations (Bhattacharya et al., 2019; Fercoq et al., 2016). Thus, integrated 

Lean and Green practices are being regarded as vital techniques that are deployed to improve 

financial and environmental performances (Kuo and Lin, 2020).  

Green practices are realised as a big chance to increase Lean performance; therefore, those 

Lean companies that adopt GM attain better Lean results compared to those organisations that 

do not (Fercoq et al., 2016; Cherrafi et al., 2018). Ramos et al. (2018) emphasised that Lean 

can be considered Green as it acts as a catalyst to improve GM results. Therefore, researchers 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-4- 

 

are exploring the synergistic effect between the two concepts to attain common benefits 

(Bhattacharya et al., 2019).  

However, Venugopal and Saleeshya (2019) stated that manufacturing organisations focus 

primarily on economic sustainability, followed by social sustainability and lastly 

environmental sustainability. The environmental bottom line has been of the least importance 

to many organisations because it is the one that does not seem to have the most obvious and 

immediate benefit to the organisation. This is because it directly affects the environment, unlike 

social and economic sustainability, which are more directly linked to organisational return and 

image. It is apparent that the economic bottom line is of interest to most organisations due to 

the profitability implications, while the social bottom line has a more direct impact on the image 

of the organisation due to the perception within the local community, which seems to buy them 

good social capital, and then translates to increased market share, and hence, profitability in 

the future. According to Michlak and Schucht (2004), organisations will comply with 

environmental regulations only if the penalty for environmental violation is greater than the 

cost of being compliant. Thus, it seems some organisations weigh their options: either polluting 

the environment and paying a small fine or implementing environmental management 

techniques at a cost (Walton et al., 1998). As a result, some prefer paying fines, as they do not 

realise how environmental performance can help them improve their economic performance, 

which is of main interest to them. Therefore, most companies view environmental management 

issues as an issue of compliance with the regulations only. However, in this study, the 

researcher wants to investigate if environmental management is more than a compliance issue, 

being a means of improving social and economic performances. That means in order for 

organisations to maximise their economic performance, they should be concerned, not only 

about improving their financial growth, but should also focus on non-financial performances 

such as the environment (Achim and Borlea, 2014). Once organisations realise the impact of 

their environmental performance on the economic performance, most of them will opt to 

implement environmental management techniques, not for the sake of compliance only, but for 

the economic gains as well. 

There is a realisation today of the need for organisations to measure their performance not only 

on the economic indices of profitability as has traditionally been done, and hence the 

progressive move towards the Triple Bottom Line (3BL) measures. This is because, the 

demands from the customers are no longer limited to the traditional competitive factors like 

fast delivery and high quality products, as the customers are now also interested in 

sustainability issues (Leme et al., 2018). Also, stakeholders like the government and 

communities are asking manufacturers to be environmentally conscious and opt for greener 

services and products (Leme et al., 2018; Baumer-Cardoso et al., 2020; Acqah et al., 2021). 

These changes in ecological requirements and customer demand have encouraged 

organisations to pursue environmental efficiency (Farias et al., 2019), and those companies 

that are not environmentally compliant may lose some of their customers. Different 

environmental aspects are now being considered before doing business; for example, the 

companies’ energy consumption, green design, solid waste management, and green materials 

philosophy (Fercoq et al., 2016). Thus, the environmental aspect needs to be regarded as a 

competitive tool by organisations desiring to improve customer satisfaction (Leme et al., 2018), 
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and as a result, organisations are considering adopting strategies to improve environmental 

performance.  

1.3 Problem statement 

The increase in environmental awareness can significantly affect companies in terms of 

customer satisfaction. Nowadays, many customers require companies to be friendlier to the 

environment (Lartey et al., 2020) or risk losing business. GM and LM have proved to help 

improve the company’s environmental and operational performance, thus meeting customer 

needs (Hassan and Jaaron; 2021; Buer et al., 2021; Saini and Singh, 2022) This can, therefore, 

hugely impact market share and competitive advantage.  

Integration of LM and GM could answer many questions of organisations, including the need 

for improvement in their operational and environmental performances (Fercoq et al.,2016). 

Recent work highlighted some gaps and areas of concern regarding the adoption of LM and 

GM. Although GM is complementary to LM in environmental efficiency improvement, Farias 

et al. (2019), acknowledged that there isn’t much proof on the successful integration of LM 

and GM. Garza-Reyes (2015) added that there is minimal and inconclusive research on the 

impact of Lean-Green techniques on organisational performance. The elements that enable the 

assessment of Lean-Green on performance are still unknown (Farias et al., 2019). Many 

organisations have not benefited from Lean-Green owing to a lack of a well-organised 

implementation system (Leong et al., 2019; Leong et al., 2020). Hence, its adoption has not 

received enough attention (Leong et al., 2020). Siegel et al. (2019) noted that a comprehensive 

conceptual framework for integrating LM and GM is lacking. Therefore, it is still unclear how 

to put it into practice to transform organisations to be more sustainable (Leme et al., 2018). 

Sumant and Negi (2018) highlighted that Indian Small and Medium Enterprises (SMEs) 

experience difficulties implementing the LM and GM practices, and little work has been 

published on such implementations. Bhattacharya et al. (2019) indicated that most academic 

research examined LM and GM implementation separately and not simultaneously.  

Furthermore, it seems like developing countries lag in integrating LM and GM compared to 

developed countries. Hence, there is a lack of a standard measurement model and a commonly 

accepted model of performance measurement to assess the impact of implementing such 

methodologies (Maware and Adetunji, 2019a). As a result, companies are not sure which LM 

and GM practices to adopt and the likely effect of such adoption on their performance. There 

is much confusion when new adopters want to implement such techniques because companies 

may not know what to do or expect, leading to haphazard implementations (Maware and 

Adetunji, 2019a). This makes management hesitant and skeptical about implementing these 

improvement methods (Maware and Adetunji, 2019b). As a result, it looks as if companies are 

wary of implementing GM and LM as they believe the implementation is probably just a 

resource consumption process with little or no tangible benefits to the organisations.  

Since both LM and GM are based on continuous improvement and waste reduction, it is 

essential to explore the effect of their joint implementation on organisational performance 

(Farias et al., 2019). Further research is therefore needed to address the gaps in Lean-Green 

implementation. To the best knowledge of the student, no study has been conducted to examine 
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the complementary effect of Lean-Green adoption on organisational performance. Most of the 

studies that have been conducted have focused on the impact of implementing LM and GM 

separately. Thus, this research investigates whether integrating LM and GM yields better 

results than implementing one of these philosophies alone. By considering this, the research 

aims to develop standard Lean-Green assessment models that can be adopted by manufacturing 

companies using data from Zimbabwe’s manufacturing industry.  

The simultaneous implementation of LM and GM has recently piqued the interest of 

researchers, and many benefits have been reported, including improvement in economic, social, 

and environmental performances. Although several studies have reported on the benefits of 

simultaneously implementing LM and GM (Dues et al., 2013; Fercoq et al., 2016), attaining 

such benefits is impeded by many barriers. Thus, Lean-Green barriers make it difficult for 

organisations to achieve the intended results. Various researchers have highlighted the barriers 

faced when implementing LM and GM, which are generally the same, and should reasonably 

be the same for Lean-Green implementation. However, organisations still face several 

challenges during the post implementation phase in trying to make Lean-Green attain its 

intended goal. Thus, it may not be sufficient to only examine the barriers faced during the 

implementation process, but also those faced post-implementation, as these can hinder the 

achievement of sustainable performance. Thus, in this research, the student considers the Lean-

Green barriers faced post implementation that impede organisations from attaining the 

improvement goals of sustainable development. This enables organisations to understand that 

Lean-Green barriers do not end at the implementation stage, but are also encountered 

afterward; hence, they should aim towards effective change management. Also, if such barriers 

are not identified and mitigated, the failure of firms to realise improvements in sustainable 

performance might lead to the perception that Lean-Green has no tangible benefits. Since 

organisations aim to improve their sustainable performance, it is essential to demonstrate how 

such barriers impede the improvement process. 

Hence, organisations should familiarise themselves with these barriers, especially in the 

developing world, where such research seems to be lagging (Singh et al., 2020). Even though 

the issues on the barriers have been discussed before, most researchers focused on the barriers 

faced in implementing either LM or GM; hence, there is a need to examine the post 

implementation phase barriers. For example, Sarhan and Fox (2013), Shang and Pheng (2014), 

Kanafani (2015), Abu et al. (2019) identified the barriers faced in implementing Lean practices. 

On the contrary, Luthra et al. (2011), Khiewnavawongsa and Schmidt (2013), Mathiyazhagan 

et al. (2013), Mittal et al. (2013), Mittal and Sangwan (2014), Ghazilla et al. (2015), Jabbour 

et al. 2016, Mathiyazhagan et al. (2017), Kaur et al. (2017), Singh (2020) highlighted the 

barriers to GM implementation.  

In addition, few studies have been done to test the relationship between the Lean-Green barriers 

and organisational performance. Most researchers identified the barriers encountered during 

the implementation stage and not after implementation; also, these studies did not examine the 

relationships between these barriers and organisational performance. Few studies have been 

done focusing on the relationship between LM or GM barriers and organisational performance. 

For instance, Mathiyazhagan et al. (2017) applied SEM to examine the barriers to Green 
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Supply Chain Management (GSCM) adoption and their impact on economic benefits and 

market image. In addition, Jabbour et al. (2016) also applied SEM and developed a model that 

shows the relationship between the barriers and operational and green performance. Mittal and 

Sangwan (2014) focused on testing the relationship between internal, economic, and policy 

barriers that affect the performance of organisations. This research extends this knowledge by 

examining the relationship between Lean-Green barriers and their effects on the 3BL. To fully 

explore the relationships, the barriers were classified into external and internal barriers, as done 

by Jabbour et al. (2016).  

To help companies survive the existing economic hardships, research should be conducted, 

focusing on the impact of Lean-Green on the organisation's performance. There is a great need 

to research these issues so that companies can understand the importance and benefits 

associated with their implementation. This research will help companies realise the benefits of 

GM and LM’s simultaneous implementation. It is believed that through such implementation, 

companies will significantly benefit at the same time protecting the environment. 

1.4 Research questions 

In this section, the research questions are presented, and the methodology adopted to answer 

each of the questions. The first research question was answered through the SLR approach, a 

qualitative method, and all the subsequent questions were addressed using SEM, a quantitative 

method. 

The study's goal is to find answers to the following research questions: 

RQ1. How complementary or contradictory are the impacts of implementing Lean and Green 

techniques in manufacturing organisations? 

This question was addressed by reviewing the published literature post the last major review 

by Dues et al. (2013). Various studies that have been done have focused on the implementation 

of LM and GM separately. However, over the past few years, there has been growth in research 

interests on Lean-Green. As a result, a lot of work has been done since Dues et al. (2013) to 

further the research on Lean-Green implementation. Considering the growth of the research on 

Lean-Green, it is believed that issues on Lean-Green Manufacturing are due for review. Leong 

et al. (2019) also pointed out that the need for studies on Lean-Green Manufacturing is 

increasing rapidly. Thus, this study is carried out to understand the mechanism for integrating 

LM and GM in such a manner that enhances operational performance and compliance with 

extant regulations.  

RQ2: Does the joint implementation of LM and GM lead to better organisational and 

sustainable performance than when LM and GM are implemented individually? 

Previous studies focused on the individual implementation of GM and LM and their effects on 

organisational performance. Since LM and GM have synergies which include waste reduction, 

continuous improvement, and people involvement (Fercoq et al., 2016), they can therefore be 

implemented simultaneously. However, more authors have focused on the individual impacts 

of either LM or GM without paying attention to their combined effects. Therefore, it is critical 
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to examine the degree to which the combined Lean-Green improve the performance of 

organisations and clarify if it is better to integrate Lean-Green or stick to individual 

implementations. 

RQ3: Does the improvement in environmental performance increase the economic and social 

performance of organisations? 

Manufacturing organisations are interested in improving their economic performance as it is 

directly linked to profits. As a result, some are not interested in improving their environmental 

performance and prefer paying fines for environmental violations. On the other hand, others 

are implementing environmental management techniques to satisfy the requirements of 

regulators since they are not sure how such implementation can enhance their overall 

sustainable performance. Thus, it is critical to demonstrate how environmental performance 

can make organisations improve their economic and social performance leading to improved 

sustainable performance. 

RQ4: To what extent do internal and external Lean-Green barriers impede organisations from 

attaining improved sustainable performance? 

Many authors have identified the barriers encountered during the implementation of either LM 

or GM. However, barriers are not only faced during the implementation stage, but post 

implementation as well and these barriers faced after the implementation process can also 

hinder organisations from achieving their goals. Hence, it is crucial to also examine these Lean-

Green barriers and the extent to which they impede organisations from realising improvements 

in sustainable performance. 

1.5 Research objectives 

The study's objectives are as follows: 

1. To determine how complementary or contradictory the impacts of implementing 

Lean and Green techniques are in manufacturing organisations. This would be 

accomplished by: 

• Identifying the synergies and divergencies between LM and GM through a SLR of 

papers focusing on Lean-Green implementation in the manufacturing industry.  

2. To evaluate the impact of implementing the combined Lean-Green approach on the 

environmental and operational performance of the manufacturing organisations in 

Zimbabwe. This would be accomplished by: 

• Developing a SEM model that evaluates the impact of LM and GM on 

environmental and operational performance of the organisations. 

• Analysing the impact of LM and GM on environmental and operational 

performance using SMART PLS 3. 
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3. To analyse the mediatory role of environmental performance function within the 

Lean-Green manufacturing sustainability complex. This would be accomplished 

by: 

• Developing a model using the SEM method that evaluates the impact of LM and 

GM on economic and social performance through environmental performance.  

• Analysing the impact of Lean-Green on socio-economic performance through 

environmental performance using SMART PLS 3. 

4. To investigate the extent to which internal and external Lean-Green barriers impede 

organisations from attaining improvements in sustainable performance. This would 

be accomplished by: 

• Developing a SEM model that evaluates the impact of Lean-Green barriers on 

attaining improvements in sustainable performance 

• Analysing the extent to which the Lean-Green barriers hamper organisations from 

attaining improvements in sustainable performance using SMART PLS 3. 

1.6 Contribution to knowledge 

Lean-Green standard measurement models shall be developed that can be used by different 

industries to measure the impact of Lean-Green implementation on sustainable organisational 

performance. It is believed that with a standard model, Lean-Green can be easier to implement. 

With knowledge of LM and GM towards sustainable organisational performance, many 

companies may be encouraged to implement these philosophies. This can be done using 

standard measurement models, hence, eliminating haphazard implementations. This does not 

only benefit the current Lean-Green implementations, but future implementations as well. This 

will make companies perform better, reduce the negative environmental effects caused by their 

operations and also minimise the consumption of natural resources. Therefore, companies, 

communities, and future generations will benefit. 

Additionally, a model shall be developed that assesses the extent to which internal and external 

Lean-Green barriers hinder organisations from attaining their intended goal. Thus, providing 

knowledge on what barriers are likely to be faced and the impact of such barriers on 

accomplishing enhanced and sustainable performance. This will help new adopters to 

understand that barriers are also faced post implementation and help them prepare accordingly.  

1.7 Thesis framework 

The thesis comprises six chapters: the introductory chapter, literature review, methodology, 

results, discussion, and conclusion. The thesis framework is shown in Figure 1.1 
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Figure 1.1: Thesis framework 
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1.7.1 Chapter 1: Introduction 

Chapter 1 highlights the background of the research, problem statement, research question, 

objectives, and the contribution of the research to the current literature.  

1.7.2 Chapter 2: Literature review 

This chapter presents the literature on GM and LM. It highlights the adoption of LM and GM 

by organisations in different countries with a particular focus on the Zimbabwean 

manufacturing industry. In addition, it identifies the research gap.  

1.7.3 Chapter 3: Methodology 

The two methods used in this research are outlined in this section. The chapter outlines the use 

of the qualitative and quantitative methods. The qualitative method employed SLR using PICO 

and ATLAS.ti coding in identifying the synergies and divergencies between LM and GM. The 

quantitative method used SEM to develop and analyse the research models. In addition, the 

chapter highlights the data collection and cleaning process. The use of Statistical Package for 

Social Sciences (SPSS) version 26 and SMART PLS 3 in data analysis was also discussed.  

1.7.4 Chapter 4: Results 

Chapter 4 highlights the results of this study. It discusses the complementary and conflicting 

areas of LM and GM. It indicates the synergies that can be exploited through the integration of 

LM and GM and the trade-offs that are encountered. Furthermore, it shows the impact of LM 

and GM on organisational and sustainable performance of manufacturing organisations. Also, 

it investigates the mediatory role of environmental performance on the impact of Lean-Green 

Manufacturing on socio-economic performance. It also demonstrates whether the integration 

of LM and GM yields better results than either LM or GM. The chapter ends by indicating the 

impact of internal and external Lean-Green barriers on sustainable performance. It was found 

that when LM and GM are adopted simultaneously, the improvements are greater than 

individual implementation. Also, environmental performance was found to mediate the 

relationship between Lean-Green and socio-economic performance. Finally, both internal and 

external Lean-Green barriers were found to negatively impact sustainable performance 

improvement. 

1.7.5 Chapter 5: Discussion 

This chapter delves into the details of the findings obtained in this research. It compares the 

results to those obtained by various authors. It also gives an insight into whether implementing 

Lean-Green is a viable option.  

1.7.6  Chapter 6: Conclusion and future research opportunities  

The research is summarised in this chapter by answering the research questions. In addition, it 

outlines the managerial, social, and practical implications of the research. Also, the research 

highlights the limitations and areas for future research opportunities. 

1.8 Chapter conclusion 

This chapter highlighted the background of research about LM and GM and the problem 

statement. It also indicates the objectives and research questions. In addition, it gives a 

framework for the research that outlines brief information about the other chapters.  
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Chapter 2: Literature review 

2.1 Lean Manufacturing 

Lean Manufacturing (LM) is a methodology aimed at eliminating waste (Prasad et al., 2016; 

Abu et al., 2019; Lartey et al., 2020; Viles et al., 2021), increasing value-added by operations 

(Indah et al., 2020) and increasing customer focus (Fercoq et al., 2016). LM refers to a system 

that uses fewer inputs to produce the same output as a traditional mass production system while 

offering the end customer greater variety (Kovilage, 2020). LM considers waste as using 

resources for any goal that does not create value for the customer (Pampanelli et al., 2014). It 

eliminates non-value-adding activities through continuous improvement (Ghobadian et al. 

2020; Möldner et al., 2020). Fercoq et al. (2016) pointed out that traditionally, LM focused on 

seven types of waste: defects, over-processing, excessive transportation, over-production, 

unnecessary inventory, unnecessary motion, and waiting. In addition to the seven wastes, 

Fercoq et al. (2016) also noted that environmental waste could be viewed as the eighth waste. 

Other researchers have considered non-utilised talent as the eighth waste (Lartey et al., 2020). 

These wastes are non-value-adding activities that clients are not keen to pay for (Cherrafi et 

al., 2018). LM has contributed to a high level of production efficiency for decades and has been 

denoted as a perfect way to run manufacturing organisations (Pampanelli et al., 2014). It has 

been adopted in management practice because it provides ways to achieve performance 

improvement (Marodin et al., 2019; Kuo and Lin, 2020). LM is related to the satisfaction of 

the customers and productivity improvement leading to enhancement in product quality, cost 

reduction and processes’ speed (De et al., 2020). Manufacturing organisations intend to adopt 

LM to reduce waste, lead time, and increase the variety of products (Narkhede et al., 2020).  

2.1.1 Lean Manufacturing and sustainability 

LM has been adopted by manufacturing companies to improve their organisational 

performance. More recently, Lean practices have been implemented to enhance the 

sustainability of organisations. For instance, Maware and Adetunji (2019a) examined the 

adoption of LM practices in the Zimbabwean manufacturing industry and real ised an 

improvement in flexibility, speed, and dependability. A case study in Indian Small and Medium 

Enterprises (SMEs) highlighted that adopting LM helps attain environmental, social, and 

economic improvements (De et al., 2020). Arumugam et al. (2020) also applied social and 

technical Lean practices in India and noted an improvement in financial, employee, and 

operational performance. The study in various countries by Bortolotti et al. (2015) noted that 

LM improves quality, delivery, flexibility, and cost performance. Yang et al. (2011) conducted 

research in different international organisations and pointed out that market, environmental, 

and financial performance are all improved through LM adoption. The study in the Italian 

manufacturing industries showed that LM leads to the growth of organisations and improved 

operational performance (Bevilacqua et al., 2017). 

2.1.2 Lean Manufacturing and developing countries 

Researchers have been conducting studies to examine LM implementation in developing 

countries in the past years. For instance, Santos Bento and Tontini (2018) applied LM in the 

Brazilian manufacturing sector and determined that LM leads to improved operational 

performance. In addition, research in the Brazilian automotive industry indicated that Just in 
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Time (JIT), and Total Productive Maintenance (TPM) cause a reduction in lead time and 

inventory, respectively (Marodin et al., 2019). Furthermore, Kamble et al. (2020) integrated 

Industry 4.0 and LM in the Indian manufacturing sector and noted that such integrations lead 

to enhanced sustainable organisational performance.  

2.1.2.1 Lean Manufacturing implementation in Zimbabwe 

Various researches on the application of LM techniques in Zimbabwe have been published. 

Maware and Adetunji (2019a) reported an improvement in operational performance by 

applying Jidoka, stability and standardisation, JIT, and employee involvement. A study by 

Muchaendepi et al. (2019) in SMEs concluded that JIT is the most deployed strategy for 

inventory management and performance improvement. Madanhire and Mbohwa (2016a) 

applied JIT and Total Quality Management (TQM) in the aluminum foundry industry and 

realised an improvement in operational performance. A case study by Ngwenya et al. (2016) 

examined the challenges that are faced in implementing TQM at a beverage company. Some 

of the major challenges pointed out are economic challenges, resistance to change, and 

inadequate funding. Mushipe (2012) reported the influence of Human Resources Management 

(HRM) on organisational performance in the food industry. Kudoma and Madzikanda (2014) 

developed a TQM framework to help SMEs improve their quality. Goriwondo et al. (2011a) 

reported improved machine utilisation and Overall Equipment Effectiveness (OEE) through 

TPM adoption in the pharmaceutical industry. In the bread manufacturing industry, Goriwondo 

et al. (2011b) applied Value Stream Mapping (VSM) and achieved a reduction in defects, 

inventory and motion. 

2.2 Green Manufacturing 

Green Manufacturing (GM) is the application of environmental, economic, and technological 

strategies to processes and products to improve the utilisation of raw materials, energy (Dong 

et al., 2020), and water through the reduction, recycling, and non-generation of waste  (Ramos 

et al., 2018). According to Abualfaraa et al. (2020), GM is an approach that focuses on 

removing environmental waste such as solid waste, waste water, and gas emissions. GM’s goal 

is to manufacture products that do not harm the environment (Hasan et al., 2021). Thus, it 

minimises the environmental damage by manufacturing processes, products and services 

(Fercoq et al., 2016). GM minimises the negative environmental effects of the production 

processes and consumption of goods and services, while improving the company's 

environmental footprint. It protects the environment by reducing toxic materials, using 

environmentally friendly processes and raw materials, designing for the environment, recycling 

and remanufacturing (Leme et al., 2018). Inspired by LM, Hines (2009) proposed the eight 

GM wastes, and these are greenhouse gases, excessive power usage, pollution, eutrophication, 

poor health and safety, excessive water usage, excessive resource usage, and rubbish. Hence, 

its adoption is anticipated to improve environmental sustainability by reducing solid waste, air 

pollution, waste water, and consumption of hazardous materials (Green et al., 2012).  

Furthermore, GM aims to reduce the consumption of raw materials, thus saving costs and 

conserving them for future generations (Viles et al., 2021). Furthermore, it minimises energy 

consumption and waste generation by considering the entire life cycle of the products (Ramos 

et al., 2018). Reduction in the consumption of raw materials is vital as the overuse of these 
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resources leads to massive environmental damage (Fercoq et al., 2016). Moreso, the fast 

depletion rate of natural resources makes them scarce and expensive, making GM 

implementation a viable option.  

2.2.1 Green Manufacturing and sustainability 

Recently, manufacturing organisations have become conscious of the role that environmental 

performance plays in such a competitive market (Mafini and Loury-Okoumba, 2018). GM has 

emerged as a new manufacturing methodology that has gained popularity due to its  role in 

attaining environmental sustainability (Mafini and Loury-Okoumba, 2018). Therefore, 

manufacturing companies are beginning to adopt GM to please the customers who are 

demanding that manufacturers use environmentally friendly processes (Green et al., 2012). The 

application of Green Supply Chain Management (GSCM) in the United States of America by 

Green et al. (2012) led to improved economic and environmental performance, which affects 

social performance. A GM framework was developed and validated in the Indian steel industry, 

which provides ways to achieve sustainability by applying GM practices (Rehman et al., 2013). 

2.2.2 GM and developing countries 

Manufacturing organisations in developing countries have been adopting GM practices to 

improve their organisational performances. The adoption of Green operational practices in 

Brazil improved Green performance through reduced waste, emissions, and material 

consumption (Soubihia et al., 2015). Research among South Africa’s manufacturing SMEs 

concluded that GSCM practices cause an improvement in operational performance (Mafini and 

Loury-Okoumba, 2018). In Malaysia, Hasan and Ali (2015) investigated the impact of 

implementing Green marketing and realised improvements in organisational performance.  

2.2.2.1 Green Manufacturing and its implementation in Zimbabwe  

Zimbabwe's manufacturing industry has shown evidence of GM deployment. Mbohwa (2002) 

highlighted that Zimbabwe could learn a lot from the Japanese companies in implementing 

GM. A noted example is the development of GM technologies such as electronic environmental 

management. Mutubuki and Chirinda (2021) analysed how GM can be used to reduce waste in 

the food industry. Some of the suggested Green practices are Reduce, Recycle and Reuse (3R) 

and green packaging. Masike and Chimbadzwa (2013) applied Life Cycle Assessment (LCA), 

environmental accounting, eco-efficiency, energy, and waste management in the foundry 

industry to improve material, operations, environmental, and energy efficiency. Machingura 

and Zimwara (2020) outlined a GM framework that can be adopted by manufacturing 

companies in Zimbabwe. Nyoni et al. (2011) conducted a case study in the tobacco processing 

industry to shed more light on how GM can be used as the basis for ISO 14001 implementation. 

The application of GM in the oil industry generated savings through pollution prevention and 

reduced consumption of resources (Madanhire and Mugwindiri, 2012). The case study by 

Mugwindiri and Mushiri (2016) in various manufacturing industries concluded that GM 

implementation leads to cost reduction and conservation of resources such as water. 
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2.3 Lean-Green Manufacturing  

Lean-Green is a new concept that integrates LM and GM to reduce waste (Vinayagasundaram 

et al., 2020; Viles et al., 2021), increase value, and improve environmental sustainability 

(Rezende et al., 2021).  

2.3.1 Integration of LM and GM in developing countries 

Over the past few years, LM and GM have been implemented separately by manufacturing 

companies seeking to improve their operations (Rodrigues et al., 2020). Although 

improvements were achieved, Baumer-cardoso et al. (2020) highlighted that when combined, 

LM and GM yield better results than alone. Although no case of LM and GM integration has 

been reported in Zimbabwe, other developing countries have been researching this issue. A 

study by Farias et al. (2019) in Brazil, developed a framework to evaluate the impact of LM 

and GM on organisational performance. The study conducted in China by Huo et al. (2019) 

concluded that Lean-Green positively impacts sustainable development. Thanki et al. (2016) 

identified ISO 14001 and TPM as the most influential Lean-Green practices in India. Dawood 

and Abdullah (2018) applied VSM and 3R in Iraq’s cement manufacturing company and 

discovered that these practices are significant in such industries.  

2.3.2 Lean-Green and sustainable development 

For the past years, organisations have been implementing LM and GM separately to improve 

organisational performance. Several researchers have reported on the individual 

implementation of LM and GM towards sustainability (Kovilage, 2020). Nawanir et al. (2020) 

reported that implementing LM in Malaysian SMEs leads to improvement in the Triple Bottom 

Line (3BL). On the other hand, the study conducted in various developed countries by Longoni 

and Cagliano (2015) highlighted that the involvement of employees and executive managers 

affects the alignment of LM practices which tend to affect the social and environmental 

performance. Furthermore, in the Malaysian manufacturing industry, Iranmanesh et al. (2019) 

found out that Lean practices improve sustainable performance. In addition, the study in Ghana 

noted that GM has a positive impact on the three dimensions of sustainability (Afum et al., 

2020a). Another research in the Ghanaian manufacturing industry also pointed out the positive 

impacts of Green practices on sustainable performance (Afum et al., 2020b). Recently, 

organisations have been enthusiastic about implementing methodologies that help them 

become sustainable and increase competitive advantage (Kumar et al., 2016), LM and GM 

included. The study in the United Kingdom packaging SMEs concluded that integrating LM 

and GM has a synergistic and positive effect on environmental and operational performance 

(Choudhary et al., 2019). Furthermore, the study in Chinese manufacturing organisations 

showed that the combined LM and GM have a greater impact on the 3BL on both customers’ 

and suppliers’ sides than when implemented individually (Huo et al., 2019). Also, the research 

done by Green et al. (2019) in US manufacturing firms, realised greater improvements in 

environmental sustainability and operational performances when LM and GM were combined.  

2.4 Synergies and divergencies between LM and GM 

2.4.1 Summary for pre-2013 Lean-Green studies: the road to Dües et al. (2013) 

This section highlights a summary of the findings by Dües et al. (2013) and the supporting 

references from the research done before 2013.  
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Figure 2.1: General overview of the complementary and contradicting areas between LM and 

GM (Dües et al., 2013) 

Dües et al. (2013) highlighted the synergies (Bergmiller, Mccright and Florida, 2009b) and 

divergencies (King and Lenox, 2001) between LM and GM. The similarities include the focus 

of both LM and GM on waste reduction (Torielli et al., 2010; Pampanelli et al., 2011; Bashkite 

and Karaulova, 2012; Cabral et al., 2012; Chahal, 2012) by applying various techniques and 

tools such as VSM and Life Cycle Assessment (LCA) (Bergmiller and McCright, 2009; 

Johansson and Winroth, 2009; Winroth and Johansson, 2009; Parveen et al., 2011). 

Furthermore, both methodologies involve people (Pampanelli et al., 2011; Bashkite and 

Karaulova, 2012), organisations, value and supply chain relationships (Florida, 1996; Simpson 

and Power, 2005; Winroth and Johansson, 2009), and both focus on lead time reduction 

(Pampanelli et al., 2011; Parveen et al., 2011). 

