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Abstract   

 

A large and growing body of literature has explored corporate environmental sustainability initiatives and 

their impacts locally, regionally and internationally. While the initiatives provide examples of 

environmental stewardship and cleaner production, a large proportion of the organisations considered in 

this literature have ‘sustainable practice’, ‘environmental stewardship’ or similar goals as add-ons to their 

core business strategy. Furthermore, there is limited evidence of organizations embracing and 

internalising sustainability principles throughout their activities, products or services. Many challenges 

and barriers impede outcomes as whole system design or holistic approach to address environmental 

issues, with some evidence to suggest that targeted initiatives could be useful in making progress. ‘Lean 

management’ and other lean thinking strategies are often put forward as part of such targeted approaches. 

Within this context, the authors have drawn on current literature to undertake a review of lean thinking 

practices and how these influence sustainable business practice, considering the balance of environmental 

and economic aspects of triple bottom line in sustainability.  The review methodology comprised firstly 

identifying theoretical constructs to be studied, developing criteria for categorising the literature, 

evaluating the findings within each category and considering the implications of the findings for areas for 

future research.  

 

The evaluation revealed two main areas of consideration: a) lean manufacturing tools and environmental 

performance; and b) integrated lean and green models and approaches. However the review highlighted 

the ad hoc use of lean thinking within corporate sustainability initiatives, and established a knowledge gap 

in the form of a system for being able to consider different categories of environmental impacts in 

different industries and choose best lean tools or models for a particular problem in a way to ensure 

holistic exploration. The findings included a specific typology of lean tools for different environmental 

impacts, drawing from multiple case studies.  

 

Within this research context, this paper presents the findings of the review; namely the emerging 

consensus on the relationships between lean thinking and sustainable business practice. The paper begins 

with an overview of the current literature regarding lean thinking and its documented role in sustainable 

business practice. The paper then includes an analysis of lean and green paradigms in different industries; 

and describes the typology of lean tools used to reduce specific environmental impacts and, integrated 

lean and green models and approaches. The paper intends to encourage industrial practitioners to consider 

the merits and potential risks with using specific lean tools to reduce context-specific environmental 

impacts. It also aims to highlight the potential for further investigation with regard to comparing different 

industries and conceptualising a generalizable system for ensuring lean thinking initiatives build towards 

sustainable business practice.  

 

 

1. Introduction 

 

The world is facing unprecedented global environmental challenges such as climate change, population 

increase, biodiversity degradation and natural resource depletion. Sustainable development is viewed as 

an organizing principle for tackling these challenges (Macagno, 2013; Smith, Hargroves, & Desha, 2010). 

There is increasing attention on ways for manufacturers to become more sustainable, by minimising 

resource consumption while staying within carrying capacity of the earth (Jovane et al., 2008; Von 

Weizsacker, Hargroves, Smith, Desha, & Stasinopoulos, 2009).  
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Moser (2001) provides a succinct summary of sustainable business practice as “business behaviour that 

leads to a net overall increase in the different forms of capital associated with sustainable development”. 

As identified by Serageldin (1996) more than 20 years ago, the types of capital to be considered in relation 

to sustainable development comprise productive capital, human capital, social capital and natural capital. 

On reflection, over the last two decades, although not all industries have completely embraced the culture 

of becoming eco-friendly or green, there is an emerging trend in considering environmental impacts when 

making business decisions (Schaper, 2002).  

 

Organizations adopt tools such as environmental management systems, policies, audits, life cycle 

assessment, environmental accounting, sustainability reporting (Welford, 1996) and lean manufacturing 

are used in corporate environmental management to improve environmental performance in organizations 

(Quaddus & Siddique, 2011). A large and growing body of literature has investigated environmental 

sustainability initiatives and projects that companies have embarked on. However it is often concluded 

that that these are add-ons to core business with limited evidence of companies embracing sustainable 

business practice with regard to environmental sustainability.  

 

Lean manufacturing is one of the strategies proposed in the late 1980s, focused on reducing waste (Ōno, 

1988). Lean manufacturing systems are underpinned by resource efficiency, as they intend to deliver the 

same output while utilising fewer inputs, by means of minimising waste and finally delivering better value 

to customers (Womack, Jones, & Roos, 1990). Over the years, lean manufacturing systems and 

environmentally sustainable initiatives have been proven to be positively correlated (Chiarini, 2014; King 

& Lenox, 2001) and to have synergistic results on operational and environmental performance (Amani, 

Lindbom, Sundström, & Östergren, 2015). Gibson, Yoke San, Pham, Pham, and Thomas (2008) point out 

that adopting a process management strategy such as lean manufacturing system allows industries to 

achieve bottom line savings in the production process and improve efficiency which will form a platform 

to achieve economic sustainability. Dhingra, Kress, and Upreti (2014) point out that green initiatives 

undoubtedly lead towards sustainability  and Amani, et al. (2015) highlight the importance of 

sustainability not just as government and public interest also for businesses to improve their efficiency and 

thereby gain competitive edge over others.  

 

Within this context, the authors have undertaken a review of lean thinking practice literature to consider 

how such practices have influenced sustainable business practice over the last two decades.  We present 

the review methodology and discuss the results, which revealed two main areas of influence: a) lean 

manufacturing tools and environmental performance; and b) lean and green business process management. 

Considering this, key research questions addressed in this study are: 

 

- What lean tools/ practices can be applied to environmental sustainability work streams (e.g.: waste 

management, energy management, emission management, water management and chemical 

management)? 

- What lean and green models or approaches are being used for lean and green business process 

management? 

 

2. Research Method 

 

The literature review was conducted in three phases of extraction, analysis and interpretation (Levy & 

Ellis, 2006; Webster & Watson, 2002). The initial extraction phase entailed a systematic search, 

identification and extraction of the resources relevant for the scope of the review. In order to extract the 

literature a methodical search was conducted to identify the relevant articles and extracted key findings 

pertinent for the review. Then appropriate categorization and a coding scheme were designed to carry out 

the analysis to meet the review objectives. The final stage involved synthesizing the coded outcomes and 

producing descriptive findings and summary tables. A comprehensive evaluation revealed a number of 

links and relationships among lean management and sustainable business practice.  

