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Abstract

:

The current rapidly changing and highly competitive market has put companies under a great pressure towards adopting sustainable practices, in terms of keeping a healthy balance among economic, environmental and social performances. In this context, the lean-green manufacturing approach, which combines lean practices focused on customers’ demand, and green practices focused on reducing the business’ environmental impact, has gained popularity. Nevertheless, the lean-green manufacturing is still a relatively new practice, lacking a clear and structured research definition, and of significant evidence of successful cases in the practice. In this paper, a literature review is conducted to identify the actual possibility of combining lean and green practices, the current trends for implementing such combination and the potential sustainability improvements such implementation can lead. It is the authors’ intention that the findings analysed in this paper can contribute to the state-of-the-art of lean-green manufacturing and provide practitioners with a useful tool towards developing effective strategies for its deployment.
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1. Introduction


For several years, manufacturing practices have been mainly focused on satisfying or creating needs, while keeping competitiveness in terms of product quality, time to market and innovation. In particular, lean manufacturing, first introduced for the automotive industry in Japan, has largely been considered to be one of the most influential manufacturing paradigms. Lean manufacturing provides organisations with the tools to improve their competitiveness based on increasing value to customers, in terms of productivity, efficiency, quality and costumers’ satisfaction, by reducing the resources consumption via waste elimination. These kind of manufacturing philosophies based on customers’ demand, together with the improved people living’s standards, have led to a growing product demand, fulfilled by a huge amount of produced goods, ending up in an increasing generation of pollution and wastes. In this context, companies are urged to become more proactive regarding their environmental and social stance, moving towards more sustainable manufacturing practices, in terms of the well-known Triple-Bottom-Line (TBL) sustainability conceptualisation [1] (shown in Figure 1), which suggests that a company would be able to achieve sustainable results provided it is capable of improving environmental, social and economic performances simultaneously. In this line, researchers have started to consider lean manufacturing with a renewed interest towards developing greener solutions capable not only of minimising wastes, but also of reducing, by extending, modifying and updating lean methodologies, the environmental and social negative impacts of the traditionally used industrial practices [1,2,3,4,5,6,7,8,9,10,11].



Although some promising results have been reported in the literature by adapting lean practices to address greener objectives [3,4,6,12], there are many researchers that argue that lean practices have not reached the maturity level required to ensure sustainability yet [4,13]. In this line, they have suggested that, in order to be able to achieve sustainable results, the implementation of green manufacturing practices should also be considered [9]. Green practices are focused on reducing hazardous emissions, getting rid of the consumption of wasteful resources, recycling, and minimising health risks throughout the entire manufacturing process, by minimising the environmental footprint during the whole product life cycle [14]. Nevertheless, although green practices can fulfil the market’s greener expectations by extending the “waste reduction” idea proposed by lean manufacturing, in the sense of reducing waste, pollution, raw material usage and energy consumption, the relationship between green practices and the economic performance remains unclear. On one hand, there are researchers that agree that green strategies, such as Design for Environment (DfE) or Green Supply Chain Management (GSCM), optimise the interaction of the economic and the environmental systems, producing a sustainable development and enterprise integration [15,16,17,18]. On the other hand, there are researchers that state that green practices are not enough to ensure sustainability [19]. Moreover, practitioners often argue that green practices can be a burden for reaching improvements regarding design and production processes [20,21]. In this conflicting context, researchers and practitioners agree that neither lean nor green practices have demonstrated to be able to keep the expected balance among economic, environmental and social aspects when implemented individually [13,22,23,24]. Then, in order to fulfil the current sustainability requirements, the combination of lean and green practices so that their strengths can be enhanced, and their weaknesses can be mitigated, have been proposed.



To combine lean and green manufacturing approaches is a very complex and challenging task [10,14,25,26,27,28]. In addition, although research regarding the individual implementation of lean and green manufacturing approaches abounds, there is still much research to be conducted regarding their integration into a single approach [9,28]. Moreover, in a recent literature review study presented in [26], conflicting results have been reported regarding whether green and lean practices are actually suitable to work together. On one hand, there are researchers that favour their integration [26,28], arguing that they can support each other, generating a synergetic effect, in the sense that their strengths can be enhanced while their weaknesses can be mitigated. On the other hand, there are the ones who do not favour their integration [29,30], arguing that both approaches differ in their main objectives, being sometimes incompatible. In this conflicting context, further research needs to be conducted towards evaluating the actual possibility of integrating the lean and green approaches, the potential of the combined approach and its influence on sustainable aspects in terms of economic, environmental and social performances. In order to fill these research gaps, a Systematic Literature Review (SLR) is conducted in this paper. The main contributions of this paper are as follows:




	
Provide a deep insight into the current trends in lean and green approaches analysing their main similarities, differences, compatibilities and conflict of interest in order to evaluate whether they can be integrated into a single combined approach.