LM and GM show differences in various areas. Although both methodologies focus on waste 

reduction, they target different types of waste (Bashkite and Karaulova, 2012). Unlike GM, 
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LM is not concerned with product end-of-life because Lean customers are not so concerned 

with environmental performance (Bashkite and Karaulova, 2012). Instead, LM designs 

products to maximise performance while minimising cost. On the other hand, GM is concerned 

about product end-of-life issues (Florida, 1996; Bashkite and Karaulova, 2012); hence, it 

employs techniques such as LCA to minimise environmental damage (Hall, 2009). It was 

discussed that LM focuses on cost and flexibility while GM is concerned with improving 

environmental performance. In addition, Lean customers are more concerned about the cost of 

the product (Bashkite and Karaulova, 2012), which, together with lead time reduction, satisfies 

these customers. Hence, the products are designed to improve performance and reduce costs 

(Florida, 1996; Taubitz, 2010), making cost a key performance indicator. On the other hand, 

Green customers are interested more in environmentally friendly processes and products 

(Florida, 1996; Carvalho et al., 2010; Bashkite and Karaulova, 2012); hence, GM is concerned 

with eliminating environmental waste (Duarte et al., 2011). Therefore, LCA is deployed to 

monitor the environmental impact of the products in their entire lifetime (Johansson and 

Winroth, 2009). In LM, the process is based on JIT (Rothenberg et al., 2001; Zhu and Sarkis, 

2004), thereby increasing the frequency of replenishment, resulting in increased emissions 

(Rothenberg et al., 2001; Bashkite and Karaulova, 2012). GM reduces the replenishment 

frequency (Florida, 1996), thereby reducing greenhouse gas emissions. Hence, there is a need 

for trade-offs between JIT and greenhouse gas emissions (Rothenberg et al., 2001; Sawhney et 

al., 2007; Mollenkopf et al., 2010). The dominant cost in LM is physical costs, and VSM is the 

principal tool, while in GM, the dominant cost is the cost to future generations, and LCA is 

used as the principal tool (Johansson and Winroth, 2009). 

2.5 Comparison between LM and GM 

To successfully implement Lean-Green without missing the possible synergies or neglecting 

the important trade-offs that may arise, organisations must understand the complementary and 

conflicting natures of the two methods (Hallam and Contreras, 2016a). Most researchers have 

pointed out that the pattern obtained by Dües et al. (2013) is still apparent even today; hence, 

the student used their classification structure to highlight the similarity to the post -2013 

findings by referencing the more recent authors supporting these findings. These areas are 

shown at the top of Table 2.1 in items 1-13, with the more recent collaborations shown in the 

last column. However, we also found areas that Dües et al. (2013) did not seem to have covered 

extensively, and these have been added to the bottom of Table 2.1, thus, items 14-20. The 

extended areas are covered under the topic: philosophy focus; product and/or process focus; 

sustainability contribution, value; improvement process; profitability and competitiveness; and 

the most common practices. Table 2.1 shows this comparison of the attributes of LM and GM.  
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Table 2-1: Comparison of LM and GM: distinctive attributes 

LM and GM 

attributes 

LM GM Supporting reference 

1. Waste 

perception 

 

7 + 1 Lean 

wastes 

Environmental wastes (Abdullah et al., 2014; Garza-reyes et al., 

2014; Pampanelli, et al., 2014; Prasad 

and Sharma, 2014; Wiese et al., 2015; 

Bortolini et al., 2016; Hallam and 

Contreras, 2016; Lerher et al., 2016 ; Wu 

and Wang, 2016; Logesh et al., 2017; 

Zekhnini et al., 2021) 

2. Customer 

attention 

Customers are 

satisfied with 

the cost and lead 

time 

Customers are satisfied 

with the environmental 

management 

(Pampanelli et al., 2014; Bortolini et al., 

2016; Duarte and Cruz-Machado, 2018; 

Coutinho et al., 2019; Harisekar, 2021; 

Sharma et al., 2021) 

3. End of life 

approach 

No concern 

about end-of-

life products 

Concerned about 

products end of life 

(Campos and Vazquez-brust, 2016; 

Lerher et al., 2016; Harisekar, 2021) 

 

4. Product 

design focus 

 

Maximise 

performance, 

minimise cost 

Uses LCA to decrease 

waste and minimise 

environmental impacts 

(Garza-reyes et al., 2014; Hallam and 

Contreras, 2016; Thanki et al., 2016; 

Dawood and Abdullah, 2017; Moro et 

al., 2019) 

5. Focus of the 

concept 

Focuses mainly 

on diminishing 

cost  

Focuses on improving 

sustainable and 

environmental 

performance 

(Pampanelli et al., 2014; Hallam and 

Contreras, 2016; Rad and Azizi, 2021) 

 

6. Practice 

strategy 

It aims to 

increase the 

replenishment 

frequencies by 

decreasing lot-

sizes 

The objective is to 

decrease the 

replenishment 

frequencies 

(Bortolini et al., 2016; Campos and 

Vazquez-brust, 2016;  Harisekar, 2021) 

 

 

7. Supply chain 

management 

 

Customers are 

involved, and 

there is a close 

relationship 

with suppliers 

Suppliers are involved 

in improved 

environmental 

performance 

(Galeazzo et al., 2014; Sabadka, 2014; 

Hallam and Contreras, 2016; Wu and 

Wang, 2016; Duarte and Cruz-Machado, 

2018; Bhattacharya et al., 2019; Kumar 

and Rodrigues, 2020; Suhardini and 

Hadiwidjojo, 2021) 

8. Lead time 

approach 

Seeks to reduce 

lead time 

Seeks to improve lead 

time 

(Hallam and Contreras, 2016; Thanki et 

al., 2016; Basha et al., 2020; Suhardini 

and Hadiwidjojo, 2021)  

9. Waste 

reduction 

techniques 

Applies various 

techniques to 

reduce waste. 

Applies various 

techniques. 3R is the 

(Johansson and Sundin, 2014; Garza-

Reyes, 2015; Bortolini et al., 2016; 

Florescu and Barabaş, 2018) 
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 The most 

common and 

principal Lean 

practice is VSM 

most common. LCA is 

the principal tool. 

10. Employee 

involvement 

 

Employees are 

involved in 

continuous 

improvement 

Employees are involved 

in implementing GM for 

enhanced environmental 

performance 

(Abdullah et al., 2014; Johansson and 

Sundin, 2014; Sabadka, 2014; Lerher et 

al., 2016; Duarte and Cruz-Machado, 

2018; Bhattacharya et al., 2019) 

11. Leadership 

and strategic 

planning 

(organisation) 

Management 

should be 

involved and 

show 

commitment 

and provide 

resources, set 

clear strategies 

required for the 

successful 

implementation 

The successful 

implementation of GM 

requires the support, 

involvement and 

commitment of the top 

management in setting 

clear strategies 

(Abdullah et al., 2014; Szymanska-

Bralkowska and Malinowska, 2017) 

12. Gas 

emissions 

Increases the 

emissions due 

to increased 

transportation 

necessitated by 

JIT 

It aims to reduce all 

forms of emissions 

(Bortolini et al., 2016; Campos and 

Vazquez-brust, 2016; Hallam and 

Contreras, 2016; Jbira et al., 2020) 

13. KPI/s Cost and 

flexibility 

CO2 (Florescu and Barabaş, 2018; Harisekar, 

2021) 

14. Philosophy 

focus 

Long-term 

thinking 

Long-term thinking (Sabadka, 2014; Duarte and Cruz-

Machado, 2018) 

15. Product 

and/or process 

focus 

Focuses mainly 

on processes 

Products and processes 

focus 

(Sabadka, 2014; Duarte and Cruz-

Machado, 2018) 

16. 

Sustainability 

contribution 

Affects people 

and profit 

Affects the planet (Pampanelli et al., 2015; Pampanelli et 

al., 2016) 

17. Value  Value is created 

through the 

generation of 

products that 

attract 

customers due 

to low costs 

Value is associated with 

satisfying customers by 

creating products in an 

environmentally 

friendly manner 

(Pampanelli, 2015; Bortolini et al., 2016) 
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18. 

Improvement 

process 

Focus on 

continuous 

improvement 

through the 

elimination of 

Lean waste 

Focus on continuous 

improvement through 

the elimination of 

environmental waste 

(Fercoq et al., 2016; Bhattacharya et al., 

2019) 

19. Profitability 

and 

competitiveness 

Reduction of 

waste makes the 

companies more 

profitable 

Competitiveness is 

attained through the 

decrease in 

environmental damage 

(Kaswan et al., 2020) 

20. Most 

common 

practices 

 

VSM 3R Study results 

 

2.6 Lean-Green barriers  

Organisations have to understand the barriers they are likely to face in trying to attain 

improvements in sustainable performance and develop ways to tackle them. Several studies 

have been done to identify the Lean and Green barriers; for example, Cherrafi et al. (2017b) 

noted a lack of government support and lack of awareness. The study by Sarhan and Fox (2013) 

highlighted a lack of awareness, lack of top management commitment, and organisational 

culture as the three main barriers. Abu et al. (2019) indicated that barriers to Lean organisations 

are related to the activities of employees, including lack of knowledge, lack of labour resources, 

and resistance to change.  

Lean-Green barriers can be classified as either external or internal barriers, and such 

classifications help decision makers in organisations, governments, and other stakeholders to 

tackle them efficiently and effectively (Jabbour et al., 2016). In this study, the Lean-Green 

barriers were identified from the literature and are shown in Table 2.2. Internal and external 

barriers are latent variables, and they are measured using the items that were found in the 

literature. These items are represented by IB1 to IB10 for internal barriers and EB1 to EB7 for 

external barriers. The description of each item is also highlighted in Table 2.2. 

Table 2.2: Internal and external barriers 

Barrier Classification Barriers Description Authors 

Internal 

Barriers (IB) 

IB1 Lack of top 

management 

commitment 

The commitment of managers and support 

is important as they provide resources and 

knowledge, amongst others. 

1; 2; 3; 4; 5; 

6; 7; 8; 9; 

10; 11; 12, 

13, 14, 15 

IB2 Lack of 

awareness/ 

information 

Inadequate information on available 

technology options and limited access to 

information dissemination. 

1; 2; 6; 7; 8; 

9; 10; 12; 13 

IB3 Lack of Organisations' ability to attain 3; 5; 7; 9; 13 
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organisational 

resources 

improvements in organisational 

performance is hampered by a lack of 

technical and human resources. 

IB4 Ineffective 

technology 

The latest technologies are required to meet 

the requirements for proper Lean-Green 

adoption. 

1; 2; 4; 5; 7; 

8; 9; 12; 

14;15; 16 

IB5 Lack of 

training and 

education 

A lack of appropriately training programs 

may impede familiarising employees with 

relevant skills. 

1; 2; 4; 6; 8; 

9; 10; 12; 16 

IB6 Resistance to 

change 

Changing workers' mindsets from the 

traditional way of working is difficult. As a 

result, it is necessary to identify the 

employees who are hesitant to embrace 

new technologies and provide training to 

them, emphasising the benefits of Lean-

Green. 

1; 9; 10; 11; 

15; 16 

IB7 Fear of failure Involves the fear of failure to attain 

intended improvements, leading to 

financial losses, or the fear of product 

failure, resulting in a loss of competitive 

advantage. 

6; 10; 11; 12 

IB8 Poor quality of 

human 

resources 

Employees have been identified as one of 

the most critical resources for any 

organisation in its quest for success. 

2; 4; 5; 6; 9; 

10; 12; 14; 

15 

IB9 Company 

culture 

Organisations are unwilling to leave the 

traditional way of operation and 

methodologies that have worked enough 

for them. 

1; 2; 3; 4; 8; 

9; 10 

IB10 Financial 

constraints 

Funds must be invested to reap economic, 

social, and environmental benefits. 

1; 2; 4; 6; 7; 

8; 9; 10; 12; 

15; 16 

External 

Barriers 

(EB) 

EB1 Weak 

legislation 

Legislation and regulation are essential 

tools for the suitable governance of 

businesses and the environment in which 

they operate. Environmental laws and 

regulations offer a critical framework 

within which organisations must operate. 

3; 7 

EB2 Low 

enforcement of 

laws and 

corruption 

Ineffective adoption of laws, corruption, 

and an insufficient monitoring mechanism. 

7 

EB3 Low public 

pressure 

The absence of pressure from key social 

actors such as communities, the media, 

7 
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non-governmental organisations, banks, 

insurance companies, or politicians. 

EB4 Uncertain 

future 

legislation 

Future legislation may have unanticipated 

consequences for large investments in 

newer technologies. 

7; 9; 16 

EB5 Lack of 

government 

support 

Many companies, especially SMEs, find it 

challenging to generate large initial capital 

and, as a result, require government 

assistance.  

1; 6; 8; 10; 

12; 13; 14 

EB6 Low customer 

demand 

Due to price-sensitive and uninformed 

customers, there is a low demand for 

environmentally friendly products and 

processes. 

4; 6; 7; 9; 

12; 13 

EB7 Uncertain 

benefits 

Uncertainty about the benefits that can be 

obtained after making large investments in 

newer technologies. 

2; 4; 7; 9; 11 

Authors : 1 - Singh et al. (2020); 2 - Kumar et al. (2015); 3 - Mittal et al. (2016); 4 - Kumar et 

al. (2016); 5 - Sindhwani et al. (2020); 6 - Kumar et al. (2016); 7 - Mittal and Sangwan (2014); 

8 -Machingura and Zimwara (2020); 9 - Osman et al. (2020), 10 - Cherrafi et al. (2017); 11- 

Abolhassani et al. (2016); 12- Kaur et al. (2017); 13 - Mathiyazhagan et al. (2017); 14 - Luthra 

et al. (2011); 15 - Narkhede et al. (2020); 16 - Jabbour et al. (2016)  

The literature has demonstrated what LM and GM studies have been conducted. This shows 

that there are still opportunities for research in this area, especially on LM and GM integration. 

Also, the literature has demonstrated how developing nations are progressing on LM and GM 

adoption. Thus, this shows that there are some questions which are yet to be answered and this 

research aims to answer some of these questions as identified in section 1.4. To answer these 

questions qualitative and quantitative methods are used, for instance, SEM will examine the 

impact of Lean-Green on organisational performance. 

2.7 Research gap 

The research starts by examining the complementary and conflicting areas between LM and 

GM. Although Dües et al. (2013) did a similar study, this research seeks to expand this 

knowledge, but in this case, focusing on papers published post-2013. Thus, a comparison was 

made with the results by Dües et al. (2013), which focused on papers published pre-2013. 

Furthermore, the research investigates the impact of Lean-Green on operational and 

environmental performance. Most previous studies focused on the impact of either LM or GM 

on the performance of organisations (Ganiyu, 2021; Hassan and Jaaron; 2021; Rehman and 

Yu, 2021; Sharma et al., 2021; Singh et al., 2022, Saini and Singh, 2022). However, this 

research expands this knowledge by examining the effect of combined Lean-Green on the 

performance of organisations. The only study that considered the impact of Lean-Green on 

organisational performance was done by Inman and Green (2018) in US manufacturing 

companies. However, the limitation of that study is that it did not compare the impact of 
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simultaneously implementing LM and GM with individual implementation. This would have 

shown if integration LM and GM yields better results than individual implementation, thus, 

making the organisations decide whether to integrate Lean and Green or implement one of the 

methodologies. 

Also, the study examined the mediatory role of environmental performance on the relationship 

between Lean-Green and socio-economic performance. Most studies focused on the individual 

implementation of LM and GM and their impact on sustainable performance (Antony et al., 

2022). This research extends the current knowledge by investigating the impact of Lean-Green 

on 3BL. Additionally, the research demonstrates the impact of improving environmental 

performance on economic and social performance improvements. Thus, exploring how 

improvements in environmental performance can make organisations improve their economic 

and social performances leading to enhanced sustainable performances. 

The impact of Lean-Green barriers on hindering organisations from attaining improved 3BL 

was highlighted in this study. To the best knowledge of the student, no research has been 

conducted that developed a Lean-Green structural equation model to assess the relationships 

between Lean-Green barriers that are encountered post implementation and enhanced 

sustainable performance. The only study that examined the relationship between internal and 

external barriers to organisational performance was done by Jabbour et al. (2016). However, 

the research was on green operational practices, not Lean-Green Manufacturing, and did not 

consider the effect on sustainable performance. 

2.8 Chapter conclusion 

This chapter discusses the literature on LM, GM and Lean-Green, and their implementation in 

developing countries, including Zimbabwe. In addition, the synergies and divergencies 

between LM and GM were pointed out. The barriers to the implementation of Lean-Green 

Manufacturing were also identified and discussed in detail. 
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Chapter 3: Methodology 

3.1 Introduction  

This chapter discusses the methodologies that were used in this research. It is important to 

emphasise that two research methodologies will be presented in this section, one is qualitative 

and the other is quantitative. The research questions needed to be addressed by different 

approaches; hence a mixed method was used. The first research question was addressed using 

the qualitative method and the other questions were answered using the quantitative method. 

The qualitative method was done using the Systematic Literature Review (SLR), which 

employed the Population, Intervention, Comparison, Outcome (PICO) technique and coding 

with ATLAS.ti. Thus, allowing the author to determine the complementary and conflicting 

nature of Lean Manufacturing (LM) and Green Manufacturing (GM), focusing on papers 

published post-2013. Thus, expanding the work done by Dües et al. (2013). The quantitative 

method used Structural Equation Modelling (SEM) to analyse the data collected through a 

survey and explore the impact of Lean-Green on organisational performance. Additionally, the 

data from the survey was used to analyse the extent to which internal and external Lean-Green 

barriers impede organisations from improving their sustainable performance. The data was 

analysed using Statistical Package for Social Sciences (SPSS) 26 and SMART PLS 3. Finally, 

the results obtained from the qualitative and quantitative methodologies were compared, and 

conclusions were drawn from them. 

3.2 Qualitative method 

3.2.1 SLR method 

This study used SLR to find existing information about the complementary and conflicting 

nature between LM and GM. SLR helps in identifying the gaps in extant studies and provides 

a crucial overview of these studies (Bhattacharya et al., 2019). It is a transparent, 

comprehensive, replicable and explicit method that ensures the process is conducted accurately 

(Farias et al., 2019; Siegel et al., 2019). SLR identifies, evaluates, and synthesises the existing 

recorded work done by other scholars, practitioners, and researchers (Siegel et al., 2019). It has 

gained popularity in various research fields as it gives a reliable means to get a complete 

overview of the research themes (Farias et al., 2019). SLR has five phases: (a) question 

formulation, (b) study location, (c) evaluating and selecting appropriate studies, (d) synthesis 

and analysis, and (e) using the obtained results (Caiado et al., 2017; Abualfaraa et al., 2020).  

In order to enhance the quality of the review, the PICO format was used. In evidence-based 

research, PICO  is used to formulate and answer questions (Scells et al., 2017). In this case, the 

population is the organisations; the intervention is the implementation of Lean-Green; a 

comparison was done with studies conducted before 2013 leading to the paper by Dües et al. 

(2013); and the outcome is the organisational performance. An important step in the PICO 

format is determining the synonyms using the PICO logic grid (Aromataris and Riitano, 2014; 

Vrchota et al., 2020). These synonyms are shown in Table 3.1.  
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Table 3-1: The PICO logic grid 

 Population Intervention Comparison Outcome 

Synonyms Organisations 

Companies 

Firms 

Green 

manufacturing 

Environmental 

manufacturing 

Eco/ecological 

manufacturing  

Clean 

manufacturing 

Low carbon 

manufacturing 

- 

 

Organisational 

performance 

Operational 

performance 

Sustainability 

Environmental 

performance 

Ecological 

performance 

 

 

During the search process, Lean was used as a single term as done by Kelendar et al. (2020), 

while the synonyms for Green were adopted from Vrchota et al. (2020). The search was limited 

to keywords such as LM, GM, Green, Lean-Green, Lean and cleaner production. Keywords 

identification allowed room for an unbiased and comprehensive review (Caiado et al., 2017). 

The articles used were identified from Scopus, Web of Science, and Google Scholar databases, 

using the search strategy in Table 3.2.  

Table 3-2: Search strategy 

 PICO tool Search terms 

1. P “Organi?ation*” OR “Compan*” OR “firm*” 

2. I (“manufacturing” OR “process*” OR “operation*” OR “technolog*” 

AND (“Green” OR “Clean” OR “Environmental” OR “low carbon” 

OR “Eco” OR “Ecological” OR “Clean”) 

3. C - 

4. O  (“performance*”) AND (“organi?ation*” OR 

“operation*, OR “sustainab*” 

 Query 2 AND 3 AND 4 

 

2921 papers were identified at the initial stage. Duplicate screening permitted for the exclusion 

of 2382 articles and 97 articles were removed because they had no authors’ names. Language 

exclusion allowed for the removal of 73 articles, while the non-availability of full text for 

download caused the elimination of 101 articles. The next phase of inclusion and exclusion 

was done using the PICO format (Kelendar et al., 2020), as shown in Table 3.3. The 268 

remaining articles were screened using the abstracts and titles, which caused 53 articles to be 

removed. Finally, the full-text analysis method permitted 74 articles to be excluded. The 

remaining 141 articles matched the selection criteria and were used in this study. Journal 

articles, conference publications and thesis published between 2014 and 2021 were considered. 

Figure 3.1 shows the methodology for the article selection. 
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Table 3-3: PICO inclusion and exclusion criterion 

PICO Included  Excluded  

Population All papers focusing on the integration 

of Lean-Green in the manufacturing 

industry. 

All papers focusing on Lean-

Green in other sectors that are not 

manufacturing. 

Intervention Implementation of Lean-Green. Implementation of LM and GM 

separately.  

Comparison Lean-Green implementation post-

2013.  

Lean-Green implementation pre-

2013. 

Outcome Impact of Lean-Green on operational 

and environmental performance. 

- 
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Figure 3.1: Article selection process 
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The selected articles were analysed using ATLAS.ti 22 to identify the themes and their 

relationships. ATLAS.ti was considered appropriate for this research to interpret, classify, and 

summarise the data gathered (Moshood et al., 2020; Moshood et al., 2021). One advantage of 

using ATLAS.ti 22 is that it provides quick access to articles based on keywords, relationships, 

subjects, and themes (Moshood et al., 2020; Moshood et al., 2021b). Open coding and in-vivo 

coding were used to identify keywords and important information. The first-order coding was 

accomplished by identifying keywords associated with LM, GM, environmental performance, 

operational performance, barriers, Critical Success Factors (CSFs), and drivers. First -order 

codes were assigned to terms like Just in Time (JIT), Reduce, Recycle and Reuse (3R), cost 

reduction, top management support, and financial barrier. Higher-level coding was used to 

aggregate these codes into groups. 137 first-order codes were identified, and these were placed 

into 11 groups. The group codes were further refined into 8 groups, namely: operational 

performance, environmental performance, barriers, CSF, drivers, integration with other 

techniques, synergies, and divergences.  

This section focuses on a literature review of the papers published post-2013. PICO and 

ATLAS.ti coding were used to analyse these papers. The following section looks at the 

quantitative method that was used in SEM as shown in chapter 4. 

3.3 Quantitative method 

The method discusses the data collection process from the Zimbabwe manufacturing industry. 

Zimbabwe is a developing country that is currently facing many economic challenges. Hence, 

many organisations worry more about improving their profits compared to implementing 

methodologies such as LM and GM, which also requires resources. This study, therefore, seeks 

to enlighten these organisations that their goal of improving profit can be attained through 

investing in Lean-Green. 

The method starts by developing the questionnaire through adapting questions from the 

literature, followed by data collection, data cleaning, data entry, and data analysis process. 

SEM was used to analyse the data and develop research models.  

3.3.1 Development of the questionnaire 

A self-administration questionnaire was developed to assess the impact of Lean-Green 

implementation on organisational and sustainable performance of the manufacturing 

companies. To enhance the validity of the questionnaire, it is recommended to adopt questions 

from the literature (Murillo-Luna et al., 2011; Huo et al., 2019; Shashi et al., 2019). The 

questions were extracted from (Nawanir et al., 2013; Godinho Filho et al., 2016; Inman and 

Green, 2018; Iranmanesh et al., 2019; Yadav et al., 2019). The questionnaire contained five 

sections. Section A focused on the general information about the company. Section B outlined 

the level of LM adoption by the manufacturing companies. Section C covered the level of GM 

adoption. Section D focused on the impact of implementing selected Lean-Green practices on 

environmental, social, economic, and operational performance. Section E outlined the internal 

and external Lean-Green barriers that impede organisations from attaining improvements in 

sustainable development. A five-point Likert scale was used with ratings; 1 = strongly disagree, 

2 = disagree, 3 = neutral, 4 = agree and 5 = strongly agree. These ratings specified the degree 

of agreement or disagreement with the given statements.  
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3.3.1.1 Content validity 

Content validity is the technique that is used to ensure that the measures adequately quantify 

the various concepts that they are supposed to test and it depends on how good the researchers 

cover the content of the variable under investigation (Luthra et al., 2015). In this research, the 

content validity was based on an exhaustive literature search and expert consultation as done 

by Govindan et al. (2015). The questionnaire was pretested by sending it to experts from the 

industry and academia to improve its validity (Murillo-Luna et al., 2011; Jabbour et al., 2013; 

Huo et al., 2019; Cherrafi et al., 2018; Belhadi et al., 2020). As a result, some questions were 

removed, others were modified, and some were added. The questions that were finally 

developed were used for data collection. 

3.3.2 Data collection 

The questionnaires were administered to the Zimbabwean manufacturing companies using two 

methods. The first method was the drop and pick method. 453 hard copies of the questionnaires 

were distributed through hand delivery. Initially, 209 questionnaires were returned, out of 

which 11 were considered invalid and discarded; hence, 198 valid questionnaires were used 

from this first method. The second method was an online survey that utilised a google form 

where a link to the questionnaire was sent to the potential respondents. 329 invitations were 

sent through an online survey, and 104 valid responses were obtained. To increase the response 

rate, several follow-ups were made through emails, telephone calls (Jabbour et al., 2013; Huo 

et al. 2019; Belhadi et al., 2020) and WhatsApp messaging (Diabat and Govindan, 2011). 

Personnel in higher positions such as operations, quality, and environmental managers were 

invited to participate in the study. The manufacturing, Safety, Health, and Environment (SHE) 

and quality departments were chosen because these are the areas that are well versed with LM 

and GM issues (Jabbour et al., 2013). Also, multiple respondents from the same organisation 

were invited to participate in the survey (Longoni and Cagliano, 2015), ensuring that the data 

is unbiased. The responses were kept anonymous with a high level of confidentiality (Murillo-

Luna et al., 2011). The total number of valid responses was 302, giving an overall response 

rate of 38.6 %. The response rate is high enough considering the questionnaire was completed 

by manufacturing personnel who are usually busy, as also acknowledged by Kuo and Lin 

(2020).  

3.3.3 Sampling methods 

This study utilises both probability and non-probability sampling methods which are expert 

sampling and random sampling. Expert sampling was used during the questionnaire 

development process. Random sampling was used during the data collection process, where 

respondents from the manufacturing industry were randomly selected to complete the 

questionnaire.  

3.3.3.1 Expert sampling 

Expert sampling is a technique for collecting the opinions of people who are experts in a 

particular field. It was used to identify Lean-Green experts from academia and industry who 

are familiar with LM and GM issues (Etikan and Bala, 2017). Experts were consulted during 

the questionnaire development process, and their comments and suggestion were considered. 

This improved the content validity of the survey instrument. Content validity is evaluated by 
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how clearly and effectively the research covers and explains the variable(s) under inquiry 

within any given study (Luthra et al., 2015). Hence, for the questionnaire to have content 

validity, all variables must be appropriately questioned (Del Greco et al., 1987). 

3.3.3.2 Random sampling 

The survey was conducted in the Zimbabwean manufacturing industry with a sampling frame 

that include food and beverage, chemicals and petrochemicals, plastic and rubber, 

pharmaceutical, agrochemical, wood and furniture, electronics and electrical, fertilizer, 

textiles, leather, paper, ceramic, steel, tiles and bricks, automotive, battery, foundry, tobacco 

and glass industries. However, no responses were obtained from the tobacco and glass 

industries; hence, they were not included in the study. 

To collect data from the specified sample frame, random sampling was used. Random sampling 

is a probability sampling strategy in which each member of the population has an equal chance 

of being chosen (Etikan and Bala, 2017; Berndt, 2020). Consequently, random sampling was 

used in this study. As a result, no pattern was used during data collection, and samples were 

chosen randomly based on the author’s accessibility owing to Covid-19 restrictions.  

3.3.4 Data cleaning and data entry 

After the data collection process, data cleaning process was done. This is a process of 

eliminating erroneously filled, replica, and incomplete data. Data cleaning is an important step 

prior to the data entry and analysis process. The student had to clean the data to eliminate 

invalid data that would affect the study results. Each questionnaire was evaluated, and 

responses that displayed specific patterns, such as diagonal patterns, were deemed ineligible 

and were eliminated. Additionally, questionnaires containing the same response for all the 

questions were eliminated. Furthermore, answers with a large amount of missing data were 

deemed invalid and were discarded. SPSS v 26 was used for data entry and the data was 

converted to Microsoft Excel in preparation for SMART PLS. 

3.3.5 Data analysis methods 

Two statistical software were deployed for the data analysis process. These are SPSS and 

SMART PLS. 

3.3.5.1 Descriptive statistics 

Data collected from the questions in Section A was analysed using descriptive statistics. 

Descriptive statistics helps in summarising and interpreting the data. The frequencies and 

percentages were determined as shown in 4.3 to 4.6. 

3.3.6 SMART PLS analysis 

Smart PLS is one of the well-known methods for Partial Least Squares Structural Equation 

Modelling (PLS-SEM). Since its introduction in 2005, the program's popularity has increased 

because researchers can use it for free for sample sizes not exceeding 100, and because it offers 

a user-friendly interface and comprehensive reporting tools (Wong, 2013). SEM is a 

multivariate data analysis technique used to assess models by investigating the relationships 

between variables. SEM uses unobservable, difficult to measure latent variables, making it the 

best method for solving research issues. 
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SEM has two submodels; the outer and inner models. The outer model describes the 

relationships between the latent variables and their observed indicators, while the inner model 

describes the relationships between the independent and dependent latent variables. SEM can 

be done in a variety of ways: The first strategy uses the popular Covariance-Based SEM (CB-

SEM) which is ideal for large samples and normally distributed data (Wong, 2013). However, 

it can be difficult to find a data set that meets these criteria, as many researchers acknowledge. 

The second strategy uses PLS-SEM, which makes no assumptions about the distribution of the 

data. Thus, PLS-SEM becomes a good substitute for CB-SEM (Wong, 2013). 

This research used Smart PLS to run the PLS algorithm, and perform bootstrapping, 

blindfolding, and Importance-Performance Map Analysis (IPMA). In addition, smart PLS was 

used to assess and validate the proposed relationships between the variables. PLS-SEM is more 

applicable when testing hypotheses and relationships that contain second-order latent variables 

(Green et al., 2018). 

3.3.6.1 PLS algorithm 

PLS algorithm was the initial method to be performed by using SMART PLS 3. During the 

model run procedure, 300 runs were performed (Hair et al., 2017). The results obtained from 

the PLS-SEM include path coefficients, cross loadings, outer loadings, Variance Inflation 

Factor (VIF), Cronbach’s alpha, composite reliability, coefficient for determination (R2), effect 

size ( f 2), Average Variance Extracted (AVE), Fornell-Lacker criterion and Heterotrait 

Monotrait (HTMT) ratio. AVE and outer loadings are used for assessing convergent validity, 

while HTMT, cross loadings and Fornell-Lacker criterion are essential for evaluating the 

discriminant validity. Additionally, Cronbach’s alpha values and composite reliability are 

useful in assessing the reliability and internal consistency of the measurement model. The 

interpretation of the PLS-SEM is given in detail in the results section. 