 

An extensive literature review is fundamental step in forming a field of research and is the platform for 

extending knowledge and building theory (Webster & Watson, 2002). Therefore integration of 

interpretation and analysis plays a significant role so it could underpin the research question (Easterby-
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Smith, Thorpe, & Jackson, 2012).  This qualitative method has already been used in similar research area 

including lean production (Moyano-Fuentes, Sacristán-Díaz, & Martínez-Jurado, 2012) lean and green 

(Garza-Reyes, 2015) and sustainability (Seuring, Müller, Westhaus, & Morana, 2005). Throughout the 

main phases of the literature review a sequence ‘select, know, comprehend, apply, analyse, synthesise and 

evaluate’ was followed as suggested by Levy and Ellis (2006) to ensure the literature review to be 

structured and effective. 

2.1 Extraction of relevant papers 

A systematic review of literature considered two main criteria to clarify the locations of articles and the 

search strategy. The revised bibliography contains peer reviewed journal papers and conference papers. 

Saunders, Lewis, and Thornhill (2012) describe peer reviewed journal papers as most useful of all primary 

and secondary literature sources and conference proceedings as very useful (if on the theme research) to 

critically review the literature.  Unpublished working papers, industry reports, magazines and dissertations 

were excluded. To provide background for the themes some paradigmatic books were used, but for the 

analysis only journal articles and conference papers were used. Journal papers were extracted from 

numerous electronic databases to acquire a deep insight on the links between lean and green concepts, 

discover knowledge on lean and green models and potential future research areas. Most of the articles 

were found through Science direct, ABI/inform and Google scholar as these databases accommodated a 

large range of scholarly articles. However other databases were also checked as they are the publisher of 

most of the popular journals in this research filed. This was done to ensure that important articles will not 

be overlooked during the resource extraction phase. 

Papers were identified from academically refereed full text journal publications in bibliographic 

databases, spanning two decades from 1995. This time period was chosen to align with the Cleaner 

Production conference reflective timeframe, to consider any emergent themes and patterns of concepts in 

the field. As this is an interdisciplinary review it was important to look at both business and science 

databases to fit into the selected scope of the review. The search strategy was formulated after identifying 

sources and key words, synonyms and related terms for the search, as summarised in Table 1. The key 

terms “sustainable business practice” and “lean thinking” embraces an extensive range of sub-topics and 

therefore a significant number of search strings were required. These encapsulated definition, synergistic 

relationships, tools, techniques and practices and industrial case studies. Other critical concepts related to 

key words were also used in search strings to identify other possible links.  

Table 1: Key words used in searches 

Lean thinking Sustainability Lean and green model  Industry 

Lean Green Lean and sustainability  Sector 

Lean Management Sustainable business practice Lean and green approach  Business 

Lean Production Waste Management Lean and green operations  Manufacturing 

Lean Manufacturing Eco-Efficiency Lean and green manufacturing  

Toyota Production System  Environment Lean and green framework   

Lean construction system Environmental Impacts Lean and sustainable   

 Emissions Green manufacturing   

 Energy Efficiency Lean and green agenda  

 Ecology Lean green  

 Water management Environmental lean  

 Chemical management Lean eco-efficiency  

 Environmental sustainability  Lean eco sustainability   

 Sustainability culture    

 Cleaner production   

 Environmental stewardship   

 

A backward review process was conducted, going back to relevant citations of the extracted articles to 

determine preceding articles related to the scope of the review. This was followed by a forward review to 

determine subsequent articles which cited the extracted articles that are within the review theme, to access 

the relatively extensive amount of literature (Webster & Watson, 2002). The search terms were listed 

considering the phenomena which needed to delve further.  
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The C-I-M-O context-intervention-mechanism-outcome (Briner & Denyer, 2012) framework was used for 

this stage to identify the inclusion and exclusion criteria for the study. The search strings such as lean 

green, lean and green model, lean and sustainability, lean and environmental sustainability, lean and 

sustainable practice, lean-eco sustainability etc. were used following the key words given in Table 1. 

When the same articles repeatedly appeared this was considered to be the saturation point. In addition all 

the articles were manually checked through the abstracts to ensure that the paper fit the scope of the study. 

This helped in omitting papers that did not address the lean and green concepts or which were external to 

the defined scope.  After carrying out a rigorous search, 90 articles were used for coding and analysis.  

 

The NVivo software was used, which is  considered as one of the most powerful tools in managing, 

visualising and analysing qualitative data (Bazeley & Jackson, 2013). The review methodology is 

summarised in Table 2. A protocol was developed articulating the process for analysis and support 

activities. This included the codification system and the guidelines for the application of NVivo for this 

qualitative analysis. Early determination of what is important to capture and record is a critical step for 

efficient archival analysis (Okoli & Schabram, 2010). 

 

Table 2: Review methodology 

 
Phase of the 

Literature review 

  

Objective 

 

 

Method Tool 

Formulate research 

question 

The research question will be 

used as guiding statement to 

conduct the study 

 

• Analysing highly cited 

journal articles in lean and 

green research field and 

identifying gaps  

Backward and forward review 

Selecting sources   

 

 

 

 

 

 

Selecting relevant databases and 

extract relevant articles and 

evaluation 

 

• Define the relevant 

databases 

 

 

 

 

 

 

• Define the time span of 

research papers 

 

 

• Define criteria and search 

strings 

 

Science Direct (Elsevier), ABI 

Inform Global (ProQuest 

Direct), EBSCOhost databases, 

Wiley Online Library (Wiley), 

Emerald Insight,  Scopus, Web 

of Science, Google scholar 

 

1995-2015 

 

 

Inclusion criteria- Lean terms 

with green, environment, 

sustainability, eco-

manufacturing etc. Search 

strings were constructed using 

key words presented in table 1. 

Peer reviewed journal papers 

and conference papers 

(paradigmatic books were used 

to provide background) 

 

Exclusion criteria- Unpublished 

working papers, industry 

reports, text books, dissertations 

and magazines  

 

Selecting article and 

evaluation 

Analysis and 

synthesis of results 

Analysing and synthesising the 

results 

 

• Selection of method for 

analysing the qualitative 

data 

 

 

• Coding and synthesising 

data 

 

Descriptive findings 

Visual representation of data 

Thematic analysis 

 

 NVivo software 

Interpreting and 

reporting the results  

Reporting and interpreting the 

outcome 

 

• Critically analysing 

literature and 

encapsulating meta data 

from literature, and  

linking lean with 

sustainable business 

practices 

Summary tables, matrix table 
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2.2 Analysis and synthesis 

 

Given that the purpose of this research was to deliver a synthesized review of how lean thinking could be 

used as a targeted intervention for sustainable business practice, the pre-codification scheme was based on 

the fundamental questions of what, why, who and how, for understanding the incorporation of lean and 

green paradigms. The research perspective was underpinned by theoretical contexts and research methods. 