	
Identify the most relevant currently available lean-green combination strategies in the literature, highlighting their main gaps, benefits and limitations.



	
Evaluate the capability of the lean-green combined approach of fulfilling the current sustainability requirements in terms of improving economic, environmental and social performances simultaneously.



	
Identify success factors to improve sustainable results based on the lean-green approach.








The remainder of the paper is organised as follows. In Section 2, the research method used in this paper to conduct the literature review, is described. In Section 3, a synthesis of the SLR results is presented. Section 4 is devoted to the analysis and discussion of the findings of the SLR. Finally, in Section 5 the concluding remarks are discussed.




2. Research Method


A well conducted literature review should be able to give researchers a clear picture regarding the main issues of the area in order to identify the current gaps in the literature and close the related subjects where plethora of research has already been reached [31]. In this paper, a SLR, which consists of a precise, transparent, explicit, and reproducible method, is conducted. According to [32], it is crucial to clearly explain how the SLR is conducted for the sake of transparency. The SLR conducted in this paper, follows a series of well-structured steps introduced in [33]. First of all, the research questions that are intended to be answered by the SLR are formulated. In a second step, the different contributions are located. This phase includes the choice of specific search terms and databases. Then, these contributions are selected according to an inclusion/exclusion criterion, in order to be evaluated and summarised. Finally, the analysis of all the selected contributions is carried out in order to draw the corresponding conclusions and propose further research directions based on them. Table 1 summarises the different steps involved in the SLR conducted in this paper.



2.1. Research Questions


The SLR conducted in this paper is aimed at giving a deep insight into the current trends in lean and green manufacturing in terms of their actual capability of being integrated into a single approach, making especial focus on the potential that such combination can have towards improving the whole company’s sustainability performance. In this line, the following research questions should be answered:




	
Which are the actual possibilities of integrating lean and green practices into a combined approach?



	
Which are the most relevant strategies proposed in the literature to implement the combined lean-green approach?



	
What is the actual (and expected) impact of implementing the combined lean-green approach in the companies’ sustainability performance?









2.2. Location and Selection of Studies


2.2.1. Databases


The location of the relevant contributions related to the research questions introduced in Section 2.1 has been carried out resorting to different database resources. In particular, the following EDs have been used:




	
ACM (dl.acm.org)



	
Elsevier (sciencedirect.com)



	
Emerald (emeraldinsight.com)



	
Google Scholar (scholar.google.com)



	
IEEE (ieeexplore.ieee.org)



	
Scopus (scopus.com)



	
Springer (springerlink.com)



	
Taylor & Francis (T&F) (tandfonline.com)



	
Wiley (onlinelibrary.wiley.com)









2.2.2. Time Period


Although the sustainability concept has largely been discussed, it was not until the Brundtland’s report in 1987 that the World Commission on Environment and Development (WCED) provided a widely accepted definition of sustainability as “the development that meets the needs of the present without compromising the ability of future generations to meet their needs” [34]. Since then, the amount of contributions regarding environmental and sustainable aspects of manufacturing has significantly increased. In addition, several researchers highlight the release of environmental standards such as the ISO 14,001 in 1996 as an important turning point in companies’ sustainability awareness [9]. Taking this into account, and in order to focus on the most recent contributions to the area, the period from 2000 to 2018 will be considered to collect the articles.




2.2.3. Search Strings


The main aim of the SLR conducted in this paper is to analyse the compatibility of the currently available lean and green practices, in terms of similarities, differences and synergy, towards evaluating the possibility of combining them into a single approach capable of achieving sustainable results. The used search strings should allow properly covering the addressed topic ensuring the completeness of the literature exploration. In this line, the used search strings take as initial research points the following topics:




	
Compatibility between lean and green manufacturing practices: similarities, differences and synergy.



	
Main strategies towards implementing the combined lean-green approach.



	
The lean-green approach and its potential to achieve further improvements in the companies’ sustainability performance.








Based on these starting points, the used search strings in this paper include (lean and green compatibility), (lean vs. green), (lean-green manufacturing), (lean-green manufacturing trends), (sustainable lean manufacturing), (sustainable green manufacturing), (sustainable lean-green manufacturing), (lean-green manufacturing sustainability impact). When using the proposed search strings, some duplicated articles were found. The duplicated articles were discarded, and the search stopped at the point where duplicated articles keep appearing and no new articles were found. Then, the resulting articles are filtered according to their publication date using the time period described in Section 2.2.2. Finally, the abstracts of the remaining articles are analysed towards deciding whether they are relevant to the addressed topic, removing the ones that are not related to the addressed topic or that are out of the scope of the SLR conducted in this paper.