3.3.6.2 Bootstrapping 

Bootstrapping is re-sampling method used to determination the significance of the path 

coefficients on the structural model (Jabbour et al., 2013, 2016; Famiyeh et al., 2018; 

Ghobakhloo et al., 2018). The execution of the bootstrap algorithm enabled the evaluation of 

the quality of the structural model as recommended by Green et al. (2018). During the analysis, 

the bootstrap resampling method with 5000 runs were used (Hair et al., 2017; Ghobakhloo et 

al., 2018). Therefore, the significance of the model’s paths was determined using t-statistics 

and p-values at 5% confidence interval. 

3.3.6.3 Blindfolding  

Blindfolding procedure was used to obtain the predictive relevance of the model. The Stone-

Geisser’s Q2 value assesses how accurate the model is and shows its predictive relevance 

(Famiyeh and Adaku, 2018; Maware and Adetunji, 2019b). 

3.3.6.4 Importance Performance Map Analysis 

The IPMA was conducted using SMART PLS 3 to determine the importance and performance 

of the predecessor latent variable. This is done to identify those predecessor latent variables 

with high importance but low performance so that they can be improved. 
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Figure 3.2: Methodology Flow-chart 
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3.4 Chapter conclusion 

This chapter highlights the mixed methods used for this research. It illustrates the use of the 

qualitative method in determining the complementary and contradictory areas of LM and GM. 

It also explores how the quantitative method was used in developing and analysing the research 

models.  
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Chapter 4: Results  

4.1 Introduction 

This chapter starts by presenting the results of the qualitative method followed by those from 

the quantitative approach. The relationship between the findings of the two methods are 

compared, and conclusions are made. The overlaps for the complementary and conflicting 

nature of Lean Manufacturing (LM) and Green Manufacturing (GM) were determined. Also, 

the impact of Lean-Green on operational and environmental performance was illustrated. 

Furthermore, the mediatory role of environmental performance on the relationship between 

Lean-Green and socio-economic performances was indicated. Lastly, the impact of Lean-

Green barriers towards the improvements in sustainable development was outlined. 

4.2 Complementary and conflicting areas between LM and GM 

4.2.1 Introduction  

As local regulatory authorities begin to demand environmental friendliness from 

manufacturers, many are battling to be both profitable and ecologically compliant due to the 

strain of global competitiveness and its local consequences on manufacturing enterprises. From 

a literature viewpoint, this part aims to evaluate the impact of combining Lean and Green 

practices on organisational performance and provide ways to promote synergies while limiting 

mutually harmful consequences. Implementing Green techniques is not necessarily 

complementary to Lean, according to the literature, but the nature of this relationship and the 

extent of their interaction have not been completely explored. This section extends the present 

knowledge necessitated by the growth in Lean-Green interest and research. A systematic search 

was done to identify the Lean-Green articles from Scopus, Web of Science, and Google Scholar 

databases. To create and answer the research questions, Population, Intervention, Comparison, 

Outcome (PICO) format was used. Research themes were developed by analysing 141 papers 

using ATLAS.ti version 22. According to the findings, LM and GM have strong synergies and 

can be combined to enhance organisational performance. As a result, organisations should 

consider their simultaneous implementations to maximise benefits. However, conflicting areas 

exist between LM and GM, necessitating trade-offs.  

 

4.2.2 Brief background 

Dües et al. (2013) highlighted the integration of LM and GM and outlined a fully fleshed Lean-

Green overlap. In doing so, the papers written pre-2013 were used, and this research 

acknowledges this well-written paper. However, this research extends this knowledge by 

answering the following research questions. 

RQ1. How complementary or contradictory are the impacts of implementing Lean and Green 

techniques in manufacturing organisations? 

RQ2: Is the pattern obtained pre-2013 by Dües et al. (2013) similar or different from that 

obtained post-2013? 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-35- 

 

4.2.3 Findings  

4.2.3.1 Demographic characteristics 

Lean-Green Manufacturing is a method that seeks to integrate LM and GM practices to 

improve organisational performance. The integration is motivated by the fact that both methods 

focus on reducing manufacturing waste. Figure 4.1 shows the Lean and Green practices 

identified from the papers used. The most common Green practice is 3R while the most 

common Lean practice is Value Stream Mapping (VSM).  

 

 

Figure 4.1: Lean and Green practices 
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Legend: G is the groundedness, which shows how many quotations are linked to a code. 

DFE - Design For Environment, 3R – Reduce, Recycle and Reuse, TQEM – Total Quality 

Environmental Management, OEE – Overall Equipment Effectiveness, LCA – Life Cycle 

Assessment, EEC – Environmental Emission Control, EMS – Environmental Management 

System, GSCM – Green Supply Chain Management, VC – Visual Control, JIT – Just in Time,  

SMED – Single Minute Exchange of Dies, SPC – Statistical Process Control, SW – 

standardised work, CM – Cellular Manufacturing, TPM – Total Preventive Maintenance, VSM 

– Value Stream Mapping, TQM – Total Quality Management, 5S – Housekeeping 

Figure 4.2 outlines the paper distribution and their countries of origin. India contributed 32 

papers, and Brazil contributed 16 papers. Countries such as Slovakia, Slovenia, and South 

Africa contributed 1 paper each. 

 

Figure 4.2: Number of papers in each country 

According to Figure 4.3, 39% of the papers followed the case study method, while 34% were 

based on a literature review, and 27% were conducted through surveys. 
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Figure 4.3: Type of research 

Figure 4.4 presents the size of the organisation in which the research was conducted. Most 

papers (62%) did not state the size of the organisation where their study was done. 18% of the 

papers were conducted in large enterprises, while 15% were conducted in Small and Medium 

Enterprises (SMEs). 

 

Figure 4.4: Size of the industry 

From Figure 4.5, it can be seen that Lean-Green is an emerging area of research as most articles 

are recent. From 2014 to 2021, the number of articles increased, showing growth in interest on 

the Lean-Green research.  
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Figure 4.5: Number of papers and year of publication 

4.2.3.2 Synergies and divergences between Lean and Green Manufacturing 

4.2.3.2.1 General overlap showing the complementary and conflicting issues between LM 

and GM 

The information in Table 2.1 was used to identify the areas for LM and GM that are 

contradictory and complementary and hence develop the general overlap in Figure 4.6, 

extending Dües et al. (2013) work. This overlap is now bigger than the one proposed by Dües 

et al. (2013) since on top of areas found by Dües et al. (2013), the student added some areas 

that were missing pre-2013 which he discovered from post-2013 articles. Nevertheless, this 

general overlap shows a lot of agreement with the one proposed by Dües et al. (2013). LM and 

GM both emphasise identifying waste and finding ways to eliminate it (Hallam and Contreras, 

2016a; Ghobakhloo et al., 2018; Thanki and Thakkar, 2018a), which is the main point of 

similarity (Lerher et al., 2016; Leme et al., 2018). Although LM and GM have different 

definitions of waste, they both consider waste to be non-value-added activities. Although LM 

and GM define value differently, they both seek to add value (Prasetyawan, 2016), mainly from 

operations and environmental perspectives respectively (Leong et al., 2020); hence they both 

improve sustainable performance (Pampanelli et al., 2016). As a result, integrating LM and 

GM does not impede the elimination of Lean or Green waste but rather opens the doors for 

improved waste reduction. LM and GM techniques are motivated by the desire to satisfy the 

customers. Although the Lean customers are concerned more about the cost of products while 

the Green customers worry about environmental impacts, LM and GM are both centred on 

pleasing the customers. Hence, Lean customers will not be concerned about incorporating 

Green practices as long as the adoption of Green does not cause an increase in the cost of 
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products. On the same note, Green customers will not mind paying less as long as the products 

are made in an environmentally friendly manner. Thus, when Lean and Green are combined 

where possible, the customers are more pleased, as some are both environmentally and cost 

conscious.  

In addition to Dües et al. (2013), the general overlap from this study indicated that both LM 

and GM focus on continuous improvement (Wadhwa, 2014; Farias, Santos, Cláudia Fabiana 

Farias, et al., 2019). Hence, they both focus on long-term thinking as they have long-term 

effects; for example, environmental impacts affect the environment for a long period (Duarte 

and Cruz-Machado, 2018). Also, the two methodologies can help organisations enhance their 

sustainable performance. However, LM affects the profit (economic) and people (social) more, 

while GM influences the planet (environmental) more (Pampanelli et al., 2016). In addition, 

the adoption of LM reduces the non-value-adding activities, thus, making organisations 

increase profits, while GM, on the other hand, makes organisations more competitive (Kaswan 

et al., 2020) by meeting the demands of those environmentally conscious customers (Huo et 

al., 2019). In LM, value is created by producing products that attract customers based on their 

price, whereas in GM, value is created by pleasing customers through manufacturing products 

in an environmentally friendly manner. Additionally, Dües et al. (2013) identified the 7 

common Lean wastes; however, most researchers have noted that the Lean waste can be 

extended to 8 wastes. For instance, Tiwari and Tiwari (2016); Verrier et al. (2016); Logesh et 

al. (2017); da Silva et al., (2021) identified loss of creativity as the eighth waste, while Fercoq 

et al. (2016) and Zekhnini et al. (2021) identified environmental waste as the eighth waste. In 

addition, the results from this study showed that the most common Lean practice is VSM, while 

3R is the most common Green practice.  
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Figure 4.6: General overview showing the complementary and contradicting areas between LM 

and GM extended post Dües et al. (2013) 

4.2.3.2.2 Overlap of the relationship between LM and GM towards environmental and 

operational performance 

Environmental and operational performance measures were identified from the literature and 

constituted the performance criteria (Nallusamy et al., 2015; Kuppusamy et al., 2017; Dawood 

and Abdullah, 2018; Farias et al., 2019; Thanki and Thakkar, 2019). Since LM is more 

concerned about improving operational performance while GM is interested in environmental 

performance (Abreu et al., 2017; Inman and Green, 2018), this motivated the student to 

investigate the impact of LM and GM practices on operational and environmental performance. 

The performance measures were linked to Lean and Green practices through a matrix, as shown 

in Table 4.1. Nine performance criteria were identified, namely: profitability, productivity, 

inventory reduction, delivery improvement, quality improvement, cost reduction, waste 

management, environmental impacts, and energy utilisation. These nine performance criteria 

were divided into sub-criteria. However, the profitability criteria and some sub-criteria like 

return on sales, return on assets, return on investments, capacity utilisation, equipment 

reliability and processing time were excluded from the matrix as no author reported on their 
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use towards environmental and operational performance. Furthermore, LM and GM practices 

such as 5 why’s and Andon were excluded from the matrix as no article reported on the 

application of these practices in improving specific environmental or operational sub-criteria. 

The selected Green practices are LCA, DFE, 3R, GSCM, Green Purchasing (GP), EEC and 

ISO 14001, while the Lean practices are TQM, Kaizen, 5S, VSM, JIT, Jidoka, TPM, CM, 

Kanban and SMED.  

Table 4-1: Matrix for the relation between performance criteria and Lean-Green practices 

P
e
rfo

rm
a
n

c
e
 c

rite
ria

 

Sub-criteria Lean-Green practices 

K
a
n

b
a
n

 

S
M

E
D

 

C
M

 

V
S

M
 

5
S

 

T
P

M
 

K
a
iz

e
n

 

T
Q

M
 

JIT
 

Jid
o

k
a
  

IS
O

 1
4

0
0

1
 

3
R

 

D
F

E
 

L
C

A
 

G
S

C
M

 

E
E

C
 

G
P

 

P
ro

d
u

c
tiv

ity
  

Productivity 

improvement 

71 

 23     5   

  

      

   

Lead time 

reduction 

 

 

 

71 

29 

71 55 

15 

69  15 

15 

54 

55  

  

   69 

   

Set up time 

reduction 

 

 

71 

4 

32 

71  69     

  

   69 

   

Cycle time 

reduction 

 

15 15     54  

  

    

   

 Value-added 

time 

 

 

71 23  

59 

69     

  

   69 

   

Customer 

satisfaction 

 

      46 

 

 

46 

 

   46 

   

In
v

e
n

to
ry

 

re
d

u
c
tio

n
 

Inventory 

reduction 

 

 

 

23 

71 23   69      

  

      

   

D
e
liv

e
ry

 

im
p

ro
v

e

m
e
n

t  

Delivery 

performance 

 

 

 

15 15   15 15 15 15  

  

        

   

Q
u

a
lity

 

im
p

ro
v

e
m

e
n

t 

Product 

quality  

 

    

15 

48 

15 

48 15 46 

 

 

 

 

 

46 

 

     46 

   

C
o

st re
d

u
c
tio

n
 

Cost reduction  

71 55 15 15 15 

 

5 

15 

55 

11 46 

46  

45 9  46 

 

 

 

 

 

9 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-42- 

 

W
a
ste

 

m
a
n

a
g

e
m

e
n

t 

Waste 

reduction 

 

71 

 

55  71 

15 

4 

54 

 

53 

55 

11   

  

 

 

54  10    

   

 Material usage  

 

 

 

71 

21 

23 

71 23 

21

23 

54 

21 

23 

4 

21 

23 

54 

 

5 

38 

54 

11 23 

  

 

 

 

54 53 53   

   

 Waste water 

reduction 

 

     

 

11  

  

15 

15 

70 15  

 

 

9 

  

 Solid waste 

reduction 

 

       

  

15 

15 

70 15  

   

E
n

v
iro

n
m

e
n

ta
l im

p
a
cts  

Environmenta

l performance 

 

  

 

69   

 

5 25 

  

 

 

48 

24 

48 

49 

 69 

48 

 

 

 

 

 

 

 

 

 

 

 

48 

 

 

 

 

 

48 

Emission 

reduction 

 

32   

4 

59 

4 

71   

  

15 

15 

70 15  

   

E
n

e
rg

y
 

u
tilisa

tio
n

 

Energy 

consumption 

 

 

 

 

23 

71 

4 

23 

71 

23 

4 

 

23 23 

23 

71 

54  

23 

46 

 

 

 

 

 

46 

 

 

 

 

 

54 

9 

15 

9 

15 

22 15 15 

 

 

 

 

 

46 

  

Note: the numbers in Table 4.1 correspond to the following authors. 

4 - Chiarini (2014) 5 - Pampanelli et al. (2014)  9 - Wiese et al. (2015)  

10 - Fercoq et al. (2016) 11 -Pampanelli et al.( 2016) 15- Thanki et al. (2016)  

21 – Cherrafi et al. (2017c) 22 -Whyle and Bland (2017) 23 - Belhadi et al. (2018)  

24 - Dawood and Abdullah (2018) 25 - Green et al., (2018)  

29 - Ikatrinasari et al. (2018)   32 - Leme et al. (2018) 38 - Cherrafi et al. (2019) 

45 - Dieste and Panizzolo (2019)  46 - Agyabeng-mensah et al. (2020)  

48 - Ahmad et al. (2020) 49 - Belhadi et al. (2020) 53 - Logesh and Balaji (2020) 

54 - Silva et al. (2020) 55 -  Udokporo et al. (2020b)  

57. Vinayagasundaram et al. (2020) 59 - Zhu et al. (2020)  69 - Salvador et al. (2021) 

70 - Suhardini and Hadiwidjojo (2021)  

 

For further clarification, Figure 4.7 shows how the selected Lean and Green practices influence 

the 8 groups of performance criteria. Lean-Green has a greater impact on waste management, 

environmental impacts, productivity, and energy utilisation compared to inventory reduction 

and delivery improvement. Kaizen and 3R were the most common practices on environmental 

and operational performance, while EEC and Green purchasing were the least used practices.  
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Figure 4.7: Relationships between performance criteria and Lean-Green practices. 

In a bid to further examine the complementary and conflicting areas of LM and GM, another 

Lean-Green overlap was developed based on environmental and operational performance. This 

is another important area to consider; however, it was not combined into the overlap in Figure 

4.6 because the diagram would be too big. Therefore, the overlap on environmental and 

operational performance in Figure 4.7, as well as LM and GM techniques in Figure 4.8, were 

highlighted separately. As shown in Figure 4.7, both LM and GM impact operational and 

environmental performance (Hallam and Contreras, 2016a). However, LM practices are much 

more focused on improving operational performance. Operational performance sub-criteria 

such as productivity improvement, inventory reduction, delivery improvement and cycle time 

reduction are affected by Lean practices only. A framework developed by Farias et al. (2019) 

also indicated that GM practices do not affect inventory reduction and productivity. 

The overlap agrees with the study by Dües et al. (2013) that indicated the synergies in lead 

time reduction and waste reduction. In addition, the overlap also shows that LM and GM 

complement each other in setup time reduction, value-added time, customer satisfaction, 

quality improvement, cost reduction, material usage, environmental performance, and energy 
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consumption. Thus, the implementation of GM supports LM by reducing costs through a 

decrease in energy consumption, material usage, and waste. This agrees with Fercoq et al. 

(2016) and Reis et al. (2017), who noted that integrating LM and GM reduces costs. Therefore, 

the simultaneous implementation of LM and GM has a greater impact on organisational 

performance than their individual implementation. Although LM and GM show divergences in 

productivity improvement, inventory reduction, delivery improvement, and cycle time 

reduction sub-criteria, they are still compatible. 

 

Figure 4.8: Overlap between LM and GM for operational and environmental performance 

4.2.3.2.3 Overlap showing the complementary and contradicting techniques between 

Lean and Green 

Figure 4.9 shows an overlap between the Lean and Green practices deployed for improved 

operational and environmental performance. The Lean-Green matrix in Table 4.1 was used to 

determine if the LM and GM practices are complementary or contradicting. This extends the 

work by Dües et al. (2013) that did not include these practices except that the study identified 

the principal practices. The results obtained show that most practices are complementary. This 

agrees with Salvador et al. (2021) who noted that LCA and VSM show common attributes. It 

was noted that VSM could be extended to Green VSM by incorporating the Green aspect into 

traditional VSM (Hartini et al., 2021).  
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Emission reduction seemed to be contradictory to Lean-Green integration. This agrees with 

Campos and Vazquez-brust (2016), Dawood and Abdullah (2017), Baumer-Cardoso et al. 

(2020); Jbira et al. (2020), who noted that JIT delivery and inventory reduction showed 

divergencies with GM due to increasing emissions. JIT entails delivering raw materials when 

needed; hence, organisations will keep less inventory. However, as much as this supports LM, 

increased transportation increases carbon dioxide emissions (Campos and Vazquez-brust, 

2016). 

 

Figure 4.9: Overlap showing the complementary and contradicting techniques between Lean 

and Green 

4.2.3.3 Identified study themes 

The research themes were identified through lower-order and higher-order coding using 

ATLAS.ti version 22. Figure 4.10 shows the 6 thematic areas which were further explained in 

Table 4.2, excluding performance improvement, synergy, and divergence themes that have 

already been explained. 
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Figure 4.10: Other Lean-Green themes 

Table 4-2: Study themes 

Theme  Supporting references 

Integration with other 

techniques  

LM and GM can be integrated with other manufacturing techniques 

to improve the performance of the companies. The review indicated 

that Lean-Green Manufacturing could be integrated with Six Sigma 

to enhance organisational performance (Banawi and Bilec, 2014; 

Garza-reyes et al., 2014; Garza-Reyes, 2015; Rahman and 

Ogunleye, 2019; Gaikwad and Sunnapwar, 2020; Kaswan, et al., 

2020; Sony and Naik, 2020; Strategy et al., 2021). Sustainability 

can be improved by combining the industry 4.0 elements into Lean-

Green practices (Duarte and Cruz-Machado, 2018; Edirisuriya et 

al., 2019; Leong et al., 2020; Kaswan and Rathi, 2020b; Tripathi et 

al., 2021; Zekhnini et al., 2021), for example, logistic 4.0 

(Edirisuriya et al., 2019). Big data analytics can be integrated into 

Lean-Green practices to improve environmental performance 

(Belhadi et al., 2020). Other advanced technologies that support the 

integration of LM and GM supply chain are Internet of Things 

(IoT), Radio Frequency Identification (RFID) and cloud computing 

(Carvalho, Pimentel, et al., 2019). Agile Manufacturing can be 

combined with Lean-Green, to attain sustainability (Garza-Reyes, 

2015; Singh et al., 2019; Udokporoa et al., 2020a; Udokporo et al., 

2020b). In addition, Resilient can be combined with Lean-Green 

for improved organisational performance (Garza-Reyes, 2015; 
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Ruiz-Benitez et al., 2017). Lean-Green can be integrated with 

Agile and Resilient practices to improve supply chain 

performances (Rachid and Ayyad, 2017; Piprani et al., 2021; 

Sharma et al., 2021). The Lean-Green supply chains can also be 

enhanced by adopting additive manufacturing (Torres et al., 2020). 

Implementation 

barriers 

The implementation barriers address factors that prevent the 

successful implementation of Lean-Green, such as lack of top 

management commitment (Mittal et al., 2016; Singh et al., 2019; 

Cherrafi et al., 2021), fear of change, lack of employee training 

(Siegel et al., 2019; Kaswan et al., 2020; Harisekar, 2021), negative 

culture (Pampanelli et al., 2016; Cherrafi et al., 2017b; Kaswan et 

al., 2020; Singh et al., 2020). Harikannan et al. (2018) depicted a 

lack of research and development, poor organisational structure, 

and  lack of design and testing barriers. Other discussed barriers are 

lack of government assistance (Bharadwaj and Sundar 2016; 

Cherrafi et al., 2017b; Leong et al., 2019b; Sindhwani et al., 2019), 

lack of finance (Oliveira, Tan and Guedes, 2018 Rahman and 

Ogunleye 2019; Kaswan et al., 2020), lack of expertise (Pampanelli 

et al., 2016; Cherrafi et al., 2017b), and lack of knowledge (Kaswan 

et al., 2020). The other identified barriers include an unstable 

political environment, lack of customer involvement, lack of 

government supporting policy, technical incompetency, poor 

quality of manufacturing facilities, resistance to technology 

adoption, and supplier reluctance to change (Kumar et al., 2015). 

In addition, some of the barriers are lack of Lean-Green thinking 

(Cherrafi et al., 2017b), lack of Kaizen environment, poor project 

implementation, ineffective implementation method, ineffective 

time and resource mismanagement (Zhu and Zhang, 2020), lack of 

proper data collection and performance measures (Singh et al., 

2019) and lack of awareness (David and Found, 2016; Cherrafi, 

Elfezazi, Garza-Reyes, et al., 2017b; Siegel et al., 2019), fear of 

failure, fund constraints, lack of visual and statistical control, high 

cost (Chiet et al., 2019) and lack of communication (Cherrafi et al., 

2017b; Szymańska-brałkowska and Malinowska, 2018). 

Critical success factors 

(CSFs) 

CSFs are factors that make the integration of LM and GM 

successful; hence, their identification and communication help 

organisations focus on important issues and avoid wasting 

resources on less vital things (Mishra, 2018). They include 

management vision, commitment, involvement (Pampanelli et al., 

2016; Kaswan and Rathi, 2020b; Baskiewicz and Barbu, 2021), 

training and education (Pampanelli et al., 2014; Siegel et al., 2019; 

Gaikwad and Sunnapwar, 2020), successful communication, 

technology innovation, customer satisfaction (Kaswan and Rathi, 
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2020b). In addition, some CSFs are culture change (Pampanelli et 

al., 2014; Pampanelli et al., 2016; Gaikwad and Sunnapwar, 2020), 

governmental support, motivation of employees and rewards, 

financial capabilities (Thanki and Thakkar, 2018b; Baskiewicz and 

Barbu, 2021), project management skills, quality management 

practices, and successful use of statistical practices (Rahman and 

Ogunleye, 2019). Mishra (2018) highlighted the readiness of the 

organisation, resources selection, and priority of the project as other 

CSFs.  

Implementation 

Drivers  

The drivers are those factors that push companies to integrate LM 

and GM. They include cost reduction and profitability, the 

satisfaction of employees, shareholders' complaints, improvement 

of processes, corporate image improvement, regulations, consumer 

requirements, government policies (Cherrafi et al., 2017a),  

competitiveness (Jaiswal and Kumar, 2018), public pressure, and 

cost reduction (Gandhi et al., 2018). 

 

The qualitative method has enabled the student to determine the synergies and divergencies 

between LM and GM. In addition, research themes were determined using ATLAS.ti coding. 

The following sections are now based on the quantitative method using SEM. 
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4.3 Results from the quantitative method 

This section starts by highlighting the profile of the respondents followed by outlining the 

different models that were constructed using SEM in SMART PLS. 

4.3.1 Profile of the participants  

Tables 4.3 to 4.6 show the profile of the respondents that participated in the survey. The 

distribution of the companies is indicated in Table 4.3. The highest responses per sector were 

89 from the food and beverage sector, followed by 33 from plastic and rubber. 

Table 4-3: Type of industry 

Type of industry Number of respondents % 

Food and beverage 89 29.5 

Chemicals and petrochemicals 24 7.9 

Plastic and rubber 33 10.9 

Pharmaceutical 6 2.0 

Agrochemical 17 5.6 

Wood and furniture 19 6.3 

Electronics and electrical 27 8.9 

Fertilizer 7 2.3 

Textiles 15 5.0 

Leather 6 2.0 

Paper 10 3.3 

Ceramic 5 1.7 

Steel 13 4.3 

Tiles and bricks 11 3.6 

Automotive 5 1.7 

Battery 7 2.3 

Foundry 8 2.6 

 

According to Table 4.4, 39 respondents indicated that their companies have less than 41 

employees, while 37 respondents highlighted that their companies had 41-75 employees. 

According to Matipira and Magaisa (2019) companies with less than 41 employees are 

classified as small enterprises, while those with employees ranging from 41– 75 are classified 

as medium sized enterprises. Thus, the total number of SMEs who participated in this study is 

76. Therefore, 226 companies are classified as large enterprises. This suggests that large 

companies are implementing improvement methodologies such as Lean-Green more, 

compared to SMEs. This may be due to the fact that large enterprises have more resources that 

are required for a successful implementation process. 
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Table 4-4: Number of employees 

Number of employees Frequency % 

under 41 39 12.9 

41-75 37 12.3 

76-150 56 18.5 

151-250 41 13.6 

251-350 56 18.5 

over 350 73 24.2 

 

Table 4.5 shows that most respondents (58.9%) were middle managers, such as operations 

managers, Safety, Health, and Environment (SHE) managers, and quality managers. Top 

management, such as the Chief Executive Officer (CEOs) and managing directors, contributed 

34.1%; while lower managers, such as production and quality supervisors, contributed 7%.  

Table 4-5: Position of the respondents 

Position of the respondent Frequency % 

Top manager 103 34.1 

Middle manager 178 58.9 

Lower manager 21 7.0 

 

The majority of the participants indicated that they have more than 5 years of experience in 

their current positions. This experience is good enough to respond to the items on the 

questionnaire (Huo et al., 2019). Table 4.6 shows the respondents’ years of experience in their 

current positions. 

Table 4-6: Years in position 

Years in position Frequency % 

5 and below 22 7.3 

6 - 10 55 18.2 

11 -15 205 67.9 

16-20 10 3.3 

21 - 25 5 1.7 

above 25 2 0.7 

Missing 3 1.0 
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4.3.2 Evaluation of the impact of Lean-Green practices on environmental and operational 

performance 

4.3.2.1 Introduction 

This section explores how LM and GM complement one another in terms of operational and 

environmental performance. It investigates if implementing LM and GM together improves 

organisational performance over implementing them separately. It also assesses whether being 

environmentally conscious improves business performance. A survey of Zimbabwe's 

manufacturing industry was done. 302 valid responses were gathered from the 782 

questionnaires issued. The data was analysed using PLS-SEM. The results showed that both 

LM and GM have an impact on environmental and operational performance. However, GM 

indirectly affects operational performance through environmental performance. Furthermore, 

the impact of combining LM and GM was larger than when they were used alone. As a result, 

organisations that have successfully implemented LM will find it easier to deploy GM due to 

their complementary nature. Most types of waste are reduced when LM and GM are combined, 

resulting in enhanced environmental performance, improved community relations, and 

increased customer satisfaction. 

 

4.3.2.2 Brief background 

Various authors have reported on the impact of either LM or GM on organisational 

performance (Kumar, 2017; Rehman et al., 2016; Negrão et al., 2017; Singh, 2021). However, 

this research investigates the impact of combined Lean-Green on operational and 

environmental performances. In addition, it investigates whether the joint impact of Lean-

Green is greater than when LM and GM are implemented separately.  

4.3.2.3 Hypotheses formulation and development of the research model 

A second-order structural model was developed to examine the impact of LM and GM on 

organisational performance. This model, as shown in Figure 4.11, consisted of one endogenous 

variable: the operational performance, and three exogenous variables, namely, GM, LM and 

environmental performance. LM and GM are the second order latent variables where 3R, LCA 

and Green purchasing are first-order latent variables for GM, while JIT, TQM, TPM and 

employee involvement are the first-order latent variables for LM. In research to examine the 

impact LM on organisational performance, Hernandez-Matias et al. (2019) applied employee 

involvement and realised improvements. Accordingly, Arumugam et al. (2020) adopted JIT, 

TQM and TPM and concluded that LM positively impacts organisational performance. 

Additionally, Khan et al. (2019) applied green purchasing and Dawood and Abdullah (2017) 

used 3R and realised an improvement in organisational performance. Moreover, Dües et al. 

(2013) mentioned that LCA is the principal GM tool. As a result, this motivated the student to 

adopt these LM and GM practices, but this time, examining the complementary impact of LM 

and GM implementation. 

LM and GM have a synergy since they both aim to eliminate wastes (Farias et al., 2019). 

Elimination of Lean wastes like defects, over-processing, and overproduction supports the GM 

philosophy due to the efficient use of resources such as water, energy, and raw materials. It 

was further highlighted that LM outlines a way for the utilisation of resources and reduction in 
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waste associated with the manufacturing processes (Pampanelli et al., 2014). Lean practices 

are therefore treated as Green because their objectives align with saving resources (Fercoq et 

al., 2016). Balaji and Logesh (2020) concluded that GM is attained by reducing Lean wastes 

during manufacturing. Kuo and Lin's (2020) study demonstrated that LM positively influences 

green operations. LM supports Green by eliminating wastes, including Green wastes (Baumer-

Cardoso et al., 2020). It can, therefore, be hypothesised that: 

H1: LM is positively related to GM. 

LM has been traditionally employed to minimise the seven wastes; however, Fercoq et al. 