This was consistent with previous similar meta-literature review papers (Garza-Reyes, 2015)  which 

created a base to investigate common themes reported in environmental management field and major 

analysis on lean and green concepts. 

 

3. Descriptive analysis of findings 

 

Of the 90 articles selected for review, 89% (80 articles) were journal articles and 11% (10 articles) were 

conference papers. The range and frequency of journals containing the reviewed content are summarised 

in Figure 1. There is a significant proportion of 26% (21articles) of the journal articles published in the 

International Journal of Cleaner Production. About 5% (4 articles) were published through 

Environmental Quality Management Journal, followed by the Benchmarking and Production Operation 

Management journal (4%, 3 articles). This provides an indication of suitable outlets to publish lean and 

green related articles and shows International Journal of Cleaner Production has significantly contributed 

to this field of lean and green thinking. 

 

Figure 1: No. of articles published in different journals 

Figure 2 summarises the number of publications chronologically over the period since 1995. There is an 

increasing trend on articles from 2010 onwards as 81% of articles were published from 2010 onwards of 

the analysed resources from the time period of 1995-2015. This highlights the comparatively novel nature 

of this field of research, with an emerging narrative about this concept.  
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Figure 2: Articles published vs year 

Even though some articles disclosed the location of the case study, some studies gave a generic name by 

to the case study according to the type of the industry. As first and the second authors are the main 

contributors for the paper it could be an appropriate way to determine the geography of the publication 

content. Figure 3 shows the demographic distribution and number of the articles by the first authors. The 

country of the second author was also analysed, showing only minor changes in the proportions of 

publication by country. In most publications both first and second author were from the same country.  

 
Figure 3: Geographic distribution of research conducted on lean and green (by first author) 

When considering the distribution in developed and developing countries by economy (according to the 

UN country classification system) a higher percentage, 80% (n=72) of the publications was recorded from 

developed countries. It is evident that a largest proportion 29% of literature was recorded in USA and 

second highest 12% in UK. 20% (n=18) developing countries recorded were namely; Malaysia, India, 

Brazil, China, Indonesia, Singapore and Turkey. This is a good indication that the research findings were 

also likely to be applied to industries in these countries.  

 

Figure 4 presents the articles analysed according to their industrial application. Out of 90 publications 25 

were theoretical papers and the rest of the 65 articles had different industrial case studies or different 

industries where the empirical data were gathered from. There were industrial applications such as 

manufacturing as a whole, automotive, construction, metal work, multi sectoral, food, rubber logistics and 

other. Multisector referred to publications which had more than one case study or industrial application 

could be widely applied for multisector (Piercy & Rich, 2015; Verrier, Rose, Caillaud, & Remita, 2014).  

Other industries consist of one publication each from industries namely; aerospace, education, furniture, 

paper and board. 
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Figure 4: Number of articles by the industrial application  

33% (n=23) of the articles were conducted for a manufacturing industry and the 28% (n=18) was recorded 

in the automobile industry. However there were other articles emerging from sectors such as construction 

(Banawi & Bilec, 2014; Ogunbiyi, Adebayo, & Goulding, 2014), metal (D'Errico, Perricone, & Oppio, 

2009), agri-food/food (Chaplin & Simon, 2014) , rubber(Govindan, Kannan, & Shankar, 2014) and 

logistics (Cosimato & Troisi, 2015).  

 

4. Discussion 

 

This section discusses findings from the analysed literature; relationships between lean and green 

concepts; lean tools and sustainable business practices; and different types of lean and green models and 

approaches.  

4.1 Relationship between lean and green concepts 

 

Sustainability is becoming a key priority in contemporary society, not only because of the public and 

government requirement but also for the benefits of  the firms in increasing efficiency (Amani, et al., 

2015).  From the inception of lean and green concepts during the studied period of 1995-2005, the move 

towards environmentally conscious manufacturing was discussed by Florida (1996a) who found the 

infusion of lean and green in terms of advanced production mechanisms and innovative methods for green 

manufacturing. This research identified enterprises that are interested in using innovation in their 

manufacturing activities tend to be creative in tackling environmental risks by implementing green design, 

improving productivity and engaging in continuous improvements. King and Lenox (2001) showed 

empirical evidence on lean production having positive correlation with waste minimisation and pollution 

prevention. Rothenberg, Pil, and Maxwell (2001) found that elements such as buffer minimisation, work 

systems and human resource practices in lean thinking will entail management practices that are 

facilitative in efficient use of resources.  

 

Bandehnezhad, Zailani, and Fernando (2012)  presented survey results on how lean approach is connected 

with functional aspects of process and equipment, people, product design and customer satisfaction which 

derive positive impact on environmental performance.  Miller, Pawloski, and Standridge (2010) stated that 

simultaneous implementation of lean and green yield significant results on multiple parameters in 

operational performance. Yang, Hong, and Modi (2011)  pointed out that  the main purpose of lean 

practice, which is reducing process waste should be expanded to address environmental waste generation 
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and to improve environmental performance by means of establishing environmental management 

practices. It is vital for industries to practice lean management and environmental sustainability initiatives 

to yield the eco-advantages which will allow the firms to enjoy both economic and environmental 

benefits. Amani, et al. (2015) examined potential synergy between lean philosophy and green initiatives in 

improving the resource efficiency in food sector. It was found that a context specific lean six sigma root 

cause analysis method is conducive in improving efficiency. Bergmiller and McCright (2009) stated that 

models in lean and green context contains management system, identification of waste and establishing 

waste reducing techniques and affirmed that  the strength level of a management system has correlation 

with waste reduction techniques with consequence for firm’s lean and green programmes. Dües, Tan, and 

Lim (2013) showed the advantage of lean practice in implementing green initiatives and in converse green 

activities having positive effects on current lean approaches. As shown by many authors above, 

integration lean and green appears to be a promising coupled approach in achieving economic and 

environmental benefits in modern industry. 

4.2 Lean tools and practices  

 

Recently, researchers have shown an increased interest in different lean tools and practices which can 

positively influence sustainable business practices. Table 3 summarises the literature references on lean 

tools and practices which have positive impacts on improving environmental performance and thereby 

facilitate sustainable business practice.  
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Table 3: Effects of lean tools and practices on environmental performance 

 

Table 4 summarises the literature discourse on how “lean integrated tools/practices” can reduce 

environmental impacts.  