2.2.4. Search Results


Applying the search criteria described in Section 2.2.1, Section 2.2.2 and Section 2.2.3 resulted in a total of 45 selected articles. Among them, 34 (75.5%) are from International Journals, 10 (22.2%) are from Proceedings of International Conferences, and one (2.2%) is from a book, as shown in Figure 2.



This shows that international journals are currently the preferred option by researchers to divulgate their research findings. This is probably due to the widely accepted idea that such type of publications enjoy a higher status than, for instance, the conference proceedings [32]. The most recurrent journals in the conducted search are the Journal of Cleaner Production (https://www.journals.elsevier.com/journal-of-cleaner-production) (Impact Factor (IF) 2018: 6.395, SCImago Journal Rank (SJR) 2018: 1.620) and the Journal of Production Economics (https://www.journals.elsevier.com/international-journal-of-production-economics) (IF 2018: 4.998, SJR 2018: 2.475), with 11 (24.4%) and 4 (8.8%) contributions among the selected ones, respectively. This allows some observations. Firstly, the high IF and SJR indices of these journals validates the relevancy of the selected articles and suggests that researchers tend to publish their contributions in specialised journals, which is in line with the findings in [35]. Secondly, researchers working on lean-green manufacturing prefer to publish their contributions in journals that are associated with a cleaner production concept, such as the Journal of Cleaner Production, which can be associated with a greener, safer and healthier production, rather than publishing in journals such as the Journal of Production Economics which are related to a traditional production concept. Finally, Figure 3 shows the number of selected articles per year. From Figure 3 it can be observed that this number has significantly increased in the last decade.






3. Preliminary Analysis of the Studies


Different approaches have been proposed in the literature to analyse and synthesise the results obtained by SLRs [10,36]. In [36], different methods for the synthesis of qualitative research are compared in terms of issues of context and rigor. According to [36], the thematic synthesis is a well-suited synthesis method capable of keeping an explicit and transparent link between conclusions and the text of primary studies, preserving the most important principles of the systematic reviews. In this paper, a thematic synthesis is performed in order to identify, classify and analyse the most important subjects addressed by the 45 selected articles. Table 2 show the Systematic Literature Matrix (SLM) [10] where the selected articles are classified into different categories according to their main aim and focus. Firstly, the way in which the lean-green issue is addressed in each article is considered. In this sense, whether articles address lean-green manufacturing by performing a literature review, a conceptual analysis, a research application or a case/empirical study, is evaluated. As discussed in Section 1, since the lean-green manufacturing is a new manufacturing concept, there is still too much research to conduct in the field. In this line, the proposed classification allows evaluating which direction, theoretical, in terms of conceptual analyses; qualitative, in terms of literature reviews; or practical, in terms of research applications and case/empirical studies, needs to be further and deeper investigated. Secondly, the content of the articles is analysed in order to find out which of the main concerns of this paper they are focused on. In this way, it is intended to classify the articles according to their link with the research questions formulated in Section 2.2.1. In particular, the articles concerning the first research question regarding the actual possibilities of integrating lean and green practices into a combined approach are classified into the “lean vs. green analysis” and “lean-green synergies” categories. The articles concerning the second research question regarding the currently proposed strategies to implement the combined lean-green approach are classified into the “lean-green implementation” category. Finally, the articles concerning the third research question regarding the impact of implementing the combined lean-green approach in the sustainability performance are classified into the “impact on performance” and “sustainability” categories. The proposed categories are described as follows:




	
Conceptual Analysis: Articles in this category address the lean and green practices integration from a theoretical point of view. In general, these kinds of analyses are found in books.



	
Literature Review: Literature reviews focus on collecting and discussing the most recent and relevant contributions regarding integrating lean and green practices. They can address the integration issues either by performing a lean vs. green analysis, or by proposing strategies to implement it.



	
Research Application: This category includes articles where authors propose different models and practical approaches to actually implement the lean-green approach.



	
Case Study/Empirical Study: These types of studies are held within the companies’ manufacturing context. Some of them resort to surveys, while some others perform experimental tests.



	
Lean vs. Green Analysis: Articles classified in this category study the actual possibility of combining lean and green practices based on their main similarities and differences.



	
Lean and Green Synergy: These articles evaluate to what extent lean and green practices can generate actually be implemented together within a synergetic environment, in the sense that their strengths can be enhanced while their weaknesses can be disguised.



	
Lean-green Implementation: This category aims to gather the proposed approaches to practically implement the lean-green combination.



	
Impact on Performance: This category shows which are the main pursued objectives behind implementing the combined lean-green approach.