(2016) acknowledged that Lean practices might also reduce the environmental waste. Several 

articles have indicated that LM has a positive impact on environmental performance (Dong et 

al., 2019). For example, Kamble et al. (2020) concluded that LM had a significant effect on 

environmental performance. The research of Jabbour et al. (2013) in the automotive industry 

concluded that a strong relationship exists between LM and environmental performance. The 

Lean practices employed were TPM and JIT. The objective of JIT is to ensure that the right 

quantity of resources is provided at the right time, thus preventing unnecessary inventory 

(Arumugam et al., 2020). Balaji and Logesh (2020) added that the goal of LM is to eliminate 

defects and manage inventory (Logesh and Balaji, 2020). TPM aims to increase equipment 

efficiency and reduce waste through maintenance such as lubrication, cleaning, and calibration 

(Jabbour et al., 2013). Thus, those organisations that adopt LM achieve high levels of pollution 

prevention due to inventory reduction, amongst other things. Therefore, it is hypothesised that: 

H2: LM is positively associated with environmental performance. 

Manufacturing companies are implementing Lean practices such as TQM, JIT and TPM to 

improve quality and productivity by eliminating waste. In Zimbabwe, Maware and Adetunji's 

(2019a) study on manufacturing companies highlighted that LM positively impacts operational 

performance. The authors added that the integration of people in LM allows for the 

involvement, motivation, and training of workers, hence, creating room for improvement. 

Pampanelli et al. (2014) outlined that the main goal of LM is to improve delivery, quality, and 

reduce cost. Farias et al. (2019) emphasised that implementing LM made the organisations 

improve their operational performance. In addition, the authors stated that successful LM 

implementation leads to improved utilisation of resources. Baumer-cardoso et al. (2020) 

applied LM in a Brazilian job shop and realised a reduction in setup time and energy 

consumption leading to a significant decrease in costs. Hence, it can be hypothesised that:  

H3: LM has a positive influence on operational performance. 

The GM philosophy has been well recognised for reducing negative ecological issues (Garza-

Reyes, 2015). It aims to reduce waste, improve, control and monitor pollution levels, minimise 

the impact of manufacturing processes on the environment, and provide for efficient use of 

resources (Farias et al., 2019). Its purpose is also to reduce the negative impacts of production 

on the environment (Ramos et al., 2018). It examines environmental wastes related to 

unnecessary use of energy or water, eutrophication and the greenhouse effect (Baumer-Cardoso 

et al., 2020). GM advocates for the elimination of solid wastes, hazardous wastes, air 

emissions, wastewater discharge, and other forms of pollution (Abualfaraa et al., 2020). It 
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supports the use of processes and manufacturing products that do not harm the environment 

(Mudgal et al., 2009). Chiou et al. (2011) stated that greening the processes positively impacts 

environmental performance. GM was found to have a strong relationship with environmental 

performance (Belhadi et al., 2019). It can, therefore, be postulated that: 

H4: GM is positively related to environmental performance. 

GM's objective is to reduce waste and pollution levels and provide efficient resource usage 

(Qureshi et al., 2015). If water, energy, raw materials and other resources can be used 

efficiently, the cost can be reduced, leading to improved operational performance. The research 

in the Chinese fashion industry concluded that GM implementation positively affects the 

performance of organisations (Li et al., 2019). The study by Rehman et al. (2013) in the Indian 

steel industry concluded that implementing GM improves operational performance. 

Furthermore, green practices were found to impact Pakistani manufacturing organisational 

performance (Khan et al., 2019). Thus, it can be hypothesised that: 

H5: GM has a positive relation to operational performance. 

The study by Jabbour et al. (2013) in the Brazilian industry outlined that environmental 

performance positively influences operational performance. The operational performance 

measures used are cost, quality, flexibility, and delivery. It was further explained that adopting 

environmental management techniques improves operational performance. The study done on 

Chinese manufacturing companies concluded that implementing environmental policies 

positively impacts company performance (Zhang and Du, 2020). It was also noted that 

environmental collaboration plays a significant part on organisational perfomance (Ai et al., 

2015). According to research on Thailand’s food industry, environmental performance 

improves operational performance in this industry (Pipatprapa et al. 2016). Thus, it can be 

hypothesised that: 

H6: Environmental performance is positively related to operational performance. 

Over the past years, LM and GM have been implemented separately to improve organisational 

performance. Nevertheless, researchers have noted that when LM and GM are combined, they 

yield better results than when implemented alone (Fercoq et al., 2016; Cherrafi et al., 2018; 

Ramos et al., 2018; Baumer-Cardoso et al., 2020). Green et al. (2018) combined JIT, TQM, 

and GSCM and figured out that when practices are combined, they have a larger impact than 

when implemented individually. Hence, it can be postulated that: 

H7: Integrated LM and GM have a greater impact on environmental performance than 

individually. 

H8: Integrated LM and GM have a greater impact on operational performance than 

individually. 

All these hypotheses taken together allowed for the development of a structural model for 

evaluating the integrated impact of Lean-Green manufacturing on environmental and 

operational performance. The model is illustrated in Figure 4.11. 
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Figure 4.11: Lean-Green structural model 

4.3.2.4 Assessment of the measurement scale 

Bartlett’s test of sphericity had a p-value less than 0.001 showing that it is significant. The 

sample size of 302 was adequate, as indicated by the Kaiser–Meyer–Olkin (KMO) value of 

0.903. Jabbour et al. 2013 noted that a KMO value closer to 1 indicates adequate sample. The 

total variance explained obtained for the latent variables was 63.4%. The measurement scale’s 

reliability was assessed using Cronbach’s alpha and composite reliability (Green et al., 2018). 

The Cronbach’s alpha values were all > 0.7, hence they are acceptable (Nunnally, 1978; Zhu 

and Sarkis, 2004; Firmansyah and Maemunah, 2021). The composite reliability values should 

be > 0.7, reflecting high internal consistency. The composite reliability values were all > 0.7. 

The Average Variance Extracted (AVE) is used to assess the convergent validity where values 

> 0.5 indicates a strong convergent validity (Hair et al., 2017). The AVE values obtained in 

this research ranged from 0.6-0.8. Firmansyah and Maemunah (2021) noted that outer loadings 

could be used to assess convergent validity, where variables with values > 0.5 are considered 

valid. As seen from the model in Figure 4.12, all the outer loadings were > 0.5. All the 

constructs exhibited discriminant validity as the Heterotrait-Monotrait (HTMT) ratio values 
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did not include 1. Therefore, the scale denotes enough reliability and validity; thus, the 

variables can be used for further research on hypotheses evaluation.  

Table 4-7: Measurement reliability and validity 

  

Cronbach's 

Alpha 

Composite 

Reliability AVE 

HTMT values 

3R 0.847 0.897 0.686 Does not include 1 

Employee Involvement 0.751 0.834 0.502 Does not include 1 

Environmental performance 0.886 0.913 0.636 Does not include 1 

GM 0.926 0.936 0.501 Does not include 1 

Green Purchasing 0.903 0.922 0.598 Does not include 1 

JIT 0.83 0.876 0.543 Does not include 1 

LM 0.928 0.935 0.509 Does not include 1 

LCA 0.848 0.892 0.623 Does not include 1 

Operational performance 0.856 0.893 0.582 Does not include 1 

TPM 0.837 0.875 0.568 Does not include 1 

TQM 0.86 0.891 0.507 Does not include 1 

 

4.3.2.5 Structural model assessment 

The VIF values indicate that there was no collinearity problem as they were all below 5 and 

above 0.2 (Hair et al., 2017). The coefficient of determination (R2) indicates the predictive 

power of the model. According to Hair et al. (2017), the R2 values depend on how complex the 

model is; therefore, R2 value of 0.20 can be considered high. Cohen (1988); Famiyeh et al. 

(2018) also mentioned that R2 values greater than 0.26 are substantial, 0.13 are moderate, and 

0.02 are weak. The R2 values of 35.6%, 36.5%, and 51.0% were obtained for GM, 

environmental performance, and operational performance, respectively. The R2 for TQM was 

73.5%, JIT was 73.1%, TPM was 74.2%, employee involvement was 57.2%, LCA was 79.7%, 

3R was 48.5 and green purchasing was 86.1%. The results show that the model had high 

predictive power and that LM and GM constructs are good environmental and operational 

performance predictors.  

The effect size, f2, is used to determine the impact of an omitted exogenous variable on the 

endogenous variable. The f2 values of 0.35, 0.15, and 0.02 demonstrate large, medium, and 

small effects, respectively (Hair et al., 2017). Table 4.8 highlights that most of the relationships 

have a large effect. The relationship between GM and operational performance was denoted by 

a small effect while LM to environmental performance relationship has a medium effect. The 

Stone-Geisser’s Q2 value indicates the predictive relevance of the model (Maware and 

Adetunji, 2019b; Firmansyah and Maemunah, 2021). Q2 values greater than 0 shows the path 

model’s predictive relevance (Hair et al., 2017). All the Q2 values obtained were larger than 0, 

showing good predictive power. 
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Table 4-8: The f2 values 

  3R EI EVP GM GP JIT LCA  OP TPM TQM 

EVP               0.396     

GM 0.943   0.352   6.207   3.918 0.024     

LM   1.336 0.152 0.553   2.718   0.354 2.883 2.767 

EI – Employee Involvement, EVP – Environmental Performance, GP – Green Purchasing, OP 

– Operational Performance 

Table 4-9: The Stone-Geisser’s Q2 values 

Endogenous 

variable 

TPM JIT TQM EI LCA 3R GP GM EVP OP 

Q2 0.340 0.390 0.364 0.282 0.490 0.320 0.509 0.161 0.224 0.288 

 

 

Figure 4.12: Results for the structural model 

The significance of the paths was determined through the bootstrapping method using 5000 

subsamples (Godinho Filho et al., 2016; Ghobakhloo et al., 2018). Most of the proposed 

relationships are statistically valid as they had t values above 1.96 and p values lower than 0.05 

at 5% significant level (Hair et al., 2017). Thus, the t and p values failed to reject the hypotheses 

except for hypothesis H5. The H5 failed to satisfy the t and p values; hence it was rejected. 
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Table 4-10: t statistics and p values and decision on the hypotheses 

 

t 

statistics  

p 

values 

Decision 

Environmental performance        Operational performance 8.924 0.000 supported 

GM                Environmental performance 6.777 0.000 supported 

GM               Operational performance 0.973 0.331 Not supported* 

LM                 Environmental performance 2.042 0.042 supported 

LM                GM 11.955 0.000 supported 

LM                Operational performance 5.377 0.000 supported 

*The direct relation between GM and operational performance is not supported, the impact is 

indirect through environmental performance 

To determine if the combined effect is stronger than singular impacts, the student adopted the 

stepwise regression method, with LM first and GM second, and noting the increments in R2 

(Green et al., 2018). Since GM is a new methodology compared to LM, we assumed that 

organisations that are likely to implement GM, have already adopted LM. In addition, since 

LM aims at reducing the seven wastes thereby having a positive impact on operational 

performance, while GM focuses on reducing environmental waste, organisations are likely to 

adopt LM before GM as most organisations are likely more interested in improving their 

operational performance ahead of environmental compliance. Accordingly, LM and GM 

practices were stepwise regressed against environmental and operational performance. When 

LM was used as the first antecedent to environmental performance, the R2 found was 0.205. 

When GM was added as the second antecedent, the R2 increased by 0.16 to 0.365. Next, LM 

was also used as the first antecedent to operational performance, and the R2 value of 0.29 was 

obtained. Again, GM was added as the second antecedent to operational performance and a 

0.056 increase was noticed, yielding the R2 of 0.346. Finally, when environmental performance 

was added as the third antecedent to operational performance, the R2 increased to 0.510. The 

calculated t-values were greater than 1.96, indicating that these increments are significant at 

0.05 level. Thus, the complementary between LM and GM results in a better environmental 

and operational performance compared to individual practices. Therefore, hypotheses H7 and 

H8 are supported. This agrees with Leong et al. (2019); (2020), who stated that integrating LM 

and GM practices yields improved environmental and operational performance. 
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4.3.3 Evaluating the mediatory role of the environmental performance function within 

the Lean-Green manufacturing sustainability complex 

4.3.3.1 Introduction 

Several studies have shown that implementing LM and GM on an individual basis has a 

positive impact on organisational performance. This knowledge is expanded by determining 

whether combining LM and GM influences organizational performance more than 

implementing them independently. It also examines whether being environmentally conscious 

has an impact on an organisation's social and economic performance. This study aims to 

investigate if improving environmental performance can help businesses enhance their 

economic and social performance. As a result, demonstrating that environmental compliance 

is not only a legal duty, but also a means of increasing social and economic performance. 782 

questionnaires were issued to potential participants in the Zimbabwean Manufacturing 

industry. A total of 302 valid responses were received resulting in a response rate of 38.6%. 

The data was analysed using SEM in SMART PLS 3. The findings revealed that combining 

GM with LM improves economic, social, and environmental performance more than doing so 

independently. Furthermore, improved environmental performance resulted in improved social 

and economic performance. As a result, Lean-Green improves social performance by 

increasing worker health and safety labour and community relations. 

 

4.3.3.2 Background 

This research aims to investigate the mediatory role of environmental performance of 

organisations on their economic and social performances. It demonstrates that environmental 

compliance should not only be viewed as a requirement for compliance, but as a way of 

improving social and economic performances. The consideration, however, is if the 

environmental factor could have a more significant role, not just to the environment, but also 

in procuring economic and social capital for the organisations. This may translate to improved 

sustainable performance in the long run, and hence, the research question that;  

RQ1: Does the improvement in environmental performance increase the economic and social 

performance of organisations? 

It is crucial to demonstrate the role that environmental performance plays in improving 

economic and social performance to encourage organisations to improve environmental 

performance. Therefore, this research shows how environmental performance improvement 

can help organisations attain better sustainable performance. This can make manufacturing 

organisations to realise the importance of being environmentally compliant and motivate them 

to focus on environmental performance as equally as economic performance. 

Sustainability covers organisations' role in satisfying human needs while preserving nature 

(Hasan and Ali, 2015). In this regard, organisations are adopting improvement techniques such 

as LM and GM. LM and GM have been implemented separately to improve organisational 

performance. Thus, the integration of these two methodologies can address issues around the 

social, economic, and environmental sustainability (Bhattacharya et al., 2019). 
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Manufacturing industries have been adopting LM to improve resource utilisation and reduce 

waste (Farias et al., 2019). LM was initially developed in the quest to enhance the Japanese 

automotive company (Bento and Tontini, 2018). LM’s goal is to reduce manufacturing waste 

and add value (Möldner et al., 2020). The non-value-adding activities are regarded as waste 

and need to be reduced. The value-added activities are what the customers are interested in and 

willing to pay for. A Lean organisation effectively and efficiently creates value to satisfy all its 

stakeholders (Fercoq et al., 2016). Thus, LM encourages organisations to be customer-focused 

through quality improvements, cost reduction, lead time reduction, and flexibility improvement 

(Fercoq et al., 2016; Bhattacharya et al., 2019; Ghobadian et al., 2020). 

Organisations must adopt techniques to reduce the usage of natural resources, minimise 

environmental waste, and reduce the negative environmental effects of their operations (Farias, 

et al., 2019). The concern about the environment has increasingly become important in 

economies and societies (Fercoq et al., 2016). Over the last few years, the world has 

experienced rapid industrialisation, which has improved people's quality of life while 

negatively affecting the environment (Ramos et al., 2018). This has led to the emergence of 

the GM philosophy. GM is a method that seeks to minimise the negative effects caused by the 

products and services of manufacturing organisations while meeting the financial objective 

(Fercoq et al., 2016). It reduces the waste generated by the manufacturing processes by 

applying techniques such as GP, LCA, and 3R.  

A combined Lean-Green manufacturing allows organisations to develop better ways of 

operation. Therefore, organisations can adopt Lean-Green to evaluate and improve their 3BL 

performances (Leme et al., 2018). Several researches that have been conducted evaluated the 

impacts of implementing LM or GM individually. Currently, researchers are beginning to 

investigate the relationship between LM and GM and how they jointly affect sustainability. 

Various authors have reported on the impact of Lean-Green on the 3BL, for instance, Hussain 

et al. (2019) in the United Arab Emirates (UAE) hotels, Huo et al. (2019) in China's 

manufacturing industries, and Thekkoote and Thekkoote (2022) in South Africa’s SMEs. 

Others include Aminuddin et al. (2014), Tilina et al. (2014), Cai et al. (2019), Kovilage (2020). 

However, these researchers did not compare the impacts of combined Lean-Green 

implementation to those of their individual implementations. Thus, the current research 

investigates the combined impact of Lean-Green by answering the following research question. 

RQ2: Does the joint implementation of LM and GM lead to better sustainable performance 

than when LM and GM are implemented individually? 

This thesis aims to develop a Lean-Green assessment model that can be used to evaluate the 

impact of Lean-Green practices on sustainability using data collected in the Zimbabwe 

manufacturing industry. Zimbabwe is a developing country that is currently facing many 

economic challenges, including a high rate of inflation, which impedes the implementation 

process. In addition, like any other country, Zimbabwe is grappling with the effects of post 

Covid-19 pandemic. Since the beginning of Covid-19, the GDP of Zimbabwe has decreased 

by 8% (World Bank, 2021). Furthermore, there is no standard measurement model that the 

manufacturing companies can use to assess the impact of integrating LM and GM, and 

examining the role of environmental performance on economic and social performances. To 
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the students’ best knowledge, this is the first research that compares whether integrating LM 

and GM yields better results than when LM and GM are implemented individually, and also 

demonstrates the role of environmental performance in attaining enhanced economic and social 

performances. 

4.3.3.3 Hypotheses development 

To determine the impact of LM and GM on the three dimensions of sustainability, a second-

order structural model was developed with LM and GM being the second-order latent variables. 

The first-order latent variables for LM are JIT, TQM, TPM and HRM, while the first -order 

latent variables for GM are LCA, 3R and GP. Previous research grouped the LM practices into 

four bundles, namely, JIT, TPM, HRM and TQM (Shah and Ward, 2003; Taj and Morosan, 

2011; Bortolotti et al., 2015; Arumugam et al., 2020) hence, these practices were adopted for 

this study. On GM practices, Khan et al. (2019) used green purchasing, and Dawood and 

Abdullah (2017) used 3R to improve organisational performance. Also, LCA is the principal 

GM practice (Dües et al., 2013). As a result, the student decided to adopt these GM practices.  

Various studies have indicated that LM and GM are complementary in waste reduction (Dües 

et al., 2013; Farias et al., 2019). Also, Fercoq et al. (2016) stated that Lean practices are 

regarded as Green as they share the same objective of saving resources. Consequently, the 

research by Inman and Green (2018) on US manufacturing companies found that LM positively 

influences GSCM. Additionally, Green et al. (2018) applied JIT and TQM, and discovered that 

they have positive impacts on GSCM. Hence, it can be hypothesised that:  

H1: LM has a positive influence on GM 

LM’s goal of eliminating wastes such as defects minimise environmental damage. LM is a 

method used to conserve resources, save energy and reduce pollution (Chugani et al., 2017). 

Consequently, JIT plays an essential role in minimising pollution, waste and air emissions 

(Sajan et al., 2017). A study in the US manufacturing industry concluded that LM has a positive 

relationship with environmental performance (Inman and Green, 2018). In addition, Green et 

al. (2018) applied JIT and TQM and realised improvements in environmental sustainability. 

Sajan et al (2017) applied LM in Indian SMEs and realised a great improvement in 

environmental sustainability. Thus, it can be hypothesised that, 

H2: LM has a positive influence on environmental performance. 

LM has an impact on economic performance which is attained through the improvement of 

operational performance measures such as cost minimisation, quality, productivity, flexibility 

improvement and inventory reduction (Nawanir et al., 2020). In support, Pampanelli et al. 

(2014) pointed out that the main aim of LM is to improve the delivery, quality and reduce cost. 

Hartini and Ciptomulyono (2015) highlighted that LM is key on attaining improvement in 

sustainability performance, especially on economic performance. The research done by Sajan 

et al. (2017) concluded that LM positively impacts economic performance. Also, Baumer-

cardoso et al. (2020) applied LM and reduced setup time and energy consumption leading to a 

significant decrease in costs. Hence, it can be hypothesised that,  

H3: LM has a positive influence on economic performance. 
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GM philosophy aims to reduce the environmental damage by manufacturing companies 

through reduction in gas emissions, solid waste generation, use of hazardous material and 

generation of waste water (Green et al., 2012). Mafini and Muposhi (2017) found that GM 

positively influences environmental performance. In addition, the results by Firmansyah and 

Maemunah (2021) supported the fact that GM improves the environmental performance of 

organisations. Rehman et al. (2013) developed and validated a GM framework that can be used 

to attain sustainability improvements through the implementation of GM practices. The 

application of GM practices in Ghana was found to positively influence environmental 

performance (Famiyeh et al., 2018).  Consequently, it was hypothesised that: 

H4: GM has a positive influence on environmental performance. 

Due to the increase in awareness on the safety and health of workers and community, the social 

performance dimension is increasingly being given attention (Afum et al., 2020a). The 

adoption of GM reduces environmental pollution such as waste water, greenhouse gas 

emissions and solid waste, thus increasing the health and safety of workers and communities. 

GM does not focus on improving environmental performance only, but also thrive to meet the 

expectations of the society (Sezen and Çankaya, 2013; Çankaya and Sezen 2019). The research 

conducted by Afum et al. (2020b) in Ghana manufacturing industry concluded that GM led to 

improved social performance. Another research by Afum et al. (2020a) pointed out that 

organisations can improve their social performance through the adoption of GM practices. 

Thus, we can hypothesise that, 

H5: GM has a positive influence on social performance. 

The investment in environmental sustainability issues such as reduction in energy, waste, 

material consumption and effluent is related to financial improvements (Sajan et al., 2017). 

Sustainable environmental performance is associated with improvements in customer 

satisfaction, quality, profit, efficiency and responsiveness (Garza-Reyes, 2015). An 

improvement in environmental performance by organisations improves the company’s image 

and customer satisfaction, thus impacting market performance (King and Lenox, 2001). In 

addition, reduction of waste, emissions, energy and material consumption, improves the health, 

comfort and relations with communities and workers (Sajan et al., 2017). Consequently, 

improvement in workplace safety, employee health and working conditions increases the 

motivation and work rate of workers and subsequently, worker’s productivity. Additionally, 

improving working conditions and workplace safety reduces the frequency of accidents, thus, 

reducing the fines for environmental accidents. Moreover, improved labour relations, 

community relations, health and safety compliance reduce complaints from workers and 

communities, which translates to less environmental fines. Therefore, it can be postulated that, 

H6: Environmental performance is positively associated with economic performance. 

H7: Environmental performance is positively associated with social performance. 

H8: Social performance has a positive influence on economic performance. 

LM and GM have been adopted separately to improve the performance of manufacturing 

companies. Researchers have recently started investigating the impacts of combining LM and 
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GM. When LM and GM are combined, they yield better results than when adopted individually 

(Fercoq et al., 2016; Cherrafi et al., 2018; Ramos et al., 2018; Baumer-Cardoso et al., 2020). 

Green et al. (2018) combined JIT, TQM, and GSCM and highlighted that when LM and GM 

practices are integrated, the impact is larger than when implemented separately. Hence, it can 

be postulated that: 

H9: Integrated LM and GM have a greater impact on economic, social and environmental 

performance than when they are implemented individually. 

The structural model developed is, therefore, shown in Figure 4.13. 

 

Figure 4.13: Conceptual model 

4.3.3.4 Assessment of the measurement model 

SEM was conducted using SMART PLS 3. Before the structural relationships could be 

evaluated, it was imperative to assess the reliability and validity of the data. Thus, the reliability 

and internal consistency were analysed using composite reliability and Cronbach’s alpha, 

where values above 0.7 indicate high internal consistency and reliability (Nunnally, 1978). All 

the values for composite reliability and Cronbach’s alpha were > 0.7, hence, they were 

acceptable. Moreover, the AVE was used to assess the convergence validity. According to 
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Fornell and Larcker (1981), the AVE values should be > 0.5. Accordingly, the values obtained 

were all > 0.5; therefore, they are considered acceptable. The reliability and validity results are 

indicated in Table 4.11 

Table 4-11: R2, AVE, Cronbach's alpha and composite reliability values 

 Cronbach's Alpha Composite Reliability AVE R2 

3R 0.873 0.902 0.569 0.636 

Economic performance 0.914 0.932 0.663 0.603 

HRM 0.727 0.830 0.550 0.294 

Environmental performance 0.889 0.916 0.645 0.371 

Green Manufacturing 0.925 0.934 0.508 0.366 

Green purchasing 0.912 0.930 0.626 0.809 

JIT 0.851 0.890 0.575 0.812 

LCA 0.786 0.853 0.540 0.639 

Lean Manufacturing 0.912 0.924 0.518  

Social performance 0.910 0.929 0.652 0.465 

TPM 0.769 0.837 0.563 0.563 

TQM 0.849 0.889 0.573 0.773 

 

The discriminant validity of a construct indicates how it is truly distinct from the other 

constructs (Hair et al., 2017; Famiyeh et al., 2018). This study assessed discriminant validity 

using the Fornell-Larcker criterion, which compares the AVE square roots to the latent 

variables’ correlations (Fornell and Larcker, 1981). The result, as shown in Table 4 .12, 

indicates that discriminant validity was established as the AVE square roots were greater than 

their correlations with other latent variables (Famiyeh et al., 2018). 

 

Table 4-12: Fornell-Larcker criterion-discriminant validity 

 3R EP EVP GM GP HRM JIT LCA LM SP TPM TQM 

3R 0.754            

EP 0.590 0.814           

EVP 0.638 0.675 0.803   0       

GM 0.708 0.486 0.595 0.713         

GP 0.515 0.262 0.402 0.699 0.791        

HRM 0.187 0.266  0.163  0.329  0.271 0.742       

JIT 0.393 0.496 0.415 0.548 0.454 0.512 0.758      

LCA 0.446 0.374 0.434 0.599 0.692 0.411 0.560 0.735     

LM 0.416 0.478 0.466 0.605 0.527 0.543 0.601 0.594 0.720    

SP 0.625 0.697 0.630 0.585 0.429 0.120 0.328 0.425 0.346 0.807   

TPM 0.299 0.217 0.329 0.462 0.438 0.538 0.64 0.401 0.641 0.197 0.750  

TQM 0.364 0.447 0.435 0.560 0.502 0.382 0.55 0.560 0.679 0.340 0.598 0.757 

EP-Economic Performance, EVP – Environmental Performance, SP – Social Performance 
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4.3.3.5 Assessment of the structural model 

VIF was used to determine collinearity among the factors. According to Hair et al. (2017), VIF 

values between 0.2 and 5 suggest there is no collinearity problem. Consequently, the VIF 

values ranged from 1.308 to 3.219, which were considered satisfactory. The coefficient for 

determination (R2) highlights the portion of the variance of the endogenous variables explained 

by the model (Famiyeh et al., 2018). An R2 value of 26% is regarded as a large effect, 13% as 

a medium effect, and 2% as a small effect (Cohen, 1988). Figure 4.14 and Table 4.13 show that 

the model R2 values indicated large effects in all its variables.  

 

 

Figure 4.14: Structural model 

The effect size (f2) and Stone-Geisser (Q2) values were used to evaluate the model (Famiyeh et 

al., 2018). The f2 effect represents the change in R2 due to the omission of a specific exogenous 

variable (Cohen, 1988). f2 value of 0.02 represents a small effect, 0.15 a medium effect, and 

0.35 large effect (Cohen, 1988; Famiyeh et al., 2018). The relationship between LM and GM, 

between social performance and economic performance, between environmental performance 

and social performance, and between GM and environmental performance all indicated large 
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effects. Moreover, the relationship between LM and environmental performance, between LM 

and economic performance, between GM and social performance and between environmental 

performance and economic performance showed medium effects. 

 

Q2 was used to determine the model's relevant predictive power and to further examine the 

model accuracy (Geisser, 1974; Stone, 1974; Famiyeh et al., 2018). The Q2 values were 

determined through the blindfolding procedure in SMART PLS 3 using the omission distance 

(D) of 7. Q2 values above zero for a specific reflective endogenous construct indicate a good 

predictive relevance (Maware and Adetunji, 2019b). The obtained Q2 values were all > 0, hence 

the model had a good predictive relevance. Table 4.9 shows the f2 and Q2 values obtained in 

this research. 

Table 4-13: Q2 and f2 values 

 f2 Q2 

 EP EVP GM SP  

Social performance 0.385    0.293 

Lean Manufacturing 0.164 0.152 0.578  
 

Green Manufacturing  0.356   0.229 0.139 

Environmental performance 0.236   0.350 0.216 

 

Figure 4.14 also shows the path coefficients of the model. Accordingly, environmental 

performance had a stronger direct relationship with GM than with LM as indicated by their 

path weights of 0.494 and 0.167 respectively. Also, environmental performance had a stronger 

direct relationship with social performance than with economic performance. Their path 

weights are 0.436 and 0.318, respectively. Indeed, LM also had a larger path weight with GM 

than environmental performance and economic performance, with path coefficients of 0.605, 

0.167 and 0.180, respectively, also showing a strong relationship. Furthermore, the relationship 

between social performance and economic performance had a strong effect , as indicated by the 

path coefficient of 0.434. On the other hand, GM showed a stronger relationship with 

environmental performance than social performance, as indicated by the path weights of 0.494 

and 0.326 respectively. The bootstrapping procedure was performed to determine the 

significance of the path coefficients using SMART PLS 3, adopting re-sample of 5000 runs 

(Hair et al., 2017). A t-statistics value above 1.96 or a p-value less than 0.05 is considered 

significant. Table 4.14 shows that all the t-statistics and p-values were satisfactory; hence, the 

hypotheses were accepted. Therefore, both LM and GM have positive relationships with 

environmental performance. On the same note, environmental performance positively 

influences social and economic performance. 
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Table 4-14: Hypothesis testing results 

 t-statistic p-values Hypothesis Decision 

EVP             EP 3.714 0.000 H6 Accepted 

EVP            SP 4.799 0.000 H7 Accepted 

GM           EVP 4.729 0.000 H4 Accepted 

LM         EVP 1.984 0.031 H2 Accepted 

LM           GM 8.208 0.000 H1 Accepted 

SP            EP 5.942 0.000 H8 Accepted 

LM            EP 2.194 0.029 H3 Accepted 

GM            SP 3.612 0.000 H5 Accepted 

A stepwise regression method was used to determine if the combined effect is stronger than 

individual impacts (Green et al., 2018). LM and GM were regressed against environmental 

performance and the change in R2 was noted. When LM was used alone, the R2 values obtained 

were 0.203, 0.31 and 0.392 for environmental, social and economic performances, respectively. 

When GM was applied alone, the obtained R2 values obtained were 0.262, 0.293 and 0.384 for 

economic, social and environmental performances, respectively. When GM was used as the 

second antecedent to LM, the R2 values for environmental, social and economic performances 

increased to 0.371, 0.465 and 0.603, respectively. The calculated t-values were greater than 

1.96, indicating that these increments are significant at the 0.05 level. Hence, the 

complementary relationship between LM and GM results in better sustainability performance 

compared to the individual techniques. Thus, hypothesis H9 is supported. This agrees with 

Leong et al. (2019) and Leong et al. (2020) who stated that the integration of LM and GM 

practices yields improved environmental and operational performance. 