Table 4: Effects of lean integrated tools and practices on environmental performance 

Lean integrated 

methods/tools/practices 

Author and Year Action Impact on environmental 

performance 

Lean tool/lean practice Author and Year Impact on environmental performance 

5S Vais, Miron, Pedersen, and Folke 

(2006), Fliedner (2008), Chiarini 

(2014) 

 

Improve resource productivity, waste management and 

energy efficiency  

 

Employee involvement Maxwell, Briscoe, Schenk, and 

Rothenberg (1998), Rothenberg, 

et al. (2001), Soltero and Waldrip 

(2002), Simpson and Power 

(2005b) 

 

Effective implementation of environmental sustainability 

initiatives 

Adaptation of corporate 

culture 

Mollenkopf, Stolze, Tate, and 

Ueltschy (2010) 

 

Support from top management to implement sustainability 

culture 

Buffer level King and Lenox (2001) 

 

Improve waste management and  reduce pollution 

Cellular manufacturing Fliedner (2008), Bandehnezhad, et 

al. (2012), Chiarini (2014)   

Improve waste management and energy efficiency 

 

 

   

Kaizen events  

 

Rothenberg, et al. (2001), Soltero 

and Waldrip (2002),Vais, et al. 

(2006), , Miller, et al. 

(2010),Pampanelli, Found, and 

Bernardes (2014),Hong, Ga Yang, 

and D. Dobrzykowski (2014) 

 

Improve waste, water and chemical management, resource 

optimisation and energy efficiency 

 

Quality circles Maxwell, et al. (1998) Innovative ideas to improve sustainability, waste 

reduction, high employee engagement which leads to 

effective implementation of environmental sustainability 

initiatives 

 

Inventory reduction 

 

King and Lenox (2001), 

Rothenberg, et al. (2001),Venkat 

and Wakeland (2006)  

 

Improve resource productivity and waste management, 

reduce energy usage and emissions by transport 

Lean product flow Ball (2015) 

 

Improve energy efficiency 

Lean supply chain 

management  

Simpson and Power (2005a),   

Fliedner (2008), González-Benito 

and González-Benito (2008), 

Miller, et al. (2010) 

 

Improve waste management across the  network by 

collaborating with the suppliers 

 

Total Productive 

Maintenance (TPM) 

Fliedner (2008), Chiarini 

(2014),Piercy and Rich (2015) 

Improve resource productivity, waste management, 

chemical management and energy efficiency 

 

Value stream mapping 

(VSM) 

Simons and Mason (2003) 

Fliedner (2008), Vinodh, Arvind, 

and Somanaathan (2011), 

Faulkner and Badurdeen (2014), 

Brown, Amundson, and 

Badurdeen (2014) 

 

Identifying environmental impacts and assessing areas to 

be improved and improve energy efficiency and waste 

management 

Pull approach Fliedner (2008) 

 

Improve waste management and energy efficiency 

Six sigma Fliedner (2008) 

 

Improve waste management and energy efficiency 

Pre-production planning  Fliedner (2008) Reduce waste by planning for a greener manufacturing 

process  
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Sustainable value stream 

mapping 

(Sus-VSM) 

Faulkner and Badurdeen 

(2014), Brown, et al. (2014) 

Assess and monitor; energy, 

water consumption and GHG 

emissions, and areas of 

improvement will be 

suggested.  

 

Assess energy, water 

greenhouse gas emissions, 

noise levels, waste and water 

measurements and address 

areas of improvement  

Green value stream 

mapping  

Marimin, Darmawan, 

Machfud, Islam Fajar Putra, 

and Wiguna (2014) 

Green value stream defines 

seven sources of waste 

generation as the excessive 

use of energy, water, 

material, waste, transport, 

emissions, and damage to 

biodiversity  

 

Identify green waste other 

than lean waste and 

investigate on areas of 

improvement  

Waste flow mapping Kurdve, Shahbazi, Wendin, 

Bengtsson, and Wiktorsson 

(2015) 

Reducing material losses and 

inefficiencies in the handling 

of materials and waste. 

 

Identify waste material 

efficiency potentials 

4.3 Discussion of lean methods and environmental management 

In this section, we highlight lean tools/principles and practices associated with sustainable business 

practices under key work streams such as waste management, energy management, emission management, 

water management, chemical management and green supply chain management. Table 5 presents a matrix 

table between lean and lean integrated tools/practices and environmental management work streams 

which are further elaborated in the following sub-sections. 

 

Table 5: Lean and lean integrated tools/practice and environmental management work stream matrix 

           Lean 

and lean 

integrated 

tools/practices 
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Waste 

management                    

Energy 

management                   

Emission 

management                   

Water 

management                   

Chemical 

management                   

4.3.1 Lean methods and waste management 

 

In general, industry adopt waste management practices which include steps of ‘reduce, reuse and recycle’ 

towards minimising landfill waste (Schaper, 2002). The majority of environmental initiatives in existing 

business scenario are end of pipe treatments. Many small enterprises are resistant to be proactive and 

embark on sustainability measures due to major capital costs incurred in changing raw materials or 

process designs and thereby end up implementing ad-hoc solutions (Hillary, 2000).  

 

Ōno (1988) defined “lean manufacturing” as a business strategy that mainly focus on reducing non-value 
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adding waste such as transport, inventory, motion, waiting, over production, over processing and defects. 

Florida (1996b) was one of the first authors who discussed lean and green concepts during the study 

period of 1995-2015. Florida (1996a) showed that the fundamental principle of lean management is to add 

more value to the customers by omitting non-valued activities from the value chain. The main purpose is 

to eliminate waste, optimize resources, which can be directly linked to critical environmental issues such 

as pollution. Lean focus is on achieving high quality standards throughout the process, not merely solving 

a problem when it arises, as a short term measure will not sustain in the long run.  Environmental impacts 

of a manufacturing process should also be anticipated beforehand and must adopt proactive measures to 

prevent irreversible consequences. This is consistent with the cleaner production concept of addressing the 

waste at the point of generation (King & Lenox, 2001; Sawhney, Teparakul, Bagchi, & Li, 2007). 

 

Bergmiller and McCright (2011) proposed a holistic waste reduction programme synergising green and 

lean programmes which provide advantage in delivering better business results. Cleaning up the dirty 

dozen of waste: seven from lean programme (transport, inventory, motion, waiting, over production, over 

processing and defects) and five from green programme (water waste, hazardous waste, energy waste, 

solid waste, and greenhouse gases) have synergistic effects on integrated waste management system. 