The Importance-Performance Map Analysis (IPMA) was conducted to determine the 

importance and performance of the predecessor latent variable using SMART PLS 3. The aim 

is to identify the predecessors with high importance but low performance so that they can be 

improved (Hair et al., 2017). The performance for LM and GM were 62.9 and 60.7, 

respectively. The importance for LM was 0.729 and 0.827 for GM. The importance of both 

seems high, but their performances seem relatively medium. Thus, managers should devise 

possible ways of improving the performance of LM and GM so that better results are obtained. 

4.3.3.5.1 Indirect impacts 

To understand the importance of environmental performance on economic and social 

performance, the mediatory effects were analysed. As shown in Table 4.15, the results indicate 

that LM and GM have significant indirect effects on social performance and economic 

performance through environmental performance. Thus, environmental performance mediates 

the relationship between Lean-Green and socio-economic performance. This shows that those 

organisations seeking ways to improve their economic performance should consider improving 

their environmental performance. 
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Table 4-15: Indirect impacts results 

 t-statistic p-Values Decision 

LM         EVP           EP 1.967 0.04 2 Significant 

LM          EVP          SP 1.994 0.033 Significant 

GM          EVP          EP 2.822 0.005 Significant 

GM          EVP         SP 2.980 0.003 Significant 
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4.3.4 A structural model for assessing the impact of Lean-Green barriers on sustainable 

performance 

4.3.4.1 Introduction  

Organisations have been implementing many techniques over the past few years to enhance 

their sustainable performance, amongst them are LM and GM. Organisations are currently 

combining these two approaches to maximise their combined benefits. Some have successfully 

managed to implement these two methodologies with the quest to improve their sustainable 

performance. However, despite successful implementation, Lean-Green barriers still prevent 

other organisations from achieving their stated goal. Therefore, organisations must be aware of 

and comprehend these barriers in order to avoid jeopardizing performance gains. Thus, this 

research attempts to investigate the influence of internal and external barriers experienced by 

companies post-implementation and how they affect their intended purpose of increasing 

sustainable performance. 302 valid responses were collected and analysed using SMART PLS. 

The findings demonstrated that both internal and external barriers prevent organisations from 

attaining their objectives and hence demand attention. 

4.3.4.2 Background 

This research aims to develop a model that can evaluate the degree to which the internal and 

external barriers affect sustainable performance of Zimbabwe manufacturing companies. 

Zimbabwe is a developing country facing many economic challenges, including a high inflation 

rate. Thus, identifying barriers helps the managers, stakeholders, and policy makers to prepare 

for such hurdles, and reduce the risks of failing to achieve their intended targets (Cherrafi et 

al., 2017b). During the implementation stage, a lot of resources are used; for example, financial 

resource is channeled towards employee training. Thus, on top of the failure to realise the 

improvements in performance, organisations can face a loss in resources that would have been 

used during the implementation process, hence, further burdening the manufacturing 

organisations that are already suffering from challenges like the effects of the Covid-19 

pandemic. Thus, the research further explored how the internal and external barriers affect the 

relationship between social, economic, and environmental performance. According to the best 

knowledge of the student, no research has been conducted that developed a Lean-Green 

structural equation model to assess the relationships between Lean-Green barriers that are 

encountered post implementation and enhanced sustainable performance.  

4.3.4.3 SEM for the Lean-Green barriers  

4.3.4.3.1 Hypothesis development 

To determine the impact of external and internal Lean-Green barriers, a second-order structural 

model was developed with Lean-Green Manufacturing being the second-order latent variable 

while LM and GM were the first-order latent variables.  

Barriers have a negative influence on attaining improvements in sustainable performance. 

Mittal and Sangwan (2014) examined the impact of internal, economic, and policy barriers and 

concluded that internal barriers are the root cause of failures, and they should be tackled first. 

The research by Jabbour et al. (2016) showed that internal barriers have a negative influence 
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on accomplishing improved green operational practices. Furthermore, Cherrafi, et al. (2017a) 

highlighted that the barriers, whether internal or external, equally affect Lean-Green 

Manufacturing. Thus, organisations need to understand these barriers so that they know how 

to prioritise them and manage the resources effectively and efficiently (Jabbour et al., 2016; 

Kumar et al., 2016; Cherrafi et al., 2017a). Thus, it can be hypothesised that, 

H1: External barriers negatively affect the impact of Lean-Green Manufacturing. 

H2: Internal barriers negatively affect the impact of Lean-Green Manufacturing. 

Several studies have indicated that the individual adoption of LM and GM leads to 

improvements in sustainable performance dimensions. For instance, a research conducted in 

the Indian manufacturing SMEs by Sajan et al. (2017) pointed out that LM has a positive 

influence on economic, environmental and social performance. Another study by Nawanir et 

al. (2020) also indicated that LM practices had a significant positive relationship with the three 

dimensions of sustainability. Research by Afum et al. (2020a) among Ghanaian SMEs found 

that GM positively affects these three dimensions of sustainability. Another research by Afum 

et al. (2020b) found that GM is positively related to economic, social, and environmental 

sustainability. According to Fercoq et al. (2016), integration of LM and GM yields better 

results than when implemented separately. In addition, Green et al. (2018) found out that the 

combined Lean-Green results in improved sustainability than when these methodologies are 

implemented individually. Therefore, it can be hypothesised that,  

H3: Lean-Green Manufacturing is positively related to environmental performance. 

H4: Lean-Green Manufacturing has a positive relationship with economic performance. 

H5: Lean-Green Manufacturing has a positive relationship with social performance. 

If waste, effluent, and air emissions are reduced, the health and comfort of workers and the 

community are improved, hence, the relationship between the organisations, communities and 

workers is enhanced. Environmental pollution causes tension between communities as their 

plants and animals may be affected. Inefficient waste management may cause health and social 

problems to both workers and communities (Sajan et al., 2017). Thus, we can hypothesise that; 

H6: Environmental performance has a significant and positive impact on social performance. 

Investing in environmental sustainability issues, like the minimisation of energy consumption, 

waste, and material consumption is linked to financial gains (Sajan et al., 2017). According to 

Li (2014) improvement in environmental performance is likely to reduce the cost of raw 

material and waste disposal leading to reduced production costs and improved financial 

performance. Furthermore, a reduction in non-value-adding activities, material and energy use, 

leads to economic benefits due to the reduction in operational costs (Sajan et al., 2017). The 

application of environmental management techniques reduces the penalties for non-compliance 

(Afum et al., 2020). In addition, improvement in environmental performance makes 

organisations realise improvements in quality, responsiveness, profit, efficiency and customer 

satisfaction (Garza-Reyes, 2015). This improves the company's image and market performance 

(King and Lenox, 2001). Sajan et al. (2017) found out that improved environmental 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-70- 

 

sustainability leads to enhanced economic sustainability. Also, a study by Afum et al. (2020) 

in the Ghanian manufacturing industry found a positive relationship between environmental 

and economic performances. Therefore, we can postulate that, 

H7: Environmental performance has a positive relationship with economic performance. 

Improved working conditions and workplace safety reduce the frequency of accidents,  

resulting in reduced fines for environmental accidents. Furthermore, improved labour relations, 

community relations, health and safety, reduced worker and community complaints, and fewer 

environmental fines have an impact on the financial performance of organisations. Moreso, 

improved worker management reduces injuries, and mental and physical challenges, hence, the 

workers are motivated to perform better, leading to an improved production rate. Afum et al. 

(2020) found out that social performance has a positive influence on economic performance. 

Sila and Cek (2017) also established that social performance is the greatest contributor to 

economic performance. Furthermore, Barnett and Salomon (2012) found out that organisations 

that have large social performance attain higher financial performances. It can therefore be 

hypothesised that,  

H8: Social performance is related to economic performance. 

The relationships between the internal barriers, external barriers and 3BL are shown in Figure 

4.15. 

 

Figure 4.15: Conceptual model 

4.3.4.3.2 Measurement scale analysis 

SMART PLS 3 was used for Structural Equation Modelling to test the relationships between 

the factors. Before testing the relationships between the factors, the measurement model was 

assessed for validity and reliability. Cronbach’s alpha and composite reliability were used to 

determine the internal consistency and reliability. The composite reliability and Cronbach’s 
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alpha values were higher than the recommended minimum value of 0.7 showing high internal 

consistency and reliability (Nunnally, 1978; Hair et al., 2017). The convergent validity was 

determined using the AVE. Accordingly, the AVE values were all above the minimum 

recommended threshold value of 0.5, therefore, they were considered acceptable (Fornell and 

Larcker, 1981). Discriminant validity shows the extent to which a variable is truly distinct from 

the other variables of the model (Famiyeh et al., 2018). The discriminant validity was analysed 

using the HTMT ratio. All the variables exhibited discriminant validity as all the HTMT values 

did not include 1. The results for Cronbach’s alpha, composite reliability, AVE and 

discriminant validity are shown in Table 4.16. 

Table 4-16: Cronbach's alpha, Composite reliability, AVE and HTMT values 

  

Cronbach's 

alpha 

>0.7 

Composite 

reliability 

>0.7 

(AVE) 

>0.5 

HTMT 

Economic performance 0.885 0.913 0.636 Does not include 1 

Environmental 

performance 0.88 0.908 0.623 Does not include 1 

External barriers_ 0.866 0.908 0.712 Does not include 1 

Green Manufacturing 0.888 0.909 0.529 Does not include 1 

Internal barriers 0.841 0.88 0.513 Does not include 1 

Lean Manufacturing 0.897 0.916 0.521 Does not include 1 

Lean-Green 

Manufacturing 0.725 0.82 0.536 

Does not include 1 

Social performance 0.915 0.933 0.667 Does not include 1 

 

4.3.4.3.3 Structural model evaluation 

Collinearity among the factors was determined using the VIF. The VIF values ranged from 1 

to 3.148. This indicates that the model had no collinearity problem as all the values were below 

the recommended maximum value of 5 (Maware and Adetunji, 2019b). The coefficient for 

determination (R2) was also used for model assessment. According to Cohen (1988), Maware 

and Adetunji (2019a), R2 of 0.26, 0.13 and 0.02 represents large, medium and small effects 

respectively. As shown in Table 4.17 and Figure 4.16, the model explained 28.5%, 30.9%, 

81%, 83.2%, 83.6% and 60% of the variance in Lean-Green Manufacturing, environmental 

performance, economic performance, GM, LM, and social performance, respectively. This 

shows that the model explains large proportion of variance on all the variables. 
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Figure 4.16: SEM structural model 

Figure 4.16 also shows the path weights of the model. Accordingly, Lean-Green Manufacturing 

had a strong relationship with environmental performance compared to economic and social 

performance, as indicated by their path weights of 0.556, 0.163 and 0.170 respectively. The 

strength of the relationships between environmental performance and social performance and 

between environmental performance and economic performance are relatively the same as 

indicated by their path weights of 0.667 and 0.619, respectively. Also, the path weights of the 

relationship between internal barriers with Lean-Green Manufacturing and between external 

barriers with Lean-Green Manufacturing were -0.278 and -0.274 respectively, indicating that 

the strength of their relationships are relatively the same.  

Table 4-17: R2 and Q2 values 

Variables R2 Q2 

Economic Performance 0.81 0.493 

Environmental Performance 0.309 0.172 

Green Manufacturing 0.832 0.421 

Lean Manufacturing 0.836 0.418 

Lean-Green Manufacturing 0.285 0.114 

Social Performance 0.6 0.372 

 

The effect size (f2) and predictive relevance (Q2) values were used to further evaluate the model. 

The predictive relevance was determined using the Stone-Geisser’s Q2. To determine the Q2 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-73- 

 

values, blindfolding method was performed in SMART PLS. The Q2 values above 0 for a 

specific reflective endogenous variable indicate its predictive relevance (Famiyeh et al., 2018). 

As shown in Table 4.18, the Q2 values were higher than 0, indicating a large predictive 

relevance. In addition, the f 2 indicates how the R2 values change due to the omission of a certain 

exogenous variable (Maware and Adetunji, 2019b). This indicates the effect of the omitted 

variable on the endogenous variable. The equation for measuring the f 2 is given by 

𝑓2 =
𝑅2𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑 − 𝑅2𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑

1 − 𝑅2𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑
 

According to Cohen (1988), Hair et al. (2017), f2 effect values of 0.35, 0.15 and 0.02 indicate 

large, medium, and small effects, respectively. As highlighted in Table 4.14, the relationship 

between environmental performance and social performance, between environmental 

performance and economic performance, and between Lean-Green Manufacturing and 

environmental performance showed large effects, while the rest of the relationships showed 

medium effects. 

Table 4-18: f2 values 

 Environmental 

performance 

Economic 

performance 

Social 

performance 

Lean-Green 

Manufacturing 

Environmental 

performance 

 0.788 

 

0.767 

 

 

Social performance  0.263   

Lean-Green 

Manufacturing 

0.448 0.159 0.189  

External barriers    0.208 

Internal barriers     0.212 

 

To determine the significance of the path coefficients, the bootstrapping procedure was 

performed in SMART PLS using re-sample of 5000 runs (Hair et al., 2017; Famiyeh et al., 

2018). As shown in Table 4.19, the results indicate that internal and external barriers had a 

significant negative relationship with Lean-Green Manufacturing. Thus, when internal and 

external barriers increase, the chances of improving sustainable performance through Lean-

Green implementation decreases. On the other hand, the results also show that Lean-Green 

Manufacturing has a significant positive relationship with social, environmental and economic 

performance.  
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Table 4-19: path coefficient, t-statistics, p-value and decision 

Hypotheses Effect of On Path 

coefficient 

t-

statistics 

p 

values 

Decision  

H7 Environmental 

performance 

Economic 

performance 

0.619 9.883 0 Accepted 

H6 Environmental 

performance 

Social 

performance 

0.667 9.635 0 Accepted 

H1 External 

barriers 

Lean-Green 

Manufacturing 

-0.274 2.71 0.009 Accepted 

H2 Internal 

barriers 

Lean-Green 

Manufacturing 

-2.78 2.76 0.007 Accepted 

H4 Lean-Green 

Manufacturing 

Economic 

performance 

0.163 2.857 0.004 Accepted 

H3 Lean-Green 

Manufacturing 

Environmental 

performance 

0.556 6.983 0 Accepted 

H5 Lean-Green 

Manufacturing 

Social 

performance 

0.170 2.377 0.018 Accepted 

H8 Social 

performance 

Economic 

performance 

0.217 2.519 0.012 Accepted 

 

4.4 Chapter conclusion 

This chapter highlights the results obtained from the mixed method. The results from the 

qualitative method shows the synergies and divergencies between LM and GM. Also, from the 

quantitative method, it was indicated that the implementation of Lean-Green has a positive 

impact on operational and environmental performance. Furthermore, environmental 

performance mediates the relationship between Lean-Green Manufacturing and socio-

economic performance. Finally, internal and external Lean-Green barriers were found to 

negatively affect sustainable performance improvements. 
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Chapter 5: Discussion 

5.1 Introduction 

This chapter gives a detailed discussion of the results obtained. It also compares the results to 

the studies done by other scholars. Thus, it explains the results and their importance and 

relevance to manufacturing organisations. The discussion of the qualitative method is outlined 

first followed by that of the quantitative method. 

5.2 Discussion of the results 

Companies are adopting Lean-Green Manufacturing to improve operational performance while 

meeting the environmental obligation. However, the integration of Lean Manufacturing (LM) 

and Green Manufacturing (GM) is not always smooth, as there are contradictory issues. Thus, 

the research examined complementary and contradictory issues of Lean-Green to help 

organisations interested in integrating these techniques. The study indicated that LM and GM 

are complementary to one another, for example on waste reduction, lead time reduction, 

employee involvement and customer focus. Also, when LM and GM are combined, better 

improvements are realised than when one of the methodologies is implemented. This agrees 

with research conducted by Green et al. (2018), who found that when LM and GM are 

combined, the improvement is more significant than when implemented separately. In addition, 

Fercoq et al. (2016) noted that Lean companies that are adopting GM are attaining better Lean 

results than those that are not. Furthermore, Haddach et al. (2017), Cherrafi et al. (2018), 

Logesh and Balaji (2020), Afum et al. (2021) highlighted that improved GM results are attained 

by the reduction of Lean waste and adoption of LM practices. This agrees with Dües et al. 

(2013), who highlighted that LM acts as a catalyst toward attaining GM, thus, further 

confirming the synergistic effect. 

The results also agree with Dües et al. (2013) as they show synergies in supply chain 

management, application of waste reduction techniques, and people involvement, amongst 

others. Both researches also agree that there are some divergencies between LM and GM, for 

example, their focus, principal tools, and end-of-life approach. However, the current research 

extends this knowledge by adding some complementary and contradicting issues between LM 

and GM. The synergies include that they both include long term thinking, aim to add value, 

and improve sustainable performances. Some noted divergencies include how they define 

value, their contribution to sustainability, and their approach towards competitiveness and 

profit.  

Although the research highlighted that LM affects economic and social performance while GM 

affects environmental performance (Pampanelli et al. 2016), the research done by Sajan et al. 

(2017) indicated that LM has a positive impact on social, economic, and environmental 

performance. In their research, Afum et al. (2020a; 2020b) found out that GM has a significant 

positive impact on all three dimensions of sustainability. Thus, this further highlights that the 

integration of LM and GM enhances organisational performance. 

The research also agrees with Dües et al.(2013) as they both noted that the greatest 

contradicting concern is the divergence between Just in Time (JIT) delivery and increased 

greenhouse gas emissions. Some strategies for resolving these contradicting issues include 
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selecting suppliers who are geographically close together so that they can share the load during 

deliveries. Venkat and Wakeland (2006) advocated that the emissions can be reduced by 

sharing trucks with other products and companies and using heavy-duty trucks. Also, 

optimisation of the vehicle routing system can be beneficial, as the shortest routes are identified 

and used during deliveries. Additionally, routes with less traffic congestion can be utilised to 

minimise the emissions (Kim et al., 2009). Furthermore, routes for delivering products to 

customers can be managed so that each truck focuses on customers in the same geographical 

area. Also, if the suppliers and the customers are in the same geographical area, emissions can 

be reduced due to the shorter distance travelled. However, as the travel distance increases, the 

conflicting nature increase due to increased gas emissions. In addition, Lindblom and Stenqvist 

(2007) pointed out that the use of either sea transportation or a combination of sea and road 

transportation can reduce CO2 emissions.  

This study also investigated the impact of adopting LM and GM on the environmental and 

operational performance of manufacturing companies in Zimbabwe. Lean-Green has emerged 

as a new and essential manufacturing philosophy that can be adopted by manufacturing 

companies to achieve competitive advantage (Basha et al., 2020). In addition, the renewed 

focus on environmental requirements by regulators and customers has pushed organisations to 

reduce environmental pollution by adopting techniques such as Lean-Green (Huo et al., 2019). 

Recently, researchers are beginning to explore the relationship between LM and GM and how 

they mutually affect organisational performance, but there is still a lot of opportunities for 

research in this area, especially in developing countries where it does not seem to be any work 

of this nature done. 

Many manufacturing companies seemed hesitant to implement Lean-Green. They are unsure 

which practices to implement and the benefits of such implementations. Therefore, this 

research tackles this by providing evidence of the benefits of implementing Lean-Green 

practices. The results support the assertion that when integrated, LM and GM positively impact 

environmental and operational performance. LM was found to directly impact both 

environmental and operational performance. This is consistent with earlier studies such as 

(Green et al., 2018; Inman and Green, 2018). Earlier studies also reported a positive 

relationship between LM and environmental performance (Ghobakhloo et al., 2018; Green et 

al., 2018). The impact of LM on operational performance is also supported by (Jabbour et al., 

2013; Nawanir et al., 2013; Godinho et al., 2016; Maware and Adetunji, 2019a; Hassan and 

Jaaron; 2021; Buer et al., 2021; Saini and Singh, 2022). In contrast, the research by Khalfallah 

and Lakhal (2020) highlighted that Total Quality Management (TQM), JIT and Total 

Productive Maintenance (TPM) do not have a positive influence on operational performance. 

Although LM had a positive relationship with environmental performance, the indirect impact 

through GM is stronger compared to the direct impact. This shows that LM and GM are 

complementary. GM was found to have a positive relationship with environmental 

performance. This agrees with the study conducted in the Indonesian manufacturing and 

logistic industry (Firmansyah and Maemunah, 2021). The results failed to support the 

hypothesis that GM has a positive relationship with operational performance. Nevertheless, it 

was depicted that GM has an indirect impact on operational performance through 

environmental performance. This is consistent with the US firms' survey (Inman and Green, 
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2018). Thus, the enhancement of operational performance is not directly caused by 

implementing GM but by improving environmental performance due to adopting GM 

practices. On the same note, environmental performance was found to positively affect 

operational performance. This is also supported by Jabbour et al. (2013). More importantly, 

the integration of LM and GM showed a greater impact compared to the implementation of 

GM and LM separately. This agrees with earlier studies who noted that combining LM and 

GM practices yields better results than implementing one of the methodologies (Fercoq et al., 

2016; Cherrafi et al., 2018). This was also confirmed by Ramos et al. (2018) who noted that 

LM acts as a catalyst for attaining better Green improvements. Generally, the integration of 

LM and GM supports the improvement in environmental performance leading to improved 

operational performance. Lean practices aim to reduce the non-value-adding operations thereby 

increasing efficiency (Firmansyah and Maemunah, 2021). On the other side, GM aims to 

improve environmental performance by eliminating environmental waste (Firmansyah and 

Maemunah, 2021, Singh, 2021). 

The manufacturing industry plays a vital role by contributing to the growth of the economy and 

creating employment. Although rapid industrialisation has contributed to the growth of 

economies, the consequent massive environmental damage has resulted in a decrease in 

environmental and social sustainability. Hence, manufacturing companies are adopting 

improvement methodologies such as LM and GM. Various studies have reported on the 

improvements achieved by implementing LM (Hartini and Ciptomulyono, 2015; Longoni and 

Cagliano, 2015; Sajan et al., 2017; Nawanir et al., 2020) and GM (Acharya et al., 2014; Afum 

et al., 2020a; Rehman and Yu, 2020; Singh, 2021, Al-Hakimi et al., 2022) on sustainability. 

However, this research extended this knowledge by investigating the impact of being 

environmentally compliant on social and economic performances. The improvement of 

environmental sustainability has shifted from being optional to mandatory (Acqah et al., 2021). 

Hence, organisations have been implementing GM in quest for better environmental 

performance. The findings indicated that improving environmental performance results in 

better economic and social performance of the manufacturing organisations. This agrees with 

the results obtained by Sajan et al. (2017) on the LM model in Indian SMEs and Afum et al. 

(2020b) on the GM model in Ghana’s manufacturing industry. Though organisations are 

usually more interested in their economic performance, they should know that this can be 

improved through improvements in environmental performance. In particular, the findings 

showed that environmental sustainability is key in attaining improved socio-economic 

performances. Therefore, sustainable performance can be achieved through the realisation of 

good performance in the environment. Furthermore, the study showed a positive influence of 

social performance on economic performance, which agrees with results obtained by Afum et 

al. (2020a) on a GM model. Although the positive relationship between social performance 

and economic performance contradicts the findings by Sajan et al. (2017), achieving social 

improvement means workers are healthy and available for work, their safety is guaranteed and 

conflicts are reduced, thus, they are motivated and encouraged to perform better. 

Also, the research investigated whether the combined implementation of LM and GM yield 

better improvements in the Triple Bottom Line (3BL) than individual implementation. It was 

found that when LM and GM are implemented simultaneously, their impact is stronger than 
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when they were adopted separately. This agrees with several authors who have noted that 

integrated LM and GM yield better results than when implemented individually (Fercoq et 

al.,2016; Cherrafi et al., 2018; Green et al., 2018; Ramos et al., 2018). This shows that Lean-

Green is a valuable methodology for attaining social, economic, and environmental 

performance improvements. These findings agree with several studies that have reported on 

the impact of implementing Lean-Green on environmental performance (Green et al., 2018; 

Inman and Green, 2018). However, Chen et al. (2019) found out that the relationship between 

Lean practices and environmental performance is not supported as the Lean practices positively 

impact specific environmental performance measures and not the overall environmental 

performance. Furthermore, Hartini and Ciptomulyono (2015) pointed out that issues on social 

performance have not been widely examined. Hence, the results of this study are more 

important as, in addition to economic and environmental performances, it outlines how social 

performance is improved by implementing Lean-Green. Thus, it focuses on the people (social) 

in addition to profit (economic) and the planet (environment). It includes safety and health of 

workers, labour relations and community engagement. 

Organisations worldwide are striving to be sustainable, hence, they are adopting various 

methodologies such as LM and GM. Researchers have been investigating the impact of 

integrating LM and GM to enhance sustainable performance (Al-Hakimi et al., 2022; Antony 

et al., 2022). This study investigated how the Lean-Green barriers hamper organisations from 

achieving their goal of improving sustainable performance. Results have shown that both 

internal and external barriers hinder organisations from achieving the target results. Both 

internal and external barriers were found to have significant negative impact on Lean-Green 

Manufacturing. As the significance of the barriers increases, the chances of organisations being 

able to attain their target diminishes. Also, the results of this research have shown that both 

external and internal barriers have relatively equal and negative impact on Lean-Green 

Manufacturing. This contradicts the results obtained by Jabbour et al. (2016) in Brazil, who 

showed that only internal barriers have a significant negative impact on Green operations and 

not external barriers; hence manufacturing organisations in Brazil are making efforts to 

improve their internal activities compared to those in Zimbabwe. Also, compared to Brazil, 

Zimbabwe encounters high socio-economic challenges, including high inflation rate signifying 

that it faces many external barriers. Internal barriers related to humans; for example, lack of 

training and education, lack of awareness and lack of top management commitment, are key to 

attaining sustainable development. Workers need to be trained, involved and encouraged to 

establish a favourable organisational culture (Jabbour et al., 2016; Thanki, 2018). Overcoming 

the financially related internal barriers, such as financial constraints and ineffective technology, 

is also important for organisations to realise improvements in sustainable performances. 

Organisations need to source resources and allocate them appropriately as improper allocation 

can cause failures (Thanki, 2018). In addition, overcoming external barriers related to the 

government, for example lack of government support, is also critical for Lean-Green to achieve 

its intended goal as some organisations have inadequate resources.  

Companies that have successfully implemented Lean-Green Manufacturing should understand 

that even after the implementation process, they can still face challenges that can hinder them 

from attaining their intended goal. Thus, this enables them to allocate resources accordingly. 
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Therefore, managers should devise ways to address the internal barriers as they are related to 

policy and economic activities (Mittal and Sangwan, 2014). Understanding the internal barriers 

will help organisations to eliminate those barriers within their capacity before focusing on 

external barriers. In addition, knowledge of external barriers will enable organisations to 

engage with the respective authorities. Additionally, the results of this research have 

demonstrated the relationship between environmental, social, and economic performance. 

Thus, by minimising the internal and external barriers, enhanced environmental, social , and 

economic performance is attained. 

5.3 Chapter conclusion 

This chapter discusses the results of the study. It was found that the results obtained in this 

study agrees with a lot of other studies. Moreover, the results from the qualitative method agree 

with those from the quantitative method as they both demonstrated that LM and GM can be 

combined to enhance the performance of organisations. 
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Chapter 6: Conclusion, implications, and future research opportunities 

6.1 Introduction 

This chapter gives the conclusion to the research. This is achieved by answering the research 

questions. In addition, it gives practical, managerial, and social implications. Moreover, the 

limitations of the research are outlined as well as the future research opportunities.  

6.2 Conclusion  

The study investigated the implementation of Lean-Green manufacturing using the Population, 

Intervention, Comparison, Outcome (PICO) method. 141 papers focusing on Lean-Green 

manufacturing were used to identify the complementary and contradictory issues. The results 

showed that Lean Manufacturing (LM) and Green Manufacturing (GM) are complementary as 

they all aim at eliminating waste to satisfy the customers. As a result, they aim at continuous 

improvement, lead time reduction and supply chain improvements through the application of 

various waste reduction practices and the involvement of employees. However, LM and GM 

differ in the way they define waste, what their customers are interested in, the practices, and 

emission reduction, amongst others. Furthermore, it was highlighted that LM aims to improve 

operational performance while GM is interested in environmental performance. 

In addition, the results from this study were further compared to those obtained by Dües et al. 

(2013). The results were in agreement, and they both indicate related divergencies and 

synergies of LM and GM. In addition to Dües et al. (2013), this study showed that LM wastes 

can be extended from 7 to 8. Furthermore, issues of sustainability, value creation, 

competitiveness and profit were also highlighted. In addition, implementation barriers, drivers, 

Critical Success Factors (CSFs), synergies and divergencies, impact on performance and 

integration with other techniques were found to be the research themes. Thus, knowledge of 

themes, complementary and contradictory issues on Lean-Green does not benefit 

manufacturing industries only, but it is useful for other industries such as mining and 

construction. 

The study has indicated the complementary and contradictory areas of LM and GM. This will 

help those organisations willing to adopt Lean-Green on what to expect. It further assists those 

who are unsure, which method to implement first, LM or GM, to consider implementing them 

simultaneously. Furthermore, the positive impacts of the integration outweigh the negative 

effects, thus, making it clear for those organisations that are not sure of what Lean-Green can 

bring to them.  

Furthermore, this research examined the impact of implementing Lean-Green practices on 

organisational performance. The research objective was to shed more light on the impact of 

Lean-Green in a developing country and assist those organisations that worry about adopting 

such methodologies. Particular attention was given to environmental and operational 

performance. The data was collected in the Zimbabwean manufacturing industry and analysed 

using SMART PLS. It was discovered that Lean-Green has an impact on operational and 

environmental performance. Additionally, integrating LM and GM practices has a significant 

influence compared to LM and GM being implemented separately. Thus, those organisations 
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that have already implemented LM should consider integrating it with GM to attain pronounced 

benefits.  

In addition, the research investigated how improvements in environmental performance affect 

economic and social performance. The results demonstrated that environmental performance 

is crucial in achieving enhanced social and economic performance. Thus, it is not sufficient for 

organisations to view the adoption of environmental management techniques as a compliance 

issue, but it’s a necessity to drive their bottom line and gain social capi tal, which also feeds 

back to economic gains. In addition, the study compared the impact of the simultaneous 

implementation of LM and GM and individual implementation. The combined impact of LM 

and GM was found to be greater than the individual impact. Hence, organisations should 

consider implementing both methodologies simultaneous instead of implementing one of the 

methodologies. Although adopting Lean-Green is associated with implementation costs, there 

are a lot of benefits associated with such implementations. 

Lastly, the study also investigated the impact of internal and external Lean-Green barriers post 

implementation phase and how they affect the improvements in sustainable performance. The 

results showed that both the internal and external barriers have negative relationships with 

sustainable performance. Thus, by reducing these barriers, organisations are likely to attain 

improvements in sustainable performance. Hence, organisations should understand these 

barriers and devise ways to overcome them. 

6.3 Research implications  

6.3.1 Managerial implications 

The research has demonstrated that Lean-Green positively impacts environmental and 

operational performance, therefore, the managers have been provided with knowledge on the 

benefits of integrating LM and GM. Particularly, the managers understand the relational paths 

of Lean-Green and their impacts on organisational performance, and consequently, the focus 

needs not only be on the direct impact, but the total impact. In addition, the study showed that, 

although implementing Lean-Green requires resources, there are a lot of benefits associated 

with such implementations. Thus, the managers of manufacturing organisations should strive 

to implement Lean-Green and enjoy the benefits of such implementations. Furthermore, 

managers can benefit from reducing costs due to the elimination of waste and improvement in 

environmental sustainability. Hence, organisations can satisfy both Lean customers and Green 

customers as all their requirements will be fulfilled, thus, increasing competitiveness. 

Most studies that have been done focused on the impact of implementing LM and GM 

separately. As a result, it seems managers are not sure of the actual impact of the simultaneous 

implementation of LM and GM, and how it yields better results relative to the individual 

implementation of each. This study, however, bridges this gap by comparing the impact of 

simultaneously implementing LM and GM to their individual implementation, and the pattern 

of achieving this result, especially the indirect paths. Also, this research has demonstrated that 

GM may not have a direct impact on operational performance, but the relationship that is 

indirect through environmental performance is significant. Also, the indirect impact of LM on 

environmental performance through GM provides further reinforcement of performance 

improvement. As a result, managers should know that to attain enhanced operational 

performance and improve competitiveness, there is a need to improve environmental 
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performance through GM implementation. In addition, they now know that Lean-Green has a 

positive impact on companies regardless of where they operate within the supply chain.  

The research has shown that environmental, economic, and social performance can be 

improved by adopting Lean-Green manufacturing. Furthermore, the combined Lean-Green 

was found to have a greater impact on the Tripple Bottom Line (3BL) than when LM and GM 

are implemented individually. Therefore, for organisations seeking to be sustainable, their 

managers should consider implementing LM and GM simultaneously. Additionally, the 

research has demonstrated that improvements in environmental performance has a positive 

impact on social and economic performances. This furnishes managers with evidence of the 

importance of being environmentally compliant. Moreso, those skeptical organisations yet to 

implement either of the methodologies should consider doing so, as such implementations are 

not a waste of money but are associated with many benefits. 

Furthermore, the Importance-Performance Map Analysis (IPMA) has shown that LM and GM 

are important methodologies that need to be correctly implemented to enhance performance. 

However, the implementation of these methodologies may be associated with high costs; 

hence, managers should consider this.  

While synergies and divergences between LM and GM were noted, divergence on CO2 

emissions is concerning, hence, organisations seeking to integrate LM and GM should devise 

ways to tackle it. The research equips managers with knowledge about Lean-Green barriers, 

implementation drivers, impact on performance, CSFs, and how Lean-Green integrates with 

other methodologies. Knowledge of Lean-Green barriers will help managers understand the 

hurdles they are likely to face when integrating LM and GM. Also, understanding the drivers 

that push organisations to integrate LM and GM will equip them with knowledge of why other 

companies are opting to integrate LM and GM, hence they can make informed decisions. In 

addition, knowing and understanding the CSFs, will help managers to reduce the risk of 

unsuccessful implementations that can result in loss of organisational resources. Successful 

implementation of Lean-Green improves organisational performance, resulting benefits, and 

integrating Lean-Green with methodologies such as Agile manufacturing and Six Sigma 

enhances organisational performance of companies. Therefore, before organisations begin the 

process of integrating LM and GM, they need to know and understand the Lean-Green barriers, 

implementation drivers, its impact on performance, CSFs and how Lean-Green can be 

integrated with other methodologies so that they make informed decisions. 

6.3.2 Social implications  

Traditional manufacturing methods tend to cause many negative environmental effects such as 

increased carbon footprint, waste and energy consumption. However, socio-environmental 

issues are of great concern nowadays, with stakeholders, policy makers, communities, and 

customers demanding organisations to adopt environmentally friendly sustainable 

manufacturing (Ghobakhloo et al.,2018). Therefore, implementing Lean-Green will reduce the 

negative environmental impacts caused to the societies, thereby improving the relationship 

with communities. The research demonstrated that the integration of Lean-Green has a positive 

relationship with social sustainability. Lean-Green leads to a reduction in pollution by solid 

waste, waste water and air emissions. Therefore, less environmental damage is caused to the 
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nearby communities and working environment, thus likely improving the relationship with the 

communities, as well as the health and safety of workers.  

This research also demonstrated that both LM and GM positively impact environmental 

performance. The indirect impact of LM on environmental performance through GM is greater 

than the direct impact. Hence, organisations thinking of implementing LM alone should 

consider integrating it with GM for enhanced environmental performance. Improvements in 

environmental performance mean less environmental harm is caused to the communities and 

workplaces, thus probably improving the safety and health of workers and communities. 

6.3.3 Research limitations and future research opportunities 

The first part of the research was based on a literature review, therefore, it only gives a 

summary of results obtained by other researchers. It only focused on Lean-Green in general, 

and it did not narrow down to a specific country or a particular type of manufacturing industry. 

It may be interesting to explore how Lean-Green can be implemented at the country level. The 

socio-economic and political environment differs from one country to another; thus, the Lean-

Green requirements and implementations differ. Therefore, companies need to examine how 

best to integrate LM and GM based on their country. Furthermore, the study only focused on 

manufacturing companies and did not consider other industries such as service, agriculture, 

and construction. Hence, the study can be extended to other types of industries. Additionally, 

this study discussed the relationship between selected Lean and Green practices. In future, 

organisations can determine the practices that are more applicable to them and use those in 

such research.  

The other parts of the research were conducted through a survey of the manufacturing 

companies in Zimbabwe only. Although Zimbabwe is a developing country, the business 

environment differs from one country to another, hence the results may not be simply 

extrapolated for manufacturing companies in other developing countries. Furthermore, 

Zimbabwe is under socio-economic challenges characterised by a high rate of inflation; hence 

some of the barriers maybe be confined to the Zimbabwean situation. Thus, similar research 

can be conducted in other developing countries and results compared with those obtained in 

this study.  

A comparison can be done between Small and Medium Enterprises (SMEs) and large 

enterprises, as SMEs seem to be lagging due to several reasons, such as financial constraints. 

The research can investigate if the size of the organisations can play a moderating role on the 

impact of Lean-Green on environmental performance.  

6.4 Chapter conclusion 

This chapter focused on outlining the research conclusion by answering the research questions. 

Also, the implications of the research to the society and organisations were indicated. This will 

help organisations to prepare accordingly. Furthermore, the limitations and future areas of 

research were outlined. This will guide future researchers in identifying possible research areas 

and ways to eradicate the limitations faced in this research. 
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6.5 Thesis summary 

The Table below indicates the summary of the novel contributions, made in each chapter of 

the research and how it relates to the research questions. 

Table 6-1: Summary of the thesis 

Chapter Contribution 

1 Introduces the thesis and outlines the research questions that were 

answered in this research. 

2 Outlines the literature on LM and GM. It outlines the research gap and 

how it led to the formulation of the research questions. 

3 Outlines the qualitative and quantitative research methods that were 

used in the research. 

4 Provides the answers to the research questions. 

5 Is the discussion of the results which provided a detailed outline of the 

answers to the research questions. 

6 The chapter outlines the research implications and provides future 

research questions which can be answered by further research.  

 

 

 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-85- 

 

References  

Abdullah, M., Chew, B., Hamid, S., Management, F. and Teknikal, U. (2014), “Transformation 

from lean service to green service”, In International Symposium on Research in Innovation and 

Sustainability (iSORIS), Malacca, pp. 1–4. 

Abolhassani, A., Layfield, K. and Gopalakrishnan, B. (2016), “Lean and US manufacturing 

industry: popularity of practices and implementation barriers”, International Journal of 

productivity and performance Management, Vol. 65 No.7, pp. 875–897. doi: 10.1108/IJPPM-

10-2014-0157. 

 

Abreu, M.F., Alves, A.C. and Moreira, F. (2017), “Lean-Green models for eco-efficient and 

sustainable production”, Energy, Vol. 137, pp. 846–853. 

 

Abu, F., Gholami, H., Saman, M.Z.M., Zakuan, N. and Streimikiene, D. (2019), “The 

implementation of lean manufacturing in the furniture industry: A review and analysis on the 

motives, barriers, challenges, and the applications”, Journal of Cleaner Production, Vol. 234, 

pp.660-680. doi: 10.1016/j.jclepro.2019.06.279. 

Abualfaraa, W., Salonitis, K., Al-ashaab, A. and Ala, M. (2020), “Lean-green manufacturing 

practices and their link with sustainability: a critical review”, Sustainability, Vol. 12 No. 3, p. 

981. 

 

Acharya, P.S.G., Vadher, J.A. and Acharya, G.D. (2014),` “A review on evaluating green 

manufacturing for sustainable development in foundry industries”, International Journal of 

Emerging Technology and Advanced Engineering, Vol. 4 No. 1, pp. 232–237. 

Achim, M.V. and Borlea, S.N. (2014), “Environmental Engineering and environmental 

performances – way to boost up financial”, Environmental Engineering and Management 

Journal, Vol. 13 No. 4, pp. 1003–1016. 

Acquah, I.S.K., Essel, D., Baah, C., Agyabeng-Mensah, Y. and Afum, E. (2021), “Investigating 

the efficacy of isomorphic pressures on the adoption of green manufacturing practices and its 

influence on organizational legitimacy and financial performance”, Journal of Manufacturing 

Technology Management, Vol. 32 No. 7, pp.1399-1420. 
 

Afum, E., Agyabeng-mensah, Y. and Sun, Z. (2020), “Exploring the link between green 

manufacturing, operational competitiveness, firm reputation and sustainable performance 

dimensions: a mediated approach”, Journal of Manufacturing Technology Management, Vol. 

31 No. 7, pp. 1417–1438. 

Afum, E., Osei-Ahenkan, V.Y., Agyabeng-Mensah, Y., Owusu, J.A., Kusi, L.Y. and 

Ankomah, J. (2020), “Green manufacturing practices and sustainable performance among 

Ghanaian manufacturing SMEs: the explanatory link of green supply chain integration”, 

Management of Environmental Quality: An International Journal [Preprint]. 

Afum, E., Zhang, R., Agyabeng-Mensah, Y. and Sun, Z. (2021), “Sustainability excellence: 

the interactions of lean production, internal green practices and green product innovation”, 

International Journal of Lean Six Sigma, Vol. 12 No. 6, pp. 1089–1114. 

Agyabeng-mensah, Y., Afum, E. and Ahenkorah, E. (2020), “Exploring the mediating 

influences of total quality management and just in time between green supply chain practices 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-86- 

 

and performance”, Journal of Manufacturing Technology Management [Preprint]. 

 

Agyabeng-mensah, Y., Tang, L., Afum, E., Baah, C. and Dacosta, E. (2021), “Organisational 

identity and circular economy: are inter and intra organisational learning, lean management 

and zero waste practices worth pursuing?”, Sustainable Production and Consumption, Vol. 28, 

pp. 648–662. 

 

Ahmad, S., Abdullah, A. and Talib, F. (2020), “Lean-green performance management in Indian 

SMEs: a novel perspective using the best-worst method approach”, Benchmarking: An 

International Journal [Preprint]. 

 

Ai, T., Hon, H. and Sulaiman, Z. (2015), “Green Supply Chain Management , Environmental 

Collaboration and Sustainability Performance”, Procedia CIRP, Vol. 26, pp. 695–699. 

doi:10.1016/j.procir.2014.07.035. 

Aisyah, S., Purba, H.H., Jaqin, C., Amelia, Z.R. and Adiyatna, H. (2021), “Identification of 

implementation lean, agile, resilient and green (LARG) approach in Indonesia automotive 

industry”, Journal Europeen des Systemes Automatises, Vol. 54 No. 2, pp. 317–324. 

 

Al-Hakimi, M.A., Al-Swidi, A.K., Gelaidan, H.M. and Mohammed, A. (2022), “The influence 

of green manufacturing practices on the corporate sustainable performance of SMEs under the 

effect of green organizational culture: a moderated mediation analysis”, Journal of Cleaner 

Production, Vol 376, p.134346. 

Aminuddin, A.S.A., Nawawi, M.K.M. and Mohamed, N.M.Z.N. (2014), “Analytic network 

process model for sustainable lean and green manufacturing performance indicator”, AIP 

Conference Proceedings, pp. 32–38. doi:10.1063/1.4894328. 

Amrina, U., Hidayatno, A. and Zagloel, T.Y.M. (2021), “Mapping challenges in developing 

sustainable small and medium industries: integrating lean and green principles”, Journal of 

Industrial Engineering and Management, Vol. 14 No. 2, pp. 311–328. 

 

Anis, A., Islam, R., Hashim, H. and Rahim, A.R.A. (2019), Internal and external barriers to 

effective supply chain management implementation in Malaysian manufacturing companies: a 

priority list based on varying demographic perspectives, International Journal Supply Chain 

Management, Vol. 8 No. 6, pp.1069-1075. 

Antony, J., Swarnakar, V., Cudney, E. and Pepper, M. (2022), “A meta-analytic investigation 

of lean practices and their impact on organisational performance”, Total Quality Management 

& Business Excellence, Vol 33 No. 15-16, pp.1799-1825. 
 

Aromataris, E.C. and Riitano, D. (2014), “Constructing a search strategy and searching for 

evidence”, The American Journal of Nursing, Vol. 112 No. 5, pp. 49–56. 

 

Arumugam, V., Kannabiran, G. and Vinodh, S. (2020), “Impact of technical and social lean 

practices on SMEs” performance in automobile industry: a structural equation modelling 

(SEM) analysis”, Total Quality Management and Business Excellence, pp. 1–27. 

doi:10.1080/14783363.2020.1791067. 

Avancini, P.R., Assumpção, J.J., Helleno, A.L. and Campos, L.M.S. (2019), “Lean and Green 

Manufacturing Practices: A multiple case study about synergy”, In Proceedings of the 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-87- 

 

International Conference on Industrial Engineering and Operations Management , pp. 698–

709. 

 

Banawi, A.-A. and Bilec, M. (2014), “Applying Lean, Green, and Six-Sigma Framework to 

Improve Exterior Construction Process in Saudi Arabia”, KICEM Journal of Construction 

Engineering and Project Management, pp. 12–22. doi:10.6106/JCEPM.2014.4.2.012. 

Barnett, M. L. and Salomon, R. M. (2012), “Does it pay to be really good? Addressing the 

shape of the relationship between social and financial performance”, Strategic Management 

Journal, Vol. 33 No. 11, pp. 1304–1320. doi: 10.1002/smj. 

Basha, A.M.M., Rajaiah, M., Vijayakumar, O., Haranath, Y. and Srinivasulu, T. (2020), 

“Green and lean industrial engineering practices in selected manufacturing units in Andhra 

Pradesh: Statistical analysis”, International Journal of Emerging Trends in Engineering 

Research, Vol. 8 No. 5, pp. 1768–1775. 

 

Bashkite, V. and Karaulova, T. (2012), “Integration of green thinking into lean fundamentals 

by theory of inventive problems-solving tools”, 23rd DAAAM International Symposium on 

Intelligent Manufacturing and Automation, Vienna, Austria, EU, pp. 345–350. 

 

Baskiewicz, N. and Barbu, C. (2021), “The role of internal conditions in the implementation 

of the lean green concept: American, Japanese and Polish Experiences”, Management and 

Production Engineering Review, Vol. 12 No. 4, pp. 71–86. 

 

Baumer-Cardoso, M.I., Campos, L.M.S., Santos, P.P.P. and Frazzon, E.M. (2020), 

“Simulation-based analysis of catalyzers and trade-offs in lean & green manufacturing”, 

Journal of Cleaner Production, Vol. 242, p. 118411. 

 

Belhadi, A., Kamble, S.S., Zkik, K., Cherrafi, A. and Touriki, F.E. (2020), “The integrated 

effect of big data analytics, lean six sigma and green manufacturing on the environmental 

performance of manufacturing companies: the case of North Africa”, Journal of Cleaner 

Production, Vol. 252, pp. 1–14. 

 

Belhadi, A., Touriki, F.E. and Fezazi, S. E. (2018), “Benefits of adopting lean production on 

green performance of SMEs: a case study a case study”, Production Planning & Control: The 

Management of Operations, Vol. 29 No. 11, pp. 873–894. 

 

Bento, S.G. and Tontini, G., (2018), “Developing an instrument to measure lean manufacturing 

maturity and its relationship with operational performance”, Total Quality Management & 

Business Excellence, Vol. 29 No. 9-10, pp. 977-995. doi:10.1080/14783363.2018.1486537. 

Bergmiller, G.G. and McCright, P.R. (2009), “Are Lean and Green Programs Synergistic?”, In 

Proceedings of the 2009 industrial engineering research conference, pp. 1155-1160. 

 

Bergmiller, G.G., Mccright, P.R. and Florida, S. (2009), “Lean manufacturers” transcendence 

to green manufacturing”, in Proceedings of the 2009 Industrial Engineering Research 

Conference Lean, pp. 1144–1149. 

 

Berndt, A.E. (2020), “Sampling methods”, Journal of Human Lactation, Vol. 36 No 2, pp.224-

226. 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-88- 

 

Bevilacqua, M., Ciarapica, F.E. and De Sanctis, I. (2017), “Lean practices implementation and 

their relationships with operational responsiveness and company performance: an Italian 

study”, International Journal of Production Research, Vol. 55 No. 3, pp. 769–794. 

 

Bharadwaj, S. and Sundar, S. (2016), “Analysis of significant issues in green lean system in 

small and medium scale enterprises”, International Journal of Research in Mechanical, 

Mechatronics and Automobile Engineering, Vol. 1 No. 4, pp. 154–158. 

 

Bhattacharya, A., Nand, A. and Castka, P. (2019), “Lean-green integration and its impact on 

sustainability performance: a critical review”, Journal of Cleaner Production, Vol. 236, p. 

117697. 

 

Bortolini, M., Ferrari, E., Galizia, F.G. and Mora, C. (2016), “A reference framework 

integrating lean and green principles within supply chain management”, International Journal 

of Social, Behavioral, Educational, Economic, Business and Industrial Engineering, Vol. 10 

No. 3, pp. 844–849. 

 

Bortolotti, T., Danese, P., Flynn, Barbara B and Romano, P. (2015), “Leveraging fitness and 

lean bundles to build the cumulative performance sand cone models”, International Journal of 

Production Economics, Vol. 162, pp. 227–241. doi:10.1016/j.ijpe.2014.09.014. 

Buer, S.V., Semini, M., Strandhagen, J.O. and Sgarbossa, F. (2021), “The complementary 

effect of lean manufacturing and digitalisation on operational performance”, International 

Journal of Production Research, Vol. 59 No. 7, pp.1976-1992. 
 

Cabral, I., Grilo, A. and Cruz-Machado, V. (2012), “A decision-making model for lean, agile, 

resilient and green supply chain management”, International Journal of Production Research, 

Vol. 50 No. 17, pp. 4830–4845. 

 

Cai, W., Lai, K. hung, Liu, C., Wei, F., Ma, M., Jia, S., Jiang, Z. and Lv, L. (2019,) “Promoting 

sustainability of manufacturing industry through the lean energy-saving and emission-

reduction strategy”, Science of the Total Environment, Vol. 665, pp. 23–32. 

doi:10.1016/j.scitotenv.2019.02.069. 

Caiado, R.G.G., de Freitas Dias, R., Mattos, L.V., Quelhas, O.L.G. and Leal Filho, W. (2017), 

“Towards sustainable development through the perspective of eco-efficiency - a systematic 

literature review”, Journal of Cleaner Production, Vol. 165, pp. 890–904. 

 

Campos, L.M.S. and Vazquez-brust, D.A. (2016), “Lean and green practices : are they 

synergic ?”, Supply Chain Management, pp. 1–10. 

 

Carvalho, H., Azevedo, S.G. and Cruz-Machado, V. (2010), “Supply chain performance 

management : lean and green paradigms”, International Journal of Business Performance and 

Supply Chain Modelling, Vol. 2 No. 3/4, pp. 304–333. 

 

Carvalho, H., Machado, V.H., Barroso, A.P., Almeida, D. De and Cruz-machado, V. (2019), 

“Using lean and green indexes to measure companies” performance”, in Lean Engineering for 

Global Development. Springer International Publishing, pp. 293–318. 

 

Carvalho, H., Pimentel, C., Azevedo, S. and Gento, A.M. (2019), “Advanced technologies 

supporting the implementation of lean/green supply chain management practices and its 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-89- 

 

influence on the performance”, in Lecture Notes in Networks and Systems 122 of the 6th 

European Lean Educator Conference, Springer, Cham, pp. 149–157. 

 

Chahal, V. (2012), “An advance lean production system in industry to improve flexibility and 

quality in manufacturing by implementation of FMS & green manufacturing”, International 

Journal of Emerging Technology and Advanced Engineering, Vol. 2 No. 12, pp. 405–408. 

 

Chen, P., Fortuny-santos, J. and Lujan, I. (2019), “Sustainable manufacturing: exploring 

antecedents and influence of total productive maintenance and lean manufacturing”, Advances 

in mechanical engineering, Vol. 11 No. 11, pp. 1–16. doi:10.1177/1687814019889736. 

Cherrafi, A., Elfezazi, S., Chiarini, A., Mokhlis, A. and Benhida, K. (2017a), “Exploring 

critical success factors for implementing green lean six sigma”, in International Manufacturing 

Strategy in a Time of Great Flux, Springer, Cham, pp. 183–195. 

 

Cherrafi, A., Elfezazi, S., Garza-Reyes, J.A., Benhida, K. and Mokhlis, A. (2017b), “Barriers 

in green lean implementation: a combined systematic literature review and interpretive 

structural modelling approach”, Production Planning and Control, Vol. 28 No. 10, pp. 829–

842. 

 

Cherrafi, A., Elfezazi, S., Govindan, K., Garza-reyes, J.A., Benhida, K. and Mokhlis, A. 

(2017c), “A framework for the integration of green and lean six sigma for superior 

sustainability performance”, International Journal of Production Research, Vol. 55 No. 15, 

pp. 4481–4515. 

 

Cherrafi, A., Elfezazi, S., Hurley, B., Garza-Reyes, J.A., Kumar, V., Anosike, A. and Batista, 

L. (2019), “Green and lean: a gemba–kaizen model for sustainability enhancement”, 

Production Planning and Control, Vol. 30 No. 5/6, pp. 385–399. 

 

Cherrafi, A., Garza-Reyes, J.A., Belhadi, A., Kamble, S.S. and Elbaz, J. (2021), “A readiness 

self-assessment model for implementing green lean initiatives”, Journal of Cleaner 

Production, Vol. 309, pp. 1–10. 

 

Cherrafi, A., Garza-reyes, J.A., Kumar, V., Mishra, N. and Ghobadian, A. (2018), “Lean, green 

practices and process innovation : a model for green supply chain performance”, International 

Journal of Production Economics, Vol. 206, pp. 79–92. 

 

Chiarini, A. (2014), “Sustainable manufacturing-greening processes using specific lean 

production tools: an empirical observation from European motorcycle component 

manufacturers”, Journal of Cleaner Production, Vol. 85, pp. 226–233. 

 

Chiet, C.W., Ching, N.T., Huat, S.L., Fathi, M. and Tzuu, T.J. (2019), “The Integration of lean 

and green manufacturing for Malaysian manufacturers: a literature review to explore the 

synergies between lean and green model”, IOP Conference Series: Earth and Environmental 

Science, IOP Publishing, Vol. 268 No. 1, p. 012066. 

 

Chiou, T. Y., Chan, H.K., Lettice, F. and Chung, S.H. (2011), “The influence of greening the 

suppliers and green innovation on environmental performance and competitive advantage in 

Taiwan”, Transportation Research Part E: Logistics and Transportation Review, 47(6), pp. 

822–836. doi: 10.1016/j.tre.2011.05.016. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-90- 

 

Choudhary, S., Nayak, R., Dora, M., Mishra, N. and Ghadge, A. (2019), An integrated lean 

and green approach for improving sustainability performance: a case study of a packaging 

manufacturing SME in the UK, Production planning & control, Vol. 30 No. 5-6, pp.353-368. 

doi: 10.1080/09537287.2018.1501811. 

Chugani, N., Kumar, V., Garza-reyes, J.A., Rocha-lona, L. and Upadhyay, A. (2017), 

“Investigating the green impact of lean, six sigma, and lean six sigma: a systematic literature 

review”, International Journal of Lean Six Sigma, Vol. 8 No. 1. 

 

Cohen J. (1988), “Statistical power analysis for the behavioral sciences”, Hillsdale, Erlbaum. 

Cooke, A., Smith, D. and Booth, A. (2012), “Beyond PICO: the SPIDER tool for qualitative 

evidence synthesis”, Qualitative Health Research, Vol. 22 No. 10, pp. 1435–1443. 

 

Coutinho, R.M., Ceryno, P.S., Maria, L., Campos, D.S. and Bouzon, M. (2019), “A critical 

review on lean green product development : state of art and proposed conceptual framework”, 

Environmental Engineering and Management Journal, Vol. 18 No. 11, pp. 2319–2333. 

 

Dandira, V., Mugwindiri, K. and Chikuku, T. (2012), “A Cleaner Production Exercise of A 

Leather Manufacturing Company : A Zimbabwean Experience”, International Journal of 

Scientific & Technology Research, Vol. 1 No. 11, pp. 97–101. Available at: 

http://www.ijstr.org/final-print/dec2012/A-Cleaner-Production-Exercise-Of-A-Leather-

Manufacturing-Company:-A-Zimbabwean-Experience.pd 

 

David, S.M.C. and Found, P. (2016), “An implementation model for lean and green”, In 

Understanding the Lean Enterprise, Springer, Cham, pp. 1–29. 

 

Dawood, L.M. and Abdullah, Z.H. (2017), “Effect of manufacturing activities on lean - green 

management integration”, In Proceedings of the International Conference on Industrial 

Engineering and Operations Management, Rabat, Morocco, pp. 491–502. 

 

Dawood, L.M. and Abdullah, Z.H. (2018), “Managing waste throughout lean-green 

perspective”, Journal of University of Babylon, Engineering Sciences, Vol. 26 No. 1, pp. 192–

204. 

 

De, D., Chowdhury, S., Dey, P.K. and Ghosh, S.K. (2020), “Impact of lean and sustainability 

oriented innovation on sustainability performance of small and medium sized enterprises: a 

data envelopment analysis-based framework”, International Journal of Production Economics, 

Vol. 219, pp. 416–430. doi:10.1016/j.ijpe.2018.07.003. 

Diabat, A. and Govindan, K. (2011), An analysis of the drivers affecting the implementation 

of green supply chain management. Resources, conservation and recycling, Vol. 55 No. 6, 

pp.659-667. doi: 10.1016/j.resconrec.2010.12.002. 

Dieste, M. and Panizzolo, R. (2019), “The effect of lean practices on environmental 

performance : an empirical study”, in Lean Engineering for Global Development. Springer 

International Publishing, Springer, Cham, pp. 225–258. 

 

Duarte, S., Cabrita, R. and Machado, V.C. (2011), “Exploring lean and green supply chain 

performance using balanced scorecard perspective”, in Proceedings of the 2011 International 

Conference on Industrial Engineering and Operations Management , IEOM Research 

Solutions Pty Ltd, pp. 520–525. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-91- 

 

 

Duarte, S. and Cruz-Machado, V. (2018), “Exploring Linkages Between Lean and Green 

Supply and the Industry 4.0”, In Proceedings of the Eleventh International Conference on 

Management Science and Engineering Management, Springer, Cham, pp. 1242-1252. 

 

Dües, C.M., Tan, K.H. and Lim, M. (2013), “Green as the new lean: how to use lean practices 

as a catalyst to greening your supply chain”, Journal of Cleaner Production, Vol. 40, pp. 93–

100. 

 

Edirisuriya, A., Weerabahu, S. and Wickramarachchi, R. (2019), “Applicability of lean and 

green concepts in logistics 4.0: a systematic review of literature”, In 2018 International 

Conference on Production and Operations Management Society (POMS), IEEE, pp. 1–8. 

 

Engin, B.E., Martens, M. and Paksoy, T. (2015), “Lean and green supply chain management: 

A comprehensive review”, Lean and green supply chain management, pp.1-38. 

 

Etikan, I. and Bala, K. (2017), “Sampling and sampling methods”, Biometrics & Biostatistics 

International Journal, Vol. 5 No. 6, pp. 215–217. 

Famiyeh, S., Adaku, E., Amoako-Gyampah, K., Asante-Darko, D. and Amoatey, C.T. (2018), 

“Environmental management practices, operational competitiveness and environmental 

performance: empirical evidence from a developing country”, Journal of Manufacturing 

Technology Management, Vol. 29 No. 3, pp. 588–607. doi:10.1108/JMTM-06-2017-0124. 

Farias, L.M.S., Santos, L.C., Gohr, Claudia Fabiana and de Oliveira, Lucas Carvalho Amorim, 

M.H. da S. (2019), “Criteria and practices for lean and green performance assessment: 

systematic review and conceptual framework”, Journal of Cleaner Production, Vol. 218, pp. 

746–762. 

 

Farias, L.M.S., Santos, L.C., Gohr, Cláudia Fabiana and Rocha, L.O. (2019), “An ANP-based 

approach for lean and green performance assessment”, Resources, Conservation & Recycling, 

Vol. 143, pp. 77–89. 

 

Farrukh, A., Mathrani, S. and Sajjad, A. (2021), “A natural resource and institutional theory-

based view of green ‐ lean ‐ six sigma drivers for environmental management”, Business 
Strategy and the Environment, Vol. 31 No. 3, pp.1074-1090. 

 

Fercoq, A., Lamouri, S. and Carbone, V. (2016a), “Lean/green integration focused on waste 

reduction techniques”, Journal of Cleaner Production, Vol. 137, pp. 567–578. 

 

Firmansyah, M. A. and Maemunah, S. (2021), “Lean management and green supply chain 

management implementation on the manufacturing and logistics industry at an Indonesia”, 

Business and Entrepreneurial Review, Vol. 21 No. 1, pp. 11–22. doi: 10.25105/ber.v21i1.9141. 

Florescu, A. and Barabaş, B. (2018), “Integrating the Lean concept in sustainable 

manufacturing development”, In IOP Conference Series: Materials Science and Engineering, 

IOP Publishing, Vol. 399 No. 1, p. 012018. 

 

Florida, R. (1996), “Lean and green: The move to environmentally conscious manufacturing”, 

California Management Review, Vol. 39 No. 1, pp. 80–105. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-92- 

 

Fore, S. and Mbohwa, C.T. (2010), “Cleaner production for environmental conscious 

manufacturing in the foundry industry”, Journal of Engineering, Design and Technology, Vol. 

8 No. 3, pp. 314–333. doi:10.1108/17260531011086180. 

Gaikwad, L. and Sunnapwar, V. (2020), “An integrated lean, green and six sigma strategies: a 

systematic literature review and directions for future research”, TQM Journal, Vol. 32 No. 2, 

pp. 201–225. 

 

Galeazzo, A., Furlan, A. and Vinelli, A. (2014), “Lean and green in action : interdependencies 

and performance of pollution prevention projects”, Journal of Cleaner Production, Vol. 85, 

pp. 191–200. 