Different mapping tools such as green value stream mapping (Marimin, et al., 2014), waste flow mapping 

(Kurdve, et al., 2015), process mapping (White & James, 2014) were found to observe and visualise the 

point of generation of green waste. These mapping tools are effective in evaluating environmental impact 

caused by the process activities. These mapping tools can be amalgamated with life cycle assessment 

(LCA) as it evaluates potential environmental impacts associated with the inputs and outputs at each phase 

of the process. The scope of it can be defined according to the accessibility of data in the process. Other 

specific tools such as calculation of ecological footprint of a product will be an effective quantitative 

parameter to assess as the area of land required to extract resources and emit waste when producing it. In 

this ways incorporation of lean tools and green waste management can yield better results in reducing 

financial costs and negative environmental impacts. Several authors provided evidence on positive effects 

of lean and green combination on waste management (Folinas, Aidonis, Triantafillou, & Malindretos, 

2013; Galeazzo, Furlan, & Vinelli, 2014) and some authors used case studies to further demonstrate 

quantitative results in waste reduction (Amani, et al., 2015).  

 

5S is conducive in creating a clean work environment, minimising waste by early detection of spills, leaks 

and encouraging employees to dispose waste systematically (Chiarini, 2014; Fliedner, 2008; Vais, et al., 

2006). Total productive maintenance (TPM)  support environmental management (Vais, et al., 2006) and 

is advantageous in reducing several impacts caused by machine operations such as; reducing leakage of 

oil and emissions of dusts, and chemical fumes to the environment (Chiarini, 2014). Value stream 

mapping is useful in determining the environmental impacts in the manufacturing process (Brown, et al., 

2014; Chiarini, 2014; Esfandyari, Härter, Javied, & Franke, 2015) and to improve environmental 

performance through reducing the scrap material and defects (Fliedner, 2008). However, Sobral, Sousa 

Jabbour, and Chiappetta Jabbour (2013) showed that even though the companies believe practicing lean 

could improve environmental performance the is a lack of a holistic approach in attaining synergistic 

results. For examples industry does not capitalise on the association between value stream mapping and 

life cycle analysis. As an extensive approach Faulkner and Badurdeen (2014) presented a Sustainable 

value stream  mapping, comprehensive methodology to further develop value stream mapping by 

recognising suitable metrics and methods to visually present environmental waste. Brown, et al. (2014) 

distinguished the features of a traditional value stream mapping and a sustainable value stream mapping 

by pointing out that sustainable values stream mapping address raw material waste, process water waste, 

energy waste under environmental metrics which was not captured in the traditional value stream 

mapping.  

 

Kaizen is an approach supporting continuous improvement and it facilitates activities in minimising 

material waste and pollution (Miller, et al., 2010; Pampanelli, et al., 2014; Vinodh, et al., 2011). This 

approach can be integrated with Environmental Management Systems (ISO 14001) in sustainable business 

practices as continuous improvement plays a key role in it as well. Quality circles play a key role in 

identifying issues in the process from employees and getting innovative solution from them (Maxwell, et 

al., 1998). Participation of people is considered to be a critical factor in implementing lean management 

system (Amani, et al., 2015; King & Lenox, 2001; Maxwell, et al., 1998; Soltero & Waldrip, 2002), 

likewise “people involvement” is imperative in carrying out environmental practices (Rothenberg, et al., 

2001). This process is useful in effective implementation of initiatives as the employees have ownership 

in implementing their own idea.  Even in sustainable business practice having quality circles to analyse 

problems and by brainstorming or by using “cause effect diagrams” will be useful. Furthermore 
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champions could be selected from these lean quality circles and sustainability circles based on the 

creativity of the solutions they present. They could be recognised and rewarded for implementing those 

solutions. Thereby the execution their ideas could be assured. 

 

4.3.2 Lean methods and energy management 

 

Moscardo (2013) showed that energy management requires behavioural changes in people (to reduce 

wasteful energy usage) and energy efficient technologies (e.g.: installation of energy efficient appliances, 

improve lighting systems while maximum utilisation of natural light, green building designs, zero 

emission transport, use of renewable energy solutions etc.). Moscardo (2013) highlighted the importance 

of shifting from fossil fuel to renewable energy such as hydro, geothermal, wind, solar and biomass power 

which are sustainable energy solutions.  

 

Rothenberg, et al. (2001) showed that efficient use of energy and lean practices are positively correlated. 

Several lean tools such as cellular manufacturing, lean product flow, total productive maintenance, 5S and 

value stream mapping (Table 5) have positive effects on efficient energy management. Cellular 

manufacturing leads to decrease in energy by means of lower set up times and lesser product changeover. 

Furthermore reduced inventories demand less floor spacing which reduces the energy consumption. 

(Bandehnezhad, et al., 2012; Chiarini, 2014). Few authors identified the importance of lean integrated 

tools such as sustainable value stream mapping which used an energy metric to monitor and evaluate the 

energy usage in processes (Brown, et al., 2014; Faulkner & Badurdeen, 2014). After inquiring further 

Chiarini (2014) showed quantitative results on lean tools having positive impact on energy management 

by proving a positive correlation between 5S and energy efficiency due to reduced space in manufacturing 

functions. Similarly using total productive maintenance also showed decreased energy consumption. 

Using lean tools such as Kaizen (Pampanelli, et al., 2014), value stream mapping (Folinas, Aidonis, 

Malindretos, Voulgarakis, & Triantafillou, 2014) authors suggested systematic approaches which 

significantly reduced energy consumption. Ball (2015) investigated the effects of lean product flow on 

energy consumption and found that a significant financial savings could be made not only at the point of 

occurrence of energy usage  but as a complete lifecycle (e.g.: heat that was produced as waste in one 

process can be re-used to another process). As the primary objective of business is profit maximisation in 

neo classical economic system, quantifying the benefits in monetary terms is appealing to industrialists. 

With the increasing prices in fuel and energy, making substantial energy reductions will lead to win- win 

situation to both economic and environmental performance in business enterprises.  

 

4.3.3 Lean methods and emission management 

 

According to IEA (2007) nearly 31% of global primary energy is consumed by the manufacturing 

industry. This can be directly linked to carbon emission and climate change which is a global 

environmental concern.  On the other hand combustion of fossil fuel such as coal, fuel and natural gas will 

cause emission of carbon monoxide, sulphur dioxide, nitrous oxide and heavy metals. Hence it is essential 

to adopt clean technologies and shift to renewable energy options.  In order to manage emissions, 

strategies and tools such as carbon footprint analysis, strategic assessment of climate risks and 

opportunities, energy efficient measures, renewable energy use, emission trading and investing in carbon 

credits were suggested (Moscardo, 2013).  

 

King and Lenox (2001) provided empirical evidence on reduction of emissions as an effect of  lean 

production. Rothenberg, et al. (2001)  indicated that lean practices and reduction of volatile organic 

compounds are negatively related through the empirical data gathered by surveys and interviews. 