 

Gandhi, N.S., Thanki, S.J. and Thakkar, J.J. (2018), “Ranking of drivers for integrated lean-

green manufacturing for Indian manufacturing SMEs”, Journal of Cleaner Production, Vol. 

171, pp. 675–689. 

 

Gandhi, S. and Sharma, N. (2014), “Lean manufacturing technology : a way to green business 

practice and sustainable environmental development”, Journal of Economic & Social 

Development, Vol. 10 No. 2, pp. 103–109. 

 

Ganiyu, I.O. (2021), “Flexible work arrangements for green manufacturing”, In Human 

resource management practices for promoting sustainability, IGI Global, pp. 212-228.  

 

Garza-Reyes, J.A. (2015), “Lean and green-a systematic review of the state of the art 

literature”, Journal of Cleaner Production, Vol. 102, pp. 18–29. 

 

Garza-reyes, J.A., Jacques, G.W. and Lim, M.K. (2014), “Lean and green – synergies, 

differences, limitations, and the need for six sigma”, In IFIP International Federation for 

Information Processing, Springer, Berlin, Heidelberg, pp. 71–81. 

 

Ghobadian, A., Talavera, I., Bhattacharya, A., Kumar, V., Garza-Reyes, J.A. and O'regan, N. 

(2020), “Examining legitimatisation of additive manufacturing in the interplay between 

innovation, lean manufacturing and sustainability”, International Journal of Production 

Economics, Vol. 219, pp.457-468. doi:10.1016/j.ijpe.2018.06.001. 

Ghobakhloo, M., Azar, A. and Fathi, M. (2018), “Lean-green manufacturing: the enabling role 

of information technology resource”, Kybernetes, Vol. 47 No. 9, pp. 1752–1777. 

 

Godinho Filho, M., Ganga, G. M. D. and Gunasekaran, A. (2016), “Lean manufacturing in 

Brazilian small and medium enterprises: implementation and effect on performance”, 

International Journal of Production Research, Vol. 54 No. 24, pp. 7523–7545. doi: 

10.1080/00207543.2016.1201606. 

Goriwondo, W.M. and Maunga, N. (2012), “Lean Six Sigma Application for Sustainable 

Production : A Case Study for Margarine Production in Zimbabwe”, International Journal of 

Innovative and Exploring Engineering, Vol. 1 No. 5, pp. 87–96. 

Goriwondo, W.M., Mhlanga, S. and Kazembe, T. (2011a), “Optimizing a production system 

using tools of total productive maintenance: Datlabs Pharmaceuticals as a case study”, pp. 

1139–1144. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-93- 

 

Goriwondo, W.M., Mhlanga, S. and Marecha, A. (2011b), “Use of the value stream mapping 

tool for waste reduction in manufacturing. case study for bread manufacturing in Zimbabwe”, 

in Proceedings of the 2011 International Conference on Industrial Engineering and 

Operations Management, pp. 161–192. doi:10.1201/9781315372679-7. 

Govindan, K., Diabat, A. and Shankar, K.M. (2015), “Analyzing the drivers of green 

manufacturing with fuzzy approach”, Journal of Cleaner Production, Vol. 96, pp.182-193. 

Green, K.W., Zelbst, P.J., Meacham, J. and Bhadauria, V.S. (2012), “Green supply chain 

management practices: impact on performance”, Supply Chain Management: An International 

Journal. doi:10.1108/13598541211227126. 

Green, K.W., Inman, R.A., Sower, V.E. and Zelbst, P.J. (2018), “Impact of JIT, TQM and 

green supply chain practices on environmental sustainability”, Journal of Manufacturing 

Technology Management, Vol. 30 No. 1, pp. 26–47. 

 

Haddach, A., Allal, L. Ben, Laglaoui, A. and Ammari, M. (2017), “Alliance of lean and green 

in company : a literature review and future research”, International Journal of Engineering 

Science Invention, Vol. 6 No. 7, pp. 26–31. 

 

Hair, J.F., Babin, B.J., Anderson, R.E. and Black, W.C. (2014), “Multivariate data analysis”, 

7th Pearson new international ed, Harlow, Pearson 

Hair, J.F.J., Hult, T.G.M., Ringle, C. and Sarstedt, M. (2017), A Primer on Partial Least 

Squares Structural Equation Modeling (PLS-SEM), Sage Publications. 

Hall, R.W. (2009), Compression: Meeting the challenges of sustainability through vigorous 

learning enterprises, CRC press. 

 

Hallam, C. and Contreras, C. (2016a), “Integrating lean and green management”, Management 

Decision, Vol. 54 No. 9, pp. 2157–2187. 

 

Hallam, C.R.. and Contreras, C. (2016b), “The interrelation of lean and green manufacturing 

practices: a case of push and pull in implementation”, In 2016 Proceedings of PICMET “16: 

Technology Management for Social Innovation, IEEE, pp. 1815–1823. 

 

Hammadi, S. and Herrou, B. (2018), “Lean maintenance logistics management: the key to 

green and sustainable performance”, In 4th IEEE International Conference on Logistics 
Operations Management (GOL), IEEE, pp. 1–6. 

 

Harikannan, N., Palpandi, M. and Rajasuthan, K. (2018), “Enablers and barriers for integrated 

lean-green-agile manufacturing systems”, International Journal of Mechanical Engineering 

and Technology, Vol. 9 No. 11, pp. 320–324. 

 

Harisekar, V. (2021), Increasing sustainability performance in a SME focusing on lean and 

green. 

 

Hartini, S., Wicaksono, P.A., Rizal, A.M.. and Hamdi, M. (2021), “Integration lean 

manufacturing and 6R to reduce wood waste in furniture company toward circular economy”, 

In IOP Conference Series: Materials Science and Engineering, IOP Publishing, Vol. 1072 No. 

1, p. 012067. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-94- 

 

Hasan, A., Murni, Junita and Rahmi, I. (2021), “Ranking of drivers and barriers for the green 

management implementation at MSME in Banda Aceh City, Indonesia”, In Proceedings of the 

2nd Borobudur International Symposium on Science and Technology (BIS-STE 2020), Atlantis 

Press, pp. 52–61. 

 

Hasan, Z. and Ali, N.A. (2015), “The impact of green marketing strategy on the firm”s 

performance in Malaysia”, Procedia - Social and Behavioral Sciences, Vol. 172, pp. 463–470. 

doi:10.1016/j.sbspro.2015.01.382. 

Hassan, A.S. and Jaaron, A.A.M. (2021), “Total quality management for enhancing 

organizational performance: the mediating role of green manufacturing practices”, Journal of 

Cleaner Production, Vol 308, p.127366. 
 

Hernandez-Matias, J. C., Ocampo, J.R., Hidalgo, A. and Vizan. A. (2019), “Lean 

manufacturing and operational performance: interrelationships between human-related lean 

practices”, Journal of Manufacturing Technology Management, Vol. 31 No. 2, pp. 217–235. 

doi: 10.1108/JMTM-04-2019-0140. 

Huo, B., Gu, M. and Wang, Z. (2019), “Green or lean? A supply chain approach to sustainable 

performance”, Journal of Cleaner Production, Vol. 216, pp. 152–166. 

 

Hussain, K., He, Z., Ahmad, N., Iqbal, M. and Taskheer mumtaz, S.M. (2019), “Green, lean, 

six sigma barriers at a glance: a case from the construction sector of Pakistan”, Building and 

Environment, Vol. 161, p. 106225. 

 

Hussain, M., Al-Aomar, R. and Melhem, H. (2019), “Assessment of lean-green practices on 

the sustainable performance of hotel supply chains”, International Journal of Contemporary 

Hospitality Management, Vol. 31 No. 6, pp. 2448–2467. doi:10.1108/IJCHM-05-2018-0380. 

Ikatrinasari, Z.F., Hasibuan, S. and Kosasih, K. (2018), “The implementation lean and green 

manufacturing through sustainable value stream mapping”, In IOP Conference Series: 

Materials Science and Engineering, IOP Publishing, Vol. 453 No. 1, p. 012004. 

 

Indah, A.B.R., Nurwahidah, A., Mangngenre, S., Ikasari, N. and Afifudin, M.T. (2020), “A 

review of the combination of lean and green in manufacturing for sustainable development”, 

In IOP Conference Series: Earth and Environmental Science, IOP Publishing, Vol. 575 No. 1, 

p. 012066.  

 

Inman, R.A. and Green, K.W. (2018), “Lean and green combine to impact environmental and 

operational performance”, International Journal of Production Research, Vol. 7543, pp. 1–17. 

 

Iranmanesh, M., Zailani, S., Hyun, S.S., Ali, M.H. and Kim, K. (2019), “Impact of lean 

manufacturing practices on firms’ sustainable performance: Lean culture as a moderator”, 

Sustainability, Vol. 11 No. 4, p.1112. doi: 10.3390/su11041112. 

Jabbour, C.J.C., de Sousa Jabbour, A.B.L., Govindan, K., De Freitas, T.P., Soubihia, D.F., 

Kannan, D. and Latan, H. (2016), Barriers to the adoption of green operational practices at 

Brazilian companies: effects on green and operational performance, International Journal of 

Production Research, Vol. 54 No. 10, pp.3042-3058. doi: 10.1080/00207543.2016.1154997. 

Jabbour, C.J.C., de Sousa Jabbour, A.B.L., Govindan, K., Teixeira, A.A. and de Souza Freitas, 

W.R. (2013), Environmental management and operational performance in automotive 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-95- 

 

companies in Brazil: the role of human resource management and lean manufacturing, Journal 

of Cleaner Production, Vol. 47, pp.129-140. doi: 10.1016/j.jclepro.2012.07.010. 

Jaiswal, P. and Kumar, A. (2018), “Assessment of drivers to implement integrated lean green 

manufacturing system in Indian SMEs through IF-TOPSIS approach”, International Journal 

of Management and Decision Making, Vol. 17 No. 2, pp. 224–243. 

 

Jbira, K., Hlyal, M. and El Alami, J. (2020), “Integration of lean management for the growth 

of green manufacturing”, In IOP Conference Series: Materials Science and Engineering, IOP 

Publishing, Vol. 827 No. 1, p. 012027.  

 

Johansson, G. and Sundin, E. (2014), “Lean and green product development: two sides of the 

same coin?”, Journal of Cleaner Production, Vol 85, pp. 104-121. 

 

Johansson, G. and Winroth, M. (2009), “Lean vs Green manufacturing : Similarities and 

differences”, In Proceedings of the 16th International Annual EurOMA Conference, 

Implementation Realizing Operations Management Knowledge, Göteborg, Sweden. 

 

Judith, M.Z. and Gardens, M. (2012), “Employee empowerment and organizational 

commitment: a study of the food manufacturing sector in Zimbabwe”, African Journal of 

Business Management, Vol. 6 No. 38, pp. 10332–10339. doi:10.5897/AJBM12.683. 

Kamble, S., Gunasekaran, A. and Dhone, N. C. (2020), “Industry 4.0 and lean manufacturing 

practices for sustainable organisational performance in Indian manufacturing companies”, 

International Journal of Production Research, Vol. 58 No. 5, pp. 1319-1337. doi: 

10.1080/00207543.2019.1630772. 

Kanafani, J.A. (2015), Barriers to the implementation of lean thinking in the construction 

industry–the case of UAE, Master of Business Administration, Master thesis, University of 

Leicester, Leicester, UK.. 

Kaswan, M.S. and Rathi, R. (2019), “Analysis and modeling the enablers of green lean six 

sigma implementation using interpretive structural modeling”, Journal of Cleaner Production, 

Vol. 231, pp. 1182–1191. 

 

Kaswan, M.S. and Rathi, R. (2020a), “Green lean six sigma for sustainable development: 

integration and framework”, Environmental Impact Assessment Review, Vol. 83, p. 106396. 

 

Kaur, J., Sidhu, R., Awasthi, A., Chauhan, S. and Goyal, S. (2018), A DEMATEL based 

approach for investigating barriers in green supply chain management in Canadian 

manufacturing firms, International Journal of Production Research, Vol. 56 No. 1-2, pp.312-

332. doi: 10.1080/00207543.2017.1395522. 

Kaswan, M.S. and Rathi, R. (2020b), “Investigating the enablers associated with 

implementation of green lean six sigma in manufacturing sector using best worst method”, 

Clean Technologies and Environmental Policy, Vol. 22 No. 4, pp. 865–876. 

 

Kaswan, Mahender Singh Rathi, R., Garza-Reyes, J., Arturo and Antony, J. (2020), 

“Exploration and investigation of green lean six sigma adoption barriers for manufacturing 

sustainability exploration and investigation of green lean six sigma adoption”, IEEE 

Transactions on Engineering Management, pp. 1–15. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-96- 

 

Kelendar, H., Faisal, M., McIntosh, B., Mohammed and A, M. (2020), “The use of lean 

methodology in healthcare settings in developing countries: a narrative review”, British 

Journal of Healthcare Management, Vol. 26 No. 6, pp. 1–13. 

 

Khalfallah, M. and Lakhal, L. (2020), “The impact of lean manufacturing practices on 

operational and financial performance: the mediating role of agile manufacturing”, 

International Journal of Quality and Reliability Management, Vol. 38 No. 1, pp. 147–168. doi: 

10.1108/IJQRM-07-2019-0244. 

Khan, S.A.R., Jian, C., Yu, Z. and Golpîra, H. (2019), “Impact of green practices on Pakistani 

manufacturing firm performance: a path analysis using structural equation modeling”, in 

Computational intelligence and sustainable systems, Springer, Cham, pp. 87-97. 

Kim, N.S., Janic, M. and Wee, B. Van (2009), “Trade-off between carbon dioxide emissions 

and logistics costs based on multiobjective optimization”, Transportation Research Record, 

Vol. 2139 No. 1, pp.107-116. 

 

King, A.A. and Lenox, M.J. (2001), “Lean and green ? an empirical examination of the 

relationship between lean production and environmental performance”, Production and 

operations management, Vol. 10 No. 3, pp. 244–256. 

 

Kipper, L.M., Reis, L.V., Hoffmann, N., Forno, A.J.D. and Giraldo, F.D. (2018), “Lean and 

green indicators: an application in the coffee sector”, Agricultural Research & Technology: 

Open Access Journal, Vol. 17 No. 1, p. 556012. 

 

Kovilage, M.P. (2021), “Influence of lean–green practices on organizational sustainable 

performance”, Journal of Asian Business and Economic Studies, Vol. 28 No. 2, pp. 121–142. 

 

Kumar, M. and Rodrigues, V.S. (2020), “Synergetic effect of lean and green on innovation: a 

resource-based perspective”, International Journal of Production Economics, Vol. 219, pp. 

469–479. 

Kumar, R. (2017), “Impact of lean manufacturing on organisational performance of Indian 

industries”, Doctoral dissertation, JC Bose University. 

Kumar, S., Kumar, N. and Haleem, A. (2015), “Conceptualisation of sustainable green lean six 

sigma: an empirical analysis”, International Journal of Business Excellence, Vol. 8 No. 2, pp. 

210–250. 

 

Kuo, S. Y. and Lin, P. C. (2020), “Determinants of green performance in container terminal 

operations: a lean management”, Journal of Cleaner Production, Vol. 275, p. 123105. doi: 

10.1016/j.jclepro.2020.123105. 

Kuppusamy, B., Bangaru, M., Santhanam, S. and Viswanathan, D. (2017), “Evaluation and 

identification of lean-green resourced person (LGRP) for integrating and implementing lean 

and green practices in a manufacturing industry”, In Proceedings of the ASME 2016 

International Mechanical Engineering Congress and Exposition, American Society of 

Mechanical Engineers, Vol. 50527, p. V002T02A037. 

 

Kurdve, M. and Bellgran, M. (2021), “Green lean operationalisation of the circular economy 

concept on production shop floor level”, Journal of Cleaner Production, Vol. 278, p. 123223. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-97- 

 

Lartey, T., Yirenkyi, D.O., Adomako, S., Danso, A., Amankwah-Amoah, J. and Alam, A. 

(2020), “Going green, going clean: lean-green sustainability strategy and firm growth”, 

Business Strategy and the Environment, Vol. 29 No. 1, pp. 118–139. 

 

Leme, R.D., Nunes, A.O., Message Costa, L.B. and Silva, D.A.L. (2018), “Creating value with 

less impact: lean, green and eco-efficiency in a metalworking industry towards a cleaner 

production”, Journal of Cleaner Production, Vol. 196, pp. 517–534. 

 

Leong, W.D., Lam, H.L., Ng, W.P.Q., Lim, C.H., Tan, C.P. and Ponnambalam, S.G. (2019a), 

“Lean and green manufacturing—a review on its applications and impacts”, Process 

Integration and Optimization for Sustainability, Vol. 3 No. 1, pp. 5–23. 

 

Leong, W.D., Lam, H.L., Tan, C.P. and Ponnambalam, S.G. (2021), “The Performance of 

Adaptive Approach in Lean and Green Operations”, In MATEC Web of Conferences, EDP 

Sciences, Vol. 333, p. 06006.  

 

Leong, W.D., Teng, S.Y., How, B.S., Ngan, S.L., Lam, H.L., Tan, C.P. and Ponnambalam, 

S.G. (2019b), “Adaptive analytical approach to lean and green operations”, Journal of Cleaner 

Production, Vol. 235, pp. 190–209. 

 

Leong, W.D., Teng, S.Y., How, B.S., Ngan, S.L., Rahman, A.A., Tan, C.P., Ponnambalam, 

S.G. and Lam, H.L. (2020), “Enhancing the adaptability: lean and green strategy towards the 

industry revolution 4.0”, Journal of Cleaner Production, Vol. 273, p. 122870. 

 

Lerher, T., Pejić, V., Jereb, B., Kramberger, T. and Rosi, B. (2016), “Lean and green logistics: 

a theoretical framework approach”, In 13th International Conference on Industrial Logistics, 

ICIL 2016 - Conference Proceedings, pp. 136–143. 

 

Li, G., Lim, M. K. and Wang, Z. (2019), “Stakeholders, green manufacturing, and practice 

performance : empirical evidence from Chinese fashion businesses”, Annals of Operations 

Research, Vol. 290 No. 1, pp.961-982. doi: 10.1007/s10479-019-03157-7. 

Li, Y. (2014), “Environmental innovation practices and performance: moderating effect of 

resource commitment”, Journal of Cleaner Production, Vol. 66, pp.450-458. doi: 

10.1016/j.jclepro.2013.11.044. 

Lindblom, H. and Stenqvist, C. (2007), “SKF Freight Transports and CO2 emissions a Study 

in Environmental Management Accounting”. 

 

Logesh, B., Nagaraj, P., Sankaran, P.S. and Raj, N.A. (2017), “A review on implementation of 

lean manufacturing techniques in manufacturing industry to deploy green manufacturing 

through reduction of hazardous waste”, International Research Journal of Engineering and 

Technology, Vol. 4 No. 11, pp. 2395–56. 

 

Logesh, M. and Balaji, B. (2020), “Experimental investigations to deploy green manufacturing 

through reduction of waste using lean tools in electrical components manufacturing company”, 

International Journal of Precision Engineering and Manufacturing-Green Technology, Vol. 8 

No. 2, pp. 365-374. 

 

Luis, L., Negrão, L., Beatriz, A., Sousa, L. De, Filho, M.G., José, C., Jabbour, C. and Miller, 

G. (2020), “The management of operations lean manufacturing and business performance: 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-98- 

 

testing the S-curve theory”, Production Planning & Control, Vol. 31 No. 10, pp. 771–785. 

 

Luthra, S., Garg, D. and Haleem, A. (2015), “An analysis of interactions among critical success 

factors to implement green supply chain management towards sustainability: An Indian 

perspective”, Resources Policy, Vol. 46 No. 1, pp. 37-50. 

Luthra, S., Kumar, V., Kumar, S. and Haleem, A. (2011), “Barriers to implement green supply 

chain management in automobile industry using interpretive structural modeling technique: an 

Indian perspective”, Journal of Industrial Engineering and Management (JIEM), Vol. 4 No 2, 

pp.231-257. doi: 10.3926/jiem.2011.v4n2.p231-257. 

Machingura, T. and Zimwara, D. (2020), Green manufacturing implementation in Zimbabwe : 

an assessment of current issues, Zimbabwe Journal of Science and Technology, Vol 15, pp. 68–

79. 

Madanhire, I. and Mbohwa, C. (2016), “Application of just in time as a total quality 

management tool: the case of an aluminium foundry manufacturing”, Total Quality 

Management and Business Excellence, Vol. 27 No. 1–2, pp. 184–197. doi: 

10.1080/14783363.2014.969909. 

Madanhire, I. and Mbohwa, C. (2016b), “Application of Statistical Process Control (SPC) in 

Manufacturing Industry in a Developing Country”, Procedia CIRP, Vol. 40, pp. 580–583. 

doi:10.1016/j.procir.2016.01.137. 

Madanhire, I. and Mugwindiri, K. (2012), “Assessment and implementation of cleaner 

production practices in petroleum lubricants industry value chain in Zimbabwe”, International 

Journal of Science and Research, Vol. 1 No. 3, pp. 95–103. 

Mafini, C. and Loury-Okoumba, W. V. (2018), “Extending green supply chain management 

activities to manufacturing small and medium enterprises in a developing economy”, South 

African Journal of Economic and Management Sciences, Vol. 21 No. 1, pp. 1–12. 

doi:10.4102/sajems.v21i1.1996. 

Mafini, C. and Muposhi, A. (2017), “The impact of green supply chain management in small 

to medium enterprises: cross-sectional evidence”, Journal of Transport and Supply Chain 

Management, Vol. 11 No.1, pp. 1–11. doi:10.4102/jtscm.v11i0.270. 

Marodin, G.A., Frank, A.G., Tortorella, G.L. and Fetterman, D.C. (2019), “Lean production 
and operational performance in the Brazilian automotive supply chain”, Total Quality 

Management and Business Excellence, Vol. 30 No. 3–4, pp. 370–385. 

doi:10.1080/14783363.2017.1308221. 

Masike, R. and Chimbadzwa, M. J. (2013), “Cleaner production options in sand casting 

foundries”, International Journal of Sustainable Energy and Environment , Vol. 1 No. 3, pp. 

25–47. 

Mathiyazhagan, K., Haq, A.N., Mohapatra, A. and Srinivasan, P. (2017), “Application of 

structural equation modelling to evaluate the barrier relationship for green supply chain 

management implementation”, International Journal of Business Performance and Supply 

Chain Modelling, Vol. 9 No. 2, pp.87-116. 

Matipira, L. and Murambiwa Magaisa, G. (2019), “Small and medium enterprises development 

in Zimbabwe”, Article in International Journal of Management and Social Sciences , Vol. 6 

No. 2, pp. 16–19.  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-99- 

 

Marco-Ferreira, A., Stefanelli, N.O., Seles, B.M.R.P. and Fidelis, R. (2019), “Lean and green: 

practices, paradigms and future prospects”, Benchmarking, Vol. 27 No. 7, pp. 2077–2107. 

 

Maware, C. and Adetunji, O. (2018), “Lean Impact Analysis Assessment Models : 

Development of a Lean Measurement Structural Model”, World Academy of Science, 

Engineering and Technology International Journal of Mechanical and Mechatronics 

Engineering, Vol. 12 No. 5, pp. 554–561. 

 

Maware, C. and Parsley, D.M. (2022), “The challenges of lean transformation and 

implementation in the manufacturing sector”, Sustainability, Vol. 14 No. 10, p. 6287. 

 

Mbohwa, C. (2002), “Green manufacturing/cleaner production in Zimbabwe: learning from 

Japanese experiences”, in The Africa Japan Forum, pp. 1–10. 

Michlak, K. and Schucht, S. (2004), “Economic aspects of environmental compliance 

assurance”, in OECD Proceedings, Global Forum on Sustainable Development, pp. 23-30. 

Mishra, M.N. (2018), “Identify critical success factors to implement integrated green and lean 

six sigma”, International Journal of Lean Six Sigma [Preprint]. 

 

Mittal, V.K. and Sangwan, K.S. (2014), “Prioritizing barriers to green manufacturing: 

environmental, social and economic perspectives”, Procedia Cirp, Vol. 17, pp.559-564. doi: 

10.1016/j.procir.2014.01.075. 

Mittal, V.K. and Sangwan, K.S. (2014), “Development of a model of barriers to 

environmentally conscious manufacturing implementation”, International Journal of 

Production Research, Vol. 52 No. 2, pp.584-594. doi: 10.1080/00207543.2013.838649. 

Mittal, V.K., Sindhwani, R. and Kapur, P.K. (2016), “Two-way assessment of barriers to lean-

Green manufacturing system: insights from India”, International Journal of Systems Assurance 

Engineering and Management, Vol. 7 No. 4, pp. 400–407. 

 

Möldner, A.K., Garza-Reyes, J.A. and Kumar, V. (2020), “Exploring lean manufacturing 

practices” influence on process innovation performance”, Journal of Business Research, Vol. 

106, pp.233-249. doi:10.1016/j.jbusres.2018.09.002. 

Mollenkopf, D., Stolze, H., Tate, W.L. and Ueltschy, M. (2010), “Green, lean, and global 

supply chains”, International Journal of Physical Distribution and Logistics Management, 

Vol. 40 No. 1/2, pp. 14–41. 

 

Moro, S.R., Cauchick-miguel, P.A. and Campos, L.M.S. (2019), “Product-service systems 

towards eco-effective production patterns: a lean-green design approach from a literature 

review”, Total Quality Management & Business Excellence, Vol. 32 No. 9/10, pp. 1046-1064. 

 

Moshood, T.D., Nawanir, G. and Mahmud, F. (2021), “Sustainability of biodegradable plastics: 

a review on social, economic, and environmental factors”, Critical reviews in biotechnology, 

Vol. 42 No. 6, pp. 892-912. 

 

Moshood, T.D., Nawanir, G., Sorooshian, S. and Mahmud, F. (2020), “Barriers and benefits of 

ICT adoption in the Nigerian construction industry. A comprehensive literature review”, 

Applied system innovation, Vol. 3 No. 4, p. 46. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-100- 

 

Muchaendepi, W., Mbohwa, C., Hamandishe, T., and Kanyepe, J. (2019), “Inventory 

management and performance of SMEs in the manufacturing sector of Harare”, Procedia 

Manufacturing, Vol. 33, pp. 454–461. doi: 10.1016/j.promfg.2019.04.056. 

Mudgal, R. K., Shankar, R., Talib, P. and Raj, T. (2009), “Greening the supply chain practices: 

an Indian perspective of enablers’ relationships”, International Journal of Advanced 

Operations Management, Vol. 1 No. 2-3, p. 151. doi: 10.1504/ijaom.2009.030671. 

Murillo-Luna, J. L., Garcés-Ayerbe, C. and Rivera-Torres, P. (2011), “Barriers to the adoption 

of proactive environmental strategies”, Journal of Cleaner Production, Vol. 19 No. 13, pp. 

1417–1425. doi: 10.1016/j.jclepro.2011.05.005. 

Mutubuki, G. and Chirinda, G. (2021), “Green Manufacturing for waste reduction in the food 

industry”, in Proceedings of the 2nd African International Conference on Industrial 

Engineering and Operations Management, Harare, Zimbabwe, December 7-10, 2020. 

Nallusamy, S., Dinagaraj, G.B., Balakannan, K. and Satheesh, S. (2015), “Sustainable green 

lean manufacturing practices in small scale industries - a case study”, International Journal of 

Applied Engineering Research, Vol. 10 No. 62, pp. 143–146. 

 

Narkhede, B.E., Raut, R.D., Roy, M., Yadav, V.S. and Gardas, B. (2020), “Implementation 

barriers to lean-agile manufacturing systems for original equipment manufacturers: an 

integrated decision-making approach”, The International Journal of Advanced Manufacturing 

Technology, Vol. 108 No. 9, pp.3193-3206. doi: https://doi.org/10.1007/s00170-020-05486-5. 

Nawanir, G., Lim, K.T., Lee, K.L., Moshood, T.D. and Ahmad, A.N.A. (2020), “Less for more: 

the structural effects of lean manufacturing practices on sustainability of manufacturing SMEs 

in Malaysia”, International Journal of Supply Chain Management, Vol. 2 No. 2, pp.961-975.  

Nawanir, G., Teong, L. K. and Othman, S. N. (2013), “Impact of lean practices on operations 

performance and business performance: some evidence from Indonesian manufacturing 

companies”, Journal of Manufacturing Technology Management. doi: 10.1108/JMTM-03-

2012-0027. 

Negrão, L.L.L., Godinho Filho, M. and Marodin, G. (2017), “Lean practices and their effect 

on performance: a literature review”, Production Planning & Control, Vol. 28 No. 1, pp.33-

56. 

Ngwenya, B., Sibanda, V. and Matunzeni T. (2016), “Challenges and benefits of total quality 

management (TQM) implementation in manufacturing companies: a case study of delta 

beverages, in Zimbabwe”, International Journal of Original Research, Vol. 2 No. 6, pp. 296-

307. 

Núñez-merino, M. et al. (2020), “Information and digital technologies of Industry 4.0 and Lean 

supply chain management: a systematic literature review”, International Journal of Production 

Research, Vol. 7543, pp. 1–28. doi:10.1080/00207543.2020.1743896. 

Nunnally, J. C. (1978), Psychometric Theory, 2d ed., McGraw-Hill, New York. 

Nyakuwanika, M., van der Poll, H.M. and van der Poll, J.A. (2021), “A conceptual framework 

for greener goldmining through environmental management accounting practices (EMAPs): 

The case of Zimbabwe”, Sustainability, Vol. 13 No. 18, p.10466. 

Nyoni, N. Chikuku, T. and Musaidzi, H. (2011), “The role of green manufacturing / cleaner 

production in obtaining ISO 14001 certification for tobbacoo processing companies in 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-101- 

 

Zimbabwe”, ISEM. 

Oliveira, G.A., Tan, K.H. and Guedes, B.T. (2018), “Lean and green approach: an evaluation 

tool for new product development focused on small and medium enterprises”, International 

Journal of Production Economics, Vol. 205, pp. 62–73. 

 

Osman, A.A., Othman, A.A. and Abdul Rahim, M.K.I. (2020), Lean Manufacturing Adoption 

in Malaysia: A Systematic Literature Review, International Journal of Supply Chain, 

Operation Management and Logistics, Vol. 1 No. 1, pp.01-35. doi: 10.35631/ijscol.11001. 

Pampanelli, A.. (2015), “A Lean & Green Model for a Value Stream”, In Proceeding of 5th 

International Workshop | Advances in Cleaner Production – Academic Work, pp. 1–13. 

 

Pampanelli, A., Trivedi, N. and Found, P. (2016), The green factory creating lean and 

sustainable manufacturing, CRC Press. 

 

Pampanelli, A.B., Found, P. and Bernardes, A.M. (2011), “A lean and green kaizen model”, In 

2011 POMS Annual Conference, pp. 29. 

 

Pampanelli, A.B., Found, P. and Bernardes, A.M. (2014), “A lean & green model for a 

production cell”, Journal of Cleaner Production, Vol. 85, pp. 19–30. 