Azevedo, Carvalho, Duarte, and Cruz-Machado (2012) pointed out that carbon taxes has direct impact on 

economic and environmental performance. When environmental taxes were imposed on businesses in 

terms of increasing fuel prices, this led to increased price in products. This was enacted with the aim of 

reducing greenhouses gas emissions. An immediate reduction in greenhouse gas emission is necessary as 

adaptation and mitigation measures for climate change. 

 

Ball (2015) investigated the use of flow principle in decreasing energy utilisation which also led to 

reduction of gaseous emissions. Chiarini (2014), found that total productive maintenance supports to 

reduce emissions of dust and chemical fumes into the environment. Wu, Low, and Jin (2013) 

recommended to follow a value stream mapping to identify non-value adding components in the process 

and the employees in industry should be trained to conduct a smooth workflow which will lead to 

reduction in carbon emissions. As an extension of value stream mapping Faulkner and Badurdeen (2014) 
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noted the importance of using energy metrics in “sustainable value stream mapping” as it is directly linked 

to the emission of greenhouse gases. Simons and Mason (2003) showed that sustainable value stream 

mapping can lead to, end-to-end (from raw material to product) carbon dioxide reduction. Ng, Low, and 

Song (2015) suggested a carbon- value efficiency methodology which infused value stream mapping and 

Kaizen showed a significant improvement in carbon value efficiency and reduction in carbon footprint.  

 

In contradiction Venkat and Wakeland (2006) showed that lean supply chains are not necessarily green; 

even though “reduction of inventory levels” results in minimising emissions, “frequent replenishment” 

raise the carbon dioxide emissions due to increase in transport. This shows that not all lean tools and 

practices are green and organizations should deliberately choose these tools when integrating to 

sustainable business practice. Rothenberg, et al. (2001) pointed out that trade-offs between lean and green 

are unavoidable. For example painting cars in batches of similar colour will minimise emissions. In 

converse lean approach will use spray paint to obtain better quality and efficiency which has negative 

effects on the environment. However Rothenberg, et al. (2001) showed that some lean firms are willing to 

compromise on some lean practices to mitigate their emissions.  

 

4.3.4 Lean methods and water management 

 

 

“Water efficiency” approaches can minimise the rate of water consumption in industries. By reducing 

pollution during the process, increase the capacity of water for reuse and reduce waste water. Raising 

awareness on sustainable water management among employees and training them continuously will 

ensure the appropriate use of “water efficiency” and “pollution prevention” approaches (Byers, Lindgren, 

Noling, & Peters, 2010).  

 

Vais, et al. (2006) pointed out that Kaizen focus on continuous improvement and Kaizen workshops and 

trainings have caused people to changes their attitudes toward proper housekeeping and 3R (reduce, reuse, 

recycle). By inculcating that culture, employees are motivated to use recycled process water, to 

responsibly consume and discharge water. Folinas, et al. (2014) suggested a systematic approach using 

value stream mapping technique to measure water consumption. However this lacks a proper monitoring 

and continuous improvement in water efficiency and hence sustainable value stream mapping was 

developed including water metrics. This monitors the water consumption level during manufacturing 

activities and represents important areas to evaluate and to be considered for improvement (Brown, et al., 

2014; Faulkner and Badurdeen (2014)). 

 

Integrated lean and sustainable water management practices could be improved further by amalgamating 

sustainable corporate environmental initiatives such as assessment of water consumption (e.g.: central 

water metering, sub metering), sustainable sourcing of water, treatment of waste water, re-use of treated 

waste water for other purposes such as gardening toilet flushing, installing water efficient fittings, rain 

water harvesting, drip irrigation for landscaping, raising awareness and training employees etc.  

 

4.3.5. Lean methods and chemical management 

 

In the past years restricted substance list has attracted much attention while sustainable businesses orient 

towards green chemistry. Many manufacturers were challenged by these restricted substance list which 

were found in the chemicals and raw material they used for their production process as those are toxic for 

humans and environment (Das, 2013). Organizations should ensure safety of people and environment 

through proactively understanding and prudently selecting every chemical and raw material used in their 

manufacturing process. 

 

5S is a popular practice in many organizations which is conducive in creating a cleaner and a methodical 

work place. Bandehnezhad, et al. (2012) described 5S as an approach for organizing the work 

environment in a better way, and to identify spills and leaks which is important in reducing chemical and 

material usage. Chiarini (2014) showed how total productive maintenance could be used to reduce impacts 

on machines such as oil leakage, emissions of dust and chemical gases to the environment. Pampanelli, et 

al. (2014) showed how Kaizen events caused considerable reduction of general chemical products 

consumption when applying lean and green model for production cell. Kaizen is an approach for 

continuous improvement and this concept is the underlying principle for environmental management 

system as well. This shows similar core concepts in both lean and green thinking. 
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4.3.6 Lean methods and green supply chain management 

Lean, green and supply chain management was discussed by several authors in the past and state-of -art 

literature reviews were published with regard to links between lean, green and supply chain management.  

Mollenkopf, et al. (2010) investigated literature and found drivers, barriers, converging and contradictory 

points across green lean and global supply chains. Lean supply chain management plays a key role in 

implementing environmental sustainability initiatives across supply chain and finally to deliver all 

potential advantages of a green supply chain management strategy (Mollenkopf, et al., 2010). Martínez-

Jurado and Moyano-Fuentes (2014) assessed the literature on the relationships between lean management, 

supply chain management and sustainability and classified literature along with empirical evidence. 

Azevedo, et al. (2012) highlighted that firms implement lean and green paradigms to manage their supply 

chain for this purpose they presented a theoretical framework to analyse the effect of green lean upstream 

supply chain management on sustainable development. Wiengarten, Fynes, and Onofrei (2013) showed 

that there are possible synergistic effect between environmental and quality/lean practices in supply 

chains.  

4.4 Lean and green model/ approaches and frameworks 

 

In recent years, there has been an increasing amount of literature on lean and green models, approaches to 

integrate lean and green and paradigms. A number of studies analysed literature and developed conceptual 

models and some of them were validated with case studies. Out of those models, several attempts have 

been made to numerically construct optimisation or simulation model. Table 6 encapsulates the literature 

on conceptual, empirical and validated conceptual model/ approaches and frameworks. 

Table 6: A summary of lean and green models and approaches found in the literature 

Proposed model  Model Type * Context 

Optimization model  Validated 

conceptual 

Specific-Cyclic pallet 

system 

SIRIM Green 5-S Model for Sustainable 

Development/Integrated Lean Management System Model 

 

 Validated 

conceptual 

General 

Model which indicates the relationship between Green Lean Six 

Sigma (GLSS) and Financial Performance (FP) 

 

 Conceptual Specific- automotive 

industry 

Integrated  Lean, Agile, Resilient and Green (LARG) analytic 

network 

process (ANP) model to support decision-making 

 Validated 

conceptual 

Specific-automotive 

supply chain 

Simulation model  Conceptual General- for generic 

supply chain 

Lean-ecosphere' management system- using interpretive 

structural modeling (ISM) and analytical network process (ANP). 

 

 Validated 

conceptual 

Specific- manufacturing 

semiconductor 

Simulation model  Validated 

conceptual 

Port  

Interpretive structural modeling approach   Conceptual Automotive supply chain 

Conceptual framework   Validated 

conceptual 

Automotive  

Interoperability analysis model  Validated 

conceptual 

Automotive 

The model of efficient and sustainable improvements in a lean 

production system 

 Validated 

conceptual 

Forming tube company 

Lean & Green Model  Validated 

conceptual 

Automotive  

An approach for incorporating both lean and green strategies into 

a manufacturing system 

 Validated 

conceptual 

Automotive 

Model incorporating lean and green supply chain into a 

performance measurement system, using the balanced scorecard 

approach 

 Conceptual Supply chain 

A supply chain planning model   Validated 

conceptual 

Manufacturing- tank, 

cylinders and containers 

Carbon-Value Efficiency (CVE)  Validated 

conceptual 

Metal stamp part 

producer 
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A stage-based theoretical model of lean-sustainability  Validated 

conceptual 

Multisector 

Environmentally Lean (En-Lean)  methodology  Validated 

conceptual 

Metal cutting industry  

A conceptual model with lean, agile, resilient and green practices 

and supply chain management attributes 

 Conceptual Supply chain 

Integrated lean tools and sustainability concepts with discrete 

event simulation modeling 

 Validated 

conceptual 

Furniture industry 

Structural model  Validated 

conceptual 

 

Manufacturing 

Integrated sustainable practices model incorporating the most 

popular lean, green, and social practices 

 Validated 

conceptual 

Auto fashion 

* 1. Conceptual = composition of concepts, which are used to help people know, understand, or simulate a subject; 2. Validated 

Conceptual = conceptual model being validated for a particular application/case study or tested with empirical evidence from 

industry 

 

At the outset of developing green and lean models it is important to identify the overlapping sections of 

both practices to achieve the best cumulative results in environmental and economic performance. Dües, 

et al. (2013) stated common attributes such as waste, waste reduction techniques, people and organization, 

lead time reduction, supply chain relationship, KPI: service level which lies in the intersection of the two 

subsets of lean and green. Based on selected attributes number of authors developed conceptual models 

and some authors validated their conceptual models by obtaining empirical data. This section of the 

review analysed 22 articles on lean and green models/frameworks and approaches which included 5 

conceptual models and 17 validated conceptual models (Table 6). In most cases the conceptualised models 

were validated in a specific industrial context, where majority of these were from automobile industry 

(32%) and   manufacturing industry (27%). This high proportion in automobile and manufacturing field in 

general can be justified as the lean manufacturing system/Toyota manufacturing system originated from 

automobile context. After successful implementation of lean manufacturing system in these industries, 

they have taken leadership in incorporating environmental sustainability aspect into lean thinking. The 

third highest numbers of models (18%) were applied to supply chain context. This  indicated that there is a 

significant emergence in lean–green supply chain management field which was also evident in the 

extensive reviews done by Martínez-Jurado and Moyano-Fuentes (2014) and Mollenkopf, et al. (2010).  

  

Out of the validated conceptual models analysed Aguado, Alvarez, and Domingo (2013) proposed a 

model to harmonise efficiency and sustainable improvement in a lean production system based on 

environmental innovation. The pull methodology and extended value stream mapping were instrumental 

in implementing this model. However limited availability of data bases to acquire information is a 

constraint in application of this model. This model can be further improved by amalgamating sustainable 

business archetypes suggested by Bocken, Short, Rana, and Evans (2014) which are maximise material 

and energy efficiency, create value from waste, and substitute with renewable and natural processes under 

technological innovation.   

 

Pampanelli, et al. (2014) presented a model which amalgamates lean and green thinking to be applied for 

manufacturing at a cell level which aims to decrease waste during production and minimise negative 

effects on the environment. But the proposed model is constrained to a cell level in manufacturing 

context. Since this model is applied for a cell level, the applicability for plant level could be incorporated; 

this could even be expanded for upstream and downstream supply chains. Ng, et al. (2015) presented a 

method which integrate and implement lean and green practices which was consistent with previous work 

of Brown, et al. (2014),Faulkner and Badurdeen (2014), Kurdve, Zackrisson, Wiktorsson, and Harlin 

(2014) and Marimin, et al. (2014). As Brown, et al. (2014) suggested to narrow the scope of metrics by 

having focus on a narrow area which could be widely applicable Ng, et al. (2015) proposed a carbon-value 

efficiency (CVE) which could be used as a standardization tool to assess the amount of value added time 

produced per unit of carbon footprint.  There is limited generalizability in this application was specific 

metal stamp production context. This could be further improved by applying for multiple case studies 

from different industries. This model could be further integrated with sustainability approaches such as 

zero emissions initiatives and low carbon manufacturing solutions.  Lean and sustainability were further 

modelled by Yang, et al. (2011) showing lean manufacturing as vital precursor of environmental 

sustainability practice and Piercy and Rich (2015) a stage-based theoretical model of lean-sustainability. 

Future research can be carried out on developing scales and calibration tools for multiple dimensions of 

environmental sustainability. Also further applied for different industries and even for supply chain can be 

considered. The compatibility of life cycle assessment with the lean and green model would be 

prospective future research. Carvalho, Duarte, and Cruz Machado (2011) conceptualised a model to 
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identify the synergistic effects, divergences caused by lean, agile, resilience and green paradigm. This 

study was constrained to principle paths between KPIs (key performance indicators) and supply chain 

features. Agility is a critical ability for many organizations to quickly adapt and thrive forward in a 

changing business environment. Therefore integration of this concept for lean and green could open 

opportunistic pathways to thrive forward in the competitive business industry. Wu, et al. (2015) suggested 

an integrated sustainable practice model; considering prevalent lean green and social practices. The 

framework proposed that the integration of practices will affect the triple bottom line than individually 

implementing the activities. In addition this model could further improve the social practice aspect by 

using concepts as “consumer care” as there is an increasing trend on being conscious on consumer 

wellbeing. This model was validated using a case study in auto fashion industry in China and hence there 

is limited generalizability. A larger sample of multiple case studies could be used to further validate this 

model. 