 

Pampanelli, A.B., Found, P. and Bernardes, A.M. (2015), “Sustainable manufacturing: the lean 

and green business model”, Sustainable operations management, Vol. 44, pp. 131–161. 

 

Parveen, C.M., Kumar, A.R.P. and Rao, T.V.V.L.N. (2011), “Integration of lean and green 

supply chain - impact on manufacturing firms in improving environmental efficiencies”, IEEE, 

pp. 143–147. 

 

Pipatprapa, A., Huang, H. and Huang, C. (2016), “A novel environmental performance 

evaluation of Thailand's food industry using structural equation modeling and fuzzy analytic 

hierarchy techniques”, Sustainability, Vol. 8, p. 246. doi: 10.3390/su8030246. 

Piprani, A.Z., Aziz, A. and Ahmad, Z. (2021), “Prioritising lean, agile, resilient and green 

supply chain practices: an application of analytical hierarchy process (AHP) in FMCG sector 

of Pakistan”, ISR Management and Social Sciences & Economics, Vol. 19 No. 2, pp.1-16. 

 

Prasad, S., Khanduja, D. and Sharma, S.K. (2015), “An empirical study on applicability of lean 

and green practices in the foundry industry”, Journal of Manufacturing Technology 

Management, Vol. 27 No. 3, pp. 408–426. 

 

Prasad, S. and Sharma, S.K. (2014), “Lean and green manufacturing: concept and its 

implementation in operations management”, International Journal of Advanced Mechanical 

Engineering, Vol. 4 No. 5, pp. 509–514.  

 

Prasetyawan, Y. (2016), “Defining technology strategy for small to medium enterprise within 

lean and green manufacturing framework”, In Proceeding of 9th International Seminar on 

Industrial Engineering and Management, pp. 1–7. 

 

Queiroz, G., Cobra, R.L.R.., Guardia, M Oliveira, J.A., Ometto, A.R. and Esposto, K.F. (2015), 

“The use of lean manufacturing practices in cleaner production: a systematic review”, In 5th 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-102- 

 

International Workshop Advances in Cleaner Production, pp. 1–11. 

 

Qureshi, M. I., Rasli, A., Jusoh, A. and Kowang T.O. (2015), “Sustainability: a new 

manufacturing paradigm”, Jurnal Teknologi (Sciences and Engineering), Vol. 77 No. 22, pp. 

47–53. doi: 10.11113/jt.v77.6661. 

Rachid, B. and Ayyad, C. (2017), “Supply chain improvement in LARG (lean, agile, resilient, 

green) context: a risk management approach”, In 6th IEEE International Conference on 

Advanced Logistics and Transport, IEEE, pp. 212–220. 

 

Rad, A.P. and Azizi, A. (2021), “History will repeat: industry 4.0 brought lean, agile, resilience 

and green”, Research Journal of Nanoscience and Engineering, Vol. 5 No. 1, pp. 9–14. 

 

Rahman, M. and Ogunleye, J. (2019), “A lean, green and six sigma (LG6σ) for SMEs in the 

leather industry in Bangladesh”, International Journal of Entrepreneurship and Innovation, 

Vol. 7 No. 2, pp. 42–66. 

 

Ramos, A.R., Ferreira, C.E., Kumar, V., Garza-Reyes, J.A. and Cherrafi, A. (2018), “A lean 

and cleaner production benchmarking method for sustainability assessment: a study of 

manufacturing companies in Brazil”, Journal of Cleaner Production, Vol. 177, pp. 218–231. 

 

Raut, R.D., Kumar, S., Narwane, V.S., Dora, M. and Liu, M. (2021), “Big data analytics as a 

mediator in lean, agile, resilient, and green (LARG) practices effects on sustainable supply 

chains”, Transportation Research Part E: Logistics and Transportation Review, Vol. 145, p. 

102170. 

 

Rehman K.S.A. and Yu, Z. (2021), “Assessing the eco-environmental performance: an PLS-

SEM approach with practice-based view”, International Journal of Logistics Research and 

Applications, Vol. 24 No. 3, pp. 303-321. 

Rehman, M.A., Seth, D. and Shrivastava, R.L. (2016), “Impact of green manufacturing 

practices on organisational performance in Indian context: an empirical study”, Journal of 

cleaner production, Vol. 137, pp.427-448.  

Rehman, M.A.A., Shrivastava, R.R. and Shrivastava, R.L. (2013), “Validating green 

manufacturing (GM) framework for sustainable development in an Indian steel industry”, 

Universal Journal of Mechanical Engineering, Vol. 1 No. 2, pp. 49–61. 

doi:10.13189/ujme.2013.010204. 

Reis, L.V., Giraldo, F. and Kipper, L. (2017), “Online platform for measuring the lean/green 

maturity level based on the SLG method”, in Proceedings of the International Conference on 

Industrial Engineering and Operations Management, pp. 1001–1006. 

 

Rezende, M.D.O., Saade, R.M.M., Nunes, A.O., da Silva, V.G., Moris, V.A.S. and Silva, 

D.A.L. (2021), “A Lean & Green approach for the eco-efficiency assessment on construction 

sites: description and case study”, Research Square, pp. 1–32. 

 

Ribeiro, T.B.A. (2021), Analysis of the impact of lean and green practices in manufacturing 

companies: an exploratory study, Doctoral dissertation, Universidade de Coimbra. 

 

Rodrigues, H.S., Alves, W. and Silva, Â. (2020), “The impact of lean and green practices on 

logistics performance : a structural equation modelling”, Production, Vol. 30, pp. 1–14. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-103- 

 

Rothenberg, S., Pil, F.K. and Maxwell, J. (2001), “Lean, green, and the quest for superior 

environmental performance”, Production and operations management, Vol. 10 No. 3, pp. 228–

243. 

 

Ruiz-Benitez, R., López, C. and Real, J.C. (2017), “Environmental benefits of lean, green and 

resilient supply chain management: the case of the aerospace sector”, Journal of Cleaner 

Production, Vol. 167, pp. 850–862. 

 

Sabadka, D. (2014), “Innovation lean principles in automotive green manufacturing”, Acta 

logistica, Vol. 1 No. 4, pp. 23–27. 

 

Saini, S. and Singh, D. (2022), “Lean manufacturing practices for enhancing firm performance 

in medium enterprises: a case study from Indian context”, International Journal of Productivity 

and Quality Management, Vol. 35 No. 3, pp.352-382. 
 

Sajan, M.P., Shalij, P.R., Ramesh, A. and Biju, A.P. (2017), “Lean manufacturing practices in 

Indian manufacturing SMEs and their effect on sustainability performance”, Journal of 

Manufacturing Technology Management, Vol. 28 No. 6, pp. 772–793. 

 

Salvador, R., Vetroni, M., Elias, G., Godoi, K., Mierlo, V., Moro, C., Carlos, A. and Francisco, 

D. (2021), “Towards a green and fast production system: integrating life cycle assessment and 

value stream mapping for decision making”, Environmental Impact Assessment Review, Vol. 

87, p. 106519. 

 

Santos Bento, G. dos and Tontini, G. (2018), “Developing an instrument to measure lean 

manufacturing maturity and its relationship with operational performance”, Total Quality 

Management and Business Excellence, Vol. 29 No. 9–10, pp. 977–995. 

doi:10.1080/14783363.2018.1486537. 

Sarhan, S. and Fox, A. (2013), Barriers to implementing lean construction in the UK 

construction industry. The Built & Human Environment Review, Vol. 6, pp. 1–17. 

Sartal, A., Llach, J., Vázquez, X.H. and de Castro, R. (2017), “How much does lean 

manufacturing need environmental and information technologies?”, Journal of Manufacturing 

Systems, Vol. 45, pp. 260–272. 

 

Sawhney, R., Teparakul, P., Bagchi, A. and Li, X. (2007), “En-Lean: a framework to align lean 

and green manufacturing in the metal cutting supply chain”, International Journal of 

Enterprise Network Management, Vol. 1 No. 3, pp. 238–260. 

 

Scells, H., Zuccon, G., Koopman, B., Deacon, A., Azzopardi, L. and Geva, S. (2017), 

“Integrating the framing of clinical questions via PICO into the retrieval of medical literature 

for systematic reviews”, In Proceedings of the 2017 ACM on Conference on Information and 

Knowledge Management, pp. 2291-2294. 

 

Shah, R. and Ward, P.T. (2003), “Lean manufacturing: context, practice bundles, and 

performance”, Journal of Operations Management, Vol. 21, pp. 129–149. doi:10.7166/26-1-

644. 

Shang, G. and Pheng, L.S. (2014), “Barriers to lean implementation in the construction industry 

in China”, Journal of Technology Management in China, Vol. 9 No. 2, pp. 155–173. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-104- 

 

doi:10.1108/JTMC-12-2013-0043. 

Sharma, V., Sharma, V. and Karwasra, K. (2021). “A decision framework for green 

manufacturing indicators using fuzzy AHP-ELECTRE I: a case study of the steering system 

manufacturer”, International Journal of Sustainable Engineering, Vol. 14 No. 6, pp.1332-

1341. 
 

Sharma, V., Raut, R.D., Mangla, S.K., Narkhede, B.E., Luthra, S. and Gokhale, R. (2021), “A 

systematic literature review to integrate lean, agile, resilient, green and sustainable paradigms 

in the supply chain management”, Business Process Management Journal, Vol. 30 No. 2, pp. 

1191–1212. 

 

Siegel, R., Antony, J., Garza-reyes, J.A., Cherra, A. and Lameijer, B. (2019), “Integrated green 

lean approach and sustainability for SMEs : from literature review to a conceptual framework”, 

Journal of Cleaner Production, Vol. 240, p. 118205. 

 

Singh, P.L., Sindhwani, R., Sharma, B.P., Srivastava, P., Rajpoot, P. and Kumar, R. (2022), 

“Analyse the critical success factor of green manufacturing for achieving sustainabil ity in 

automotive sector”, In Recent Trends in Industrial and Production Engineering: Select 

Proceedings of ICCEMME 2021, Springer, Singapore, pp. 79-94. 

 

da Silva, A.F., Marins, F.A.S., Dias, E.X. and Ushizima, C.A. (2021), “Improving 

manufacturing cycle efficiency through new multiple criteria data envelopment analysis 

models: an application in green and lean manufacturing processes”, Production Planning and 

Control, Vol. 32 No. 2, pp. 104–120. 

 

Sila, I. and Cek, K. (2017), The impact of environmental, social and governance dimensions 

of corporate social responsibility on economic performance: Australian evidence, Procedia 

computer science, Vol. 120, pp.797-804. doi: 10.1016/j.procs.2017.11.310. 

Silva, S., Sá, J.C., Silva, F.J., Ferreira, L.P. and Santos, G., (2019), “Lean green-the importance 

of integrating environment into lean philosophy-a case study”, In European Lean Educator 

Conference, Springer, Cham, pp. 211-219.  

 

Simpson, D.F. and Power, D.J. (2005), “Use the supply relationship to develop lean and green 

suppliers”, Supply Chain Management, Vol. 10 No. 1, pp. 60–68. 

 

Sindhwani, R., Mittal, V.K., Singh, P.L., Aggarwal, A. and Gautam, N. (2019), “Modelling 

and analysis of barriers affecting the implementation of lean green agile manufacturing system 

(LGAMS)”, Benchmarking, Vol. 26 No. 2, pp. 498–529. 

 

Sindhwani, R., Singh, P.L., Kaushik, V., Sharma, S. and Phanden, R.K., (2020), “Analysis of 

barriers to lean–green manufacturing system (LGMS): a multi-criteria decision-making 

approach”, In Advances in intelligent manufacturing, Springer, Singapore, pp. 181-188.  

 

Singh, C., Singh, D. and Khamba, J. S. (2020a), “Analyzing barriers of green lean practices in 

manufacturing industries by DEMATEL approach”, Journal of Manufacturing Technology 

Management [Preprint]. 

 

Singh, C., Singh, D. and Khamba, J S (2020b), “Understanding the key performance 

parameters of green lean performance in manufacturing industries”, In Materials Today: 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-105- 

 

Proceedings, Elsevier Ltd, Vol. 46, pp. 111-115.  

 

Singh, P.L., Sindhwani, R., Dua, N.K., Jamwal, A., Aggarwal, A., Iqbal, A. and Gautam, N. 

(2019), “Evaluation of common barriers to the combined lean-green-agile manufacturing 

system by two-way assessment method”, In Advances in Industrial and Production 

Engineering, Springer Singapore, pp. 653–672. 

 

Sony, M. and Naik, S. (2020), “Green lean six sigma implementation framework: a case of 

reducing graphite and dust pollution”, International Journal of Sustainable Engineering, Vol. 

13 No. 3, pp. 184–193. 

 

Soubihia, D.F., José, C., Jabbour, C., Beatriz, A. and Sousa, L. De (2015), “Green 

manufacturing: relationship between adoption of green operational practices and green 

performance of Brazilian iso 9001-certified firms”, International Journal of Precision 

Engineering and Manufacturing-Green Technology, Vol. 2 No. 1, pp. 95–98. 

Suhardini, P.N. and Hadiwidjojo, S.D. (2021), “Lean and green supply chain management in 

improving operational performance in sugar industry”, Journal of Applied Management, Vol. 

19 No. 1, pp. 198–205. 

 

Suhendrianto, I., Lufika, R.D. and Meutia, S. (2021), “The integrated lean and green 

manufacturing system: a case study at the peeled loaf production”, In IOP Conference Series: 

Materials Science and Engineering, IOP Publishing, Vol. 1082, No. 1, p. 012010. 

 

Sumant, M. and Negi, A. (2018), “Review of lean-green manufacturing practices in SMEs for 

sustainable framework”, International Journal of Business Innovation and Research, Vol. 17 

No. 1, pp. 38–64. 

 

Szymanska-Bralkowska, M. and Malinowska, E. (2017), The improvement of the company”s 

environmental performance through the application of green lean/ lean and green approach , 

(No. 127/2017), Institute of Economic Research Working Papers. 

 

Szymańska-brałkowska, M. and Malinowska, E. (2018), “Improving company”s 

environmental performance through green lean approach”, Ekonomia i Prawo. Economics and 

Law, Vol. 17 No. 4, pp. 433–442. 

 

Taj, S. and Morosan, C. (2011), “The impact of lean operations on the Chinese manufacturing 

performance”, Journal of Manufacturing Technology Management, Vol. 22 No. 2, pp. 223–

240. doi:10.1108/17410381111102234. 

Taubitz, M. (2010), “Lean, green & safe: integrating safety into the lean, green and 

sustainability movement”, Professional Safety, Vol. 55 No. 5, pp. 39–46. 

 

Thanki, S., Govindan, K. and Thakkar, J. (2016), “An investigation on lean-green 

implementation practices in Indian SMEs using analytical hierarchy process (AHP) approach”, 

Journal of Cleaner Production, Vol. 135, pp. 284–298. 

 

Thanki, S.J. and Thakkar, J. (2018a), “A quantitative framework for lean and green assessment 

of supply chain performance”, International Journal of Productivity and Performance 

Management [Preprint]. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-106- 

 

Thanki, S.J. and Thakkar, J. (2018b), “Interdependence analysis of lean-green implementation 

challenges: a case of Indian SMEs”, Journal of Manufacturing Technology Management, Vol. 

29 No. 2, pp. 295–328. 

 

Thanki, S. and Thakkar, J.J. (2019), “An investigation on lean–green performance of Indian 

manufacturing SMEs”, International Journal of Productivity and Performance Management, 

Vol. 69 No. 3, pp. 489–517. 

 

Thekkoote, R. and Thekkoote, R. (2022), “A framework for the integration of lean, green and 

sustainability practices for operation performance in South African SMEs”, International 

Journal of Sustainable Engineering, pp. 1–12. doi:10.1080/19397038.2022.2042619. 

Tilina, D.I., Zapciu, M. and Bendic, V. (2014), “The link between lean and green 

manufacturing - a way to reach sustainable development”, Applied Mechanics and Materials, 

Vol. 656, pp. 534–541. doi:10.4028/www.scientific.net/AMM.656.534. 

Tiwari, R.K. and Tiwari, J.K. (2016), “Green lean manufacturing: way to sustainable 

productivity improvement”, International Journal of Engineering Research and General 

Science, Vol. 4 No. 6, pp. 243–262.  

 

Torielli, R.M., Abrahams, R.A., Smillie, R.W. and Voigt, R.C. (2010), “Using lean 

methodologies for economically and environmentally sustainable foundries”, China Foundry, 

Vol. 8 No. 1, pp. 74–88. 

 

Torres, B., Naghshineh, B., Cardeal, G., Filipe, D., Carvalho, H., Peças, P. and Ribeiro, I., 

(2019), “The impacts of additive manufacturing technology on lean/green supply chain 

management practices”, In European Lean Educator Conference, Springer, Cham, 

pp. 159-168. 

 

Tripathi, V., Chattopadhyaya, S., Mukhopadhyay, A.K., Sharma, S., Singh, J., Pimenov, D.Y. 

and Giasin, K. (2021), “An innovative agile model of smart lean–green approach for 

sustainability enhancement in industry 4.0”, Journal of Open Innovation: Technology, Market, 

and Complexity, Vol. 7 No. 4, p. 215. 

 

Udokporo, C.K., Anosike, A. and Lim, M. (2020a), “A decision-support framework for Lean, 

Agile and Green practices in product life cycle stages”, Production Planning & Control: The 

Management of Operations, Vol. 32 No. 10, pp. 789-810. 

 

Udokporo, C.K., Anosikea, A., Lim, M., Nadeema, S.P., Garza-Reyes, J.A. and Ogbuka, C.P. 

(2020b), “Impact of lean, agile and green (LAG) on business competitiveness: an empirical 

study of fast moving consumer goods businesses”, Resources, Conservation & Recycling, Vol. 

156, p. 104714. 

 

Venkat, K. and Wakeland, W. (2006), “Is lean necessarily green?”, In 50th Annual Meeting of 

the International Society for the Systems Sciences 2006, ISSS 2006, Sonoma, CA, USA, pp. 

347–362. 

 

Venugopal, V. and Saleeshya, P.G. (2019), “Manufacturing system sustainability through lean 

and agile initiatives”, International Journal of Sustainable Engineering, Vol. 12 No. 3, pp. 

159–173. doi:10.1080/19397038.2019.1566411. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-107- 

 

Verrier, B., Rose, B. and Caillaud, E. (2016), “Lean and green strategy : the lean and green 

house and maturity deployment model”, Journal of Cleaner Production, Vol. 116, pp. 150–

156. 

 

Viles, E., Santos, J., Muñoz-Villamizar, A., Grau, P. and Fernández-Arévalo, T. (2021), 

“Lean–green improvement opportunities for sustainable manufacturing using water telemetry 

in agri-food industry”, Sustainability (Switzerland), Vol. 13 No. 4, pp. 1–12. 

 

Vinayagasundaram, R., Ramkumar, V. and Arasu, K.K. (2020), “Implementation of business 

process re-engineering using lean and green strategy in manufacturing industry”, In AIP 

Conference Proceedings, AIP Publishing LLC, Vol. 2207, No. 1, p. 020010. 

 

Vrchota, J., Pech, M. and Rol, L. (2020), “Sustainability outcomes of green processes in 

relation to industry 4.0 in manufacturing: systematic review”, Sustainability, Vol. 12 No. 15, 

p. 5968. 

 

Wadhwa, R.S. (2014), “Synergizing lean and green for continuous improvement”, in IFIP 

International Conference on Advances in Production Management Systems, Springer, Berlin, 

Heidelberg, pp. 154–161. 

 

Whyle, A. and Bland, R. (2017), “Application of green and lean production at Ricoh”, 

International Journal of Automation Technology, Vol. 11 No. 4, pp. 615–622. 

 

Wiese, A., Luke, R., Heyns, G.J. and Pisa, N.M. (2015), “The integration of lean, green and 

best practice business principles”, Journal of Transport and Supply Chain Management, Vol. 

9 No. 1, pp. 1–10. 

 

Winroth, M. and Johansson, G. (2009), “A manufacturing strategy perspective on lean and 

green manufacturing”, in Proceedings of the Swedish Production Symposium, Goteborg, 

Sweden, pp. 2–3. 

 

World Bank (2021) Zimbabwe economic update: COVID-19 further complicates Zimbabwe”s 

economic and social conditions. available at: 

https://www.worldbank.org/en/country/zimbabwe/publication/zimbabwe-economic-

updatecovid-19-further-complicates-zimbabwe-s-economic-and-social-conditions (accessed 

25 December 2021) 

Wu, P. and Wang, X. (2016), “A critical review of the factors affecting the success of using 

lean to achieve green benefits”, In Proc. 24th Ann. Conf. of the Intl. Group for Lean 

Construction, pp. 33–42. 

 

Yadav, G., Luthra, S., Huisingh, D., Mangla, S.K., Narkhede, B.E. and Liu, Y. (2020), 

“Development of a lean manufacturing framework to enhance its adoption within 

manufacturing companies in developing economies”, Journal of Cleaner Production, 245. 

doi:10.1016/j.jclepro.2019.118726. 

Yadav, V., Gahlot, P., Rathi, R., Yadav, G. and Kumar, A. (2021), “Integral measures and 

framework for green lean six sigma implementation in manufacturing environment”, 

International Journal of Sustainable Engineering, Vol. 14 No. 6, pp. 1319–1331. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-108- 

 

Yadav, V., Jain, R., Mittal, M.L., Panwar, A. and Lyons, A. (2019), “The impact of lean 

practices on the operational performance of SMEs in India”, Industrial Management and Data 

Systems, Vol. 119 No. 2, pp. 317–330. doi: 10.1108/IMDS-02-2018-0088. 

Yang, M.G., Hong, P. and Modi, S.B. (2011), “Impact of lean manufacturing and 

environmental management on business performance: an empirical study of manufacturing 

firms”, International Journal of Production Economics, Vol. 129 No. 2, pp. 251–261. 

doi:10.1016/j.ijpe.2010.10.017. 

Zekhnini, K., Cherrafi, A., Bouhaddou, I., Chaouni Benabdellah, A. and Bag, S. (2021), “A 

model integrating lean and green practices for viable, sustainable, and digital supply chain 

performance”, International Journal of Production Research, pp. 1–27. 

 

Zhang, D. and Du, P. (2020), “How China’s going green impacts on corporate performance”, 

Journal of Cleaner Production, Vol. 258, p.120604. doi: 10.1016/j.jclepro.2020.120604 

 

Zhu, Q. and Sarkis, J. (2004), “Relationships between operational practices and performance 

among early adopters of green supply chain management practices in Chinese manufacturing 

enterprises”, Journal of Operations Management, Vol. 22 No. 3, pp. 265–289. 

 

Zhu, X.Y. and Zhang, H. (2020), “Construction of lean-green coordinated development model 

from the perspective of personnel integration in manufacturing companies”, Proceedings of the 

Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture , Vol. 234 

No. 11, pp. 1460–1470. 

 

Zhu, X.Y., Zhang, H. and Jiang, Z.G. (2020), “Application of green-modified value stream 

mapping to integrate and implement lean and green practices: A case study”, International 

Journal of Computer Integrated Manufacturing, Vol. 33 No. 7, pp. 716–731. 

 

 

 

 

 

 

  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-109- 

 

Appendix 1 

Cover letter for PhD questionnaire survey 

Name: Tinotenda Machingura 

University: University of Pretoria 

Address: University of Pretoria 

Department of Industrial and Systems Engineering 

Engineering building 2 

Level 3 

University of Pretoria 

Lynnwood Road 

Private bag X20 Hatfield 

Pretoria 

0028 

 

Dear Respondent     

 

I am a PhD student at the University of Pretoria in the Department of Industrial and Systems 

Engineering. I am conducting research titled: The impact of Lean-Green Philosophy on 

Zimbabwean manufacturing industry. The research aims to develop a model to measure the 

success of Lean-Green manufacturing deployment. This survey is designed to measure the 

impact of Lean-Green manufacturing implementation on organizational performance. I believe 

that the measurement model will help new adopters of Lean-Green Manufacturing anticipate 

and assess Lean-Green manufacturing's impact on their organisational performance. This 

survey is anonymous, and the responses will only be used for research purposes. The 

questionnaire will take about 20 minutes to complete.  

 

Thank you for the time and effort to complete the questionnaire. 

 

Sincerely 

 

Tinotenda Machingura 

 

(PhD student in Industrial and Systems Engineering) 
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Section A: company profile 

A1. Job title/ position________________________ A2. Years in this position____________ 

A3. Years in the organization___________________ 

A4. What is the company’s main business activity? 

 Food and Beverage     Chemicals and Petrochemicals 

 Plastic and Rubber     Pharmaceutical 

 Agrochemical      Wood and Furniture  

 Electronics and Electrical    Fertilizer 

 Textiles      Leather 

       Paper       Other, specify________________ 

A5. How many employees does your company have? 

under 41.  between 41 and 75.   between 76 and 150. 

 between 151 and 250.      between 251 and 350.       over 350. 

 

Section B: Impact of Lean constructs on organisational performance.  

Indicate the level of agreement or disagreement with the statement given that it describes the 

level of adoption of Lean manufacturing practices in your organisation.  

1= Strongly Disagree    2 = Disagree   3 = Neutral   4 = Agree    5 = Strongly Agree 

Item Rating 

 1 2 3 4 5 

Our workers undergo cross-functional training.      

The suggestions of the team members are considered before making decisions.      

Our shop floor employees are key to problem solving.      

Our workers are involved in continuous improvement efforts.      

My firm has multifunctional (multiskilled) workers.      

My firm gives workers a broader range of tasks.      

At our firm, we have an expansion of autonomy and responsibility.      

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



-111- 

 

 1 2 3 4 5 

The workers are given incentives and annual bonuses for the process improvement.      

In our company, the management takes all improvement suggestions seriously.      

The employees are encouraged to work together to achieve common goals.      

Our operators are trained to maintain their own machines.      

Our equipment is always in a high state of readiness.      

We keep the records of routine maintenance.      

We maintain all our equipment regularly.      

We dedicate a portion of everyday to planned equipment maintenance related activities.      

The equipment maintenance records are shared with all the shop floor employees.      

Our operators understand the cause and effect of equipment deterioration.      

Our operators inspect and monitor the performance of their own equipment.      

Our operators can detect and treat abnormal operating conditions of their equipment.       

Our customers receive just-in-time deliveries from us.      

Our suppliers deliver to us on a just-in-time basis.      

Our company involves all the key suppliers in the process.      

Our company has a formal supplier certification programme.      

The daily production schedule is met every day.      

The daily production schedule is completed on time.      

The layout of our shop floor facilitates low inventories and fast throughput.      

Our equipment or processes are under statistical quality control.      

We use statistical techniques to reduce variance.      

Control charts are used to determine whether the manufacturing processes is in control.       

The processes in the plant are designed to be “foolproof.”      

The process ensures that all parts, materials, information, and resources meet the 

specifications before use. 

     

Our customers give us feedback on our quality and delivery performance.      

We undertake programs for quality improvement and control.      

Our shop-floor employees are authorized to stop production for quality problems.      

Quality problems can be traced to their source and solved without reworking too many 

units. 
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Section C: Impact of Green constructs on organisational performance.  

Indicate the level of agreement or disagreement with the statement given that it describes the 

level of adoption of Green manufacturing practices in your organisation.  

1= Strongly Disagree    2 = Disagree   3 = Neutral   4 = Agree    5 = Strongly Agree 

Item Rating 

 1 2 3 4 5 

Our company recycles materials.      

Our company reuses materials.      

We optimize the processes to reduce solid wastes.      

We optimize the processes to reduce water use.      

We optimize the processes to reduce air emissions.      

We optimize the processes to reduce energy use.      

We optimize the processes to reduce raw material use.      

We design the products for reduced consumption of raw material.      

We design the products for reuse, recycle, recovery of material.      

We design the products to avoid or reduce the use of hazardous products and process.      

We design the products for reduced consumption of energy.      

New product designs are thoroughly reviewed before the product is produced and sold.      

We coordinate with the suppliers for environmental objectives.      

We perform the environmental audit for suppliers’ internal management.      

Our suppliers are ISO14000 certified.      

We choose our suppliers by environmental criteria.      

We urge/ pressure our supplier(s) to take environmental actions.      

We provide the design specification to suppliers that include environmental 

requirements for purchased items. 

     

Our products are eco-labelled.      

Our firm has an environmental purchasing policy in practice.      

We systematically consider customer feedback for eco-design.      

Our company considers its discharges as a wealth.      

We possess a system of recovering and reutilizing end-of-life products.      

We recover the company’s end-of-life products.      

We consider the impact of products in their entire lifetime.      

We monitor the environmental impact of the products at all stages.      
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Section D: Impact of Lean-Green constructs on organisational performance.  

Indicate the level of agreement or disagreement with the statement given that it describes the 

improvement in performance since the implementation of Lean-Green manufacturing. 

1= Strongly Disagree  2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree 

Item Rating 

 1 2 3 4 5 

We reduced the air emissions.    
 

 

We reduced the solid waste.      

We reduced the waste water.      

We decreased the consumption of hazardous/harmful/ toxic materials.    
 

 

We decreased the frequency of environmental accidents.     
 

We decreased the energy consumption.     
 

The quality of our products increased (defects reduction, products that meet customer 

needs, rate of customer complaints, number of warranty claims)  

   
 

 

We increased our flexibility (quick changes in product design, quick introduction of 

new products, quick changes in production volume, broad variety of products). 

     

We reduced the costs (low production costs, offer price as low or lower than our 

competitors, low overhead costs). 

    
 

Our delivery improved (quick delivery, on-time delivery, reliable delivery).     
 

We decrease the inventory levels.      

Our productivity increased.      

The production costs are predictable.      

We reduced the production lead time.      

The working conditions improved.    
 

 

The workplace safety improved.    
 

 

The employee health improved.     
 

The labour relations improved.     
 

The workers’ morale improved.     
 

The work pressure decreased.    
 

 

The community health and safety improved.      

Our profits increased.    
 

 

The product development costs decreased.    
 

 

The energy costs decreased.     
 

The inventory costs decreased.     
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 1 2 3 4 5 

The rejection and reworking costs decreased.     
 

The raw material purchasing costs decreased.    
 

 

The waste treatment costs decreased.      

The fine for environmental accidents decreased.      

 

Section E: Barriers faced on the implementation of Lean-Green Manufacturing.  

To what extent do you think each of the following items affects the ease of Lean-Green 

implementation in your organization.  

1= Strongly Disagree     2 = Disagree      3 = Neutral         4 = Agree        5 = Strongly Agree 

Item Rating 

 1 2 3 4 5 

Lack of top management commitment.    
 

 

Lack of awareness/ information.    
 

 

Lack of organizational resources.     
 

Incompetent technology.      
 

Lack of training and education.     
 

Resistance to change.    
 

 

Fear of failure.      

Poor quality of human resources.      

Company culture.      

Financial constraints.    
 

 

High implementation costs.    
 

 

Weak legislation.    
 

 

Low enforcement of laws and corruption.    
 

 

Low public pressure.     
 

Uncertain future legislation.     
 

Lack of government support.      

Low customer demand.      

Uncertain benefits.      

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 