 

Out of these validated conceptual models some authors used mathematical modelling, simulation and 

optimisation. For example Diaz-Elsayed, Jondral, Greinacher, Dornfeld, and Lanza (2013) proposed an 

approach which required creating a discrete event simulation model. This model could be developed 

further by adding quantitative and qualitative environmental management practices within the industries 

such as lighting levels, air condition, compressed air (e.g.: actual heat load, AC efficiency), electrical 

systems (e.g.: power factor, load scheduling), boilers (e.g.: capacity) etc. and identify quantifiable costs 

and benefits related to these green strategies. This method could be also used as an internal calibration 

tool for the organization to assess and benchmark environmental performance along with operational 

performance. Sawhney, et al. (2007) presented the En-Lean method to facilitating the developing 

association of lean practices and environmental considerations for a specific process by using  HTML and 

JavaScript codes. Miller, et al. (2010) also proposed a model which leads the analysts to investigate 

manufacturing process by using mathematical optimization in choosing the suppliers which resulted major 

financials savings in terms of transportation and partnering fewer suppliers to one step. Fahimnia, Sarkis, 

and Eshragh (2015) suggested a tactical supply chain planning model (complex mathematical model and 

solution approach) to assess the trade-offs among cost and deterioration of the environment by means of 

carbon gas emissions, energy usage and waste production. For wider application of these models these 

could be tested in different industries considering similarity in environmental impacts. However in using 

mathematical model, simulation and optimisation; the requirement of data and the complex nature of the 

model may be challenging for certain organizational contexts. The factors of the volatile external 

environment such as government regulations, polices and competitions by other companies in the industry 

can be incorporated to improve these models.  

 

In discussing the role of supply chain Duarte, Cabrita, and Machado (2011) proposed a conceptual model 

combining lean and green supply chain into a performance measurement system, utilising the balanced 

scorecard method. Hajmohammad, Vachon, Klassen, and Gavronski (2013) also posited a model that 

shows supply chain management encourage and lean practices are positively influencing environmental 

performance. Integrating the concept of “sustainable sourcing” for the lean supply chain management 

could pave the way for better performance in lean and green supply chain management.  

 

For successful implementation of sustainable business practice; green leadership (top management support 

for sustainability), strategic green management (greener vision, environmental policy); people 

engagement, inculcation of sustainability culture, environmental management systems with continuous 

improvement, environmental auditing, environmental foot printing (carbon, ecological, water etc.) are key 

drivers. This criticality is evident in the study conducted by (Duarte and Cruz-Machado (2013)) 

investigating different business models represented in awards, standards and frameworks which are 

capable of  contributing to modelling a lean and green approach for an organization and its supply chain. 

The findings revealed that majority of models considered supply chain, need for leadership, strategic 

planning, people, processes, stakeholders and results as important elements for change in culture and 

continuous improvement in organizations. Lean practices could be aligned with sustainability to optimise 

material efficiency, energy efficiency, water efficiency (e.g.: green manufacturing) and to shift from 

conventional processes to renewable energy options and biomimicry design processes. For this purpose 

lean and green frameworks can be combined integrated with environmental management practices such as 

environmental management systems, environmental policy, environmental auditing, life cycle analysis, 

green manufacturing, zero emission initiatives, biomimicry, cradle to cradle etc. These constructs provide 

a good breeding ground for a number of future researches which could be beneficial in both academic and 

industrial arena.  
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5 Conclusions 

 

Sustainable business practice is influenced by numerous elements such as environmental management 

systems, policies, auditing, life cycle assessment, reporting, legal litigations and risks, triple bottom line 

etc. Lean thinking is viewed as an underutilised pathway which could be used to yield better results from 

integrating with environmental sustainability. As the global cleaner production and sustainable 

consumption conference is celebrating two decades of journal publications this review is aimed to analyse 

research publications over the last twenty years and discuss implications for probable future. This 

discussion was twofold; comprising potential lean practices that are much readily available for 

industrialists, and targeted interventions to transfer lean thinking as solutions in the future. These 

interventions intent to harness the best outcomes by integrating lean thinking to sustainable concepts such 

as resource productivity and whole system approach. 

 

From a resource efficiency perspective lean thinking is a critical approach, but still underutilised within 

the modern industrial system. Lean practices were commonly found in manufacturing sector, especially 

automobile and was emerging in construction, metal, food and other sectors. The review analysed specific 

lean tools which could be utilised to reduce specific environmental impact and models integrating lean 

and green. The review presents a number of lean and lean integrated tools and practices such as value 

stream mapping, total productive maintenance, employee engagement, Kaizen, 5S, inventory reduction 

etc. addressing green waste, energy and emissions but there is a lack of lean practices to support chemical 

and water management. Therefore academics and practitioners could study lean tools or lean integrated 

practices to incorporate with chemical and water management. In considering the green and lean models 

there were various conceptual and validated conceptual models which were mostly applied for a specific 

industry or a context. This establishes a gap of knowledge in a system for being able to consider different 

categories of environmental impacts in different industries and choose best lean tools or models for that 

problem in a way to ensure holistic exploration (i.e.: spanning all environmental issues not just waste and 

energy streams). This will be helpful for linking them with specific lean tools to a larger scope of 

environmental issues and reduce the magnitude of the impact. Future research should be carried out to 

develop a system to fulfil above gap and to determine the compatibility of lean practices with 

sustainability concepts such as low carbon manufacturing, green chemistry, biomimicry, industrial 

ecology and regenerative design. This way we could further explore the synergistic effect of above 

elements on lean and green business process management.  

 

More attention should be paid to understanding the gaps highlighted above and delve more deeply into, 

how this integration of lean and green paradigm should be executed as a pathway for corporate sustainable 

development. Structuring, categorising and finding relationship between sustainable work streams and 

lean practices can stimulate academics to conduct further research on simultaneous implementation of 

lean and sustainable business practices and their compatibility. In addition industrialists can view more 

opportunities in lean thinking not only towards excellence in manufacturing but also fulfilling their 

responsibility towards the environment as a collective effort. This paper will be for the benefit of both 

researchers and industrialists in gaining valuable information on the influence of lean practices in 

increasing corporate environmental sustainability. And thereby it will explore new paradigms and 

pathways to achieve a balance in environmental and economic priorities in sustainable business practice. 
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