	
Sustainability: In this category, it is intended to include articles that evaluate the actual impacts of the combined approach to the sustainability performance and to what extent (and how) further improvements can be achieved when the combination approach is implemented.









4. SLR Findings and Discussion


The selected articles confirm that, in recent years, researchers have focused their efforts towards understanding the actual possibility of integrating lean and green practices in order to reach a higher level of sustainability. In fact, according to Figure 3 40 (88.8%) of the selected articles have been published after 2010. Nevertheless, it is important to highlight that, despite the great efforts found in the literature towards investigating the combined approach, only 45 articles have been found in the literature explicitly addressing this issue, demonstrating that too much research has still to be conducted in this direction [9,10,28].



Regarding the way in which researchers in the field have addressed the lean-green issue, the majority of the articles in the SLR, specifically 24 (53.3%) of them, study the integration of lean and green practices from a general and theoretical point of view. In particular, 14 (31.1%) of them are literature reviews and 10 (22.2%) perform conceptual analyses. On the other hand, 12 (26.6%) articles address the combination issue from a more practical point of view, proposing integration frameworks and approaches based on simulations and (when available) benchmark data, whereas 19 (42.2%) conduct empirical case studies. The lack of further practical analyses is probably due to the fact that, since the idea of implementing lean and green practices together is relatively new, there are not many companies that have already adopted such a combined approach, making researchers to resort to simulations, theoretical analyses and pilot experiments to test their research hypotheses and proposals.



Regarding the technical content of the selected articles, several researchers have focused their attention on studying lean and green practices concurrent and divergent points in order to provide a useful starting point for developing their combination strategy. In particular, 16 (35.5%) articles have been published with this purpose. These contributions are discussed in Section 4.1. In this same line, researchers have also focused their attention in analysing to what extent lean and green practices, with their similarities and differences, are compatible and can yield improved results when being combined. Contributions in this direction have been found in 15 (33.3%) articles and are discussed in Section 4.2. The conducted SLR includes 21 (46.6%) articles where different approaches have been proposed to implement the combination of lean and green practices. These contributions are discussed in Section 4.3. Finally, in Section 4.4 the contributions of the 30 (66.6%) articles that explicitly report results in terms of the companies’ sustainability performances are discussed.



4.1. Lean vs. Green Manufacturing: Similarities and Differences


Most of the articles studying the main similarities and differences between lean and green practices conclude that both practices are complementary and, to some extent, overlapping. In general, researchers agree that, although lean and green practices do differ in their main objectives, being the former mainly focused on adding value to customers while reducing the resource and time consumptions, and the latter focused on reducing the environmental footprint throughout the whole product life, their main similarity, which is waste reduction, appears to be obvious [10,59]. According to [29], both practices are aimed at minimising (ideally eliminating) waste, no matter what type of waste they are focused on. Researchers in [29] and [37] agree with the observations reported in [59] and [26]. Nevertheless, they further suggest that the different methods for reducing such wastes and, even more important, the different definitions of what wastes are, are indeed the main conflicting points between lean and green practices. In the same line, authors in [29] state that green practices go further than lean ones, being concerned not only in waste reduction but also in process efficiency and optimization of raw material consumption. Researchers in [29] also highlight that the main difference between lean and green practices is the waste definition, arguing that while lean practices are focused on workforce and space reduction as well as increasing flexibility and capacity utilisation, green practices are aimed at reducing, reusing, recycling, reworking, returning, and remanufacturing. On the other hand, in [59] it is argued that, although lean and green wastes definition can differ, lean non-value added activities can be considered as energy and natural resources wastage, associating the seven lean wastes with the wastes defined within the green manufacturing context.



Finally, according to the articles selected in the SLR conducted in this paper, most researchers in the field highlight waste reduction philosophy [57], resource productivity, organisational change, and source reduction [29], among the main similarities between both practices; whereas identify their main focus [63], the waste definition [63], the type of customer, the manufacturing strategies, some adopted methods, techniques, tools and practices [29], and the EOL strategies [37], as their main differences. These similarities and differences are further summarised in Table 3.




4.2. Can lean and Green Practices be Integrated into a Single Combined Approach?


The conflicting opinions discussed in Section 4.1, show that the discussion about which are the common and conflicting points between lean and green practices is still open. Consequently, so it is the discussion regarding whether they are actually compatible and suitable to work together. In addition, not only too little empirical evidence of successful cases adopting lean-green approaches can be found in the literature [10], but also the results that can currently be found are conflicting [59]. On one hand, there are researchers that argue that lean and green practices can work together since they can be concurrent generating a synergy regarding waste reduction, energy, material and time consumption, supply chain management and product life cycle optimisation [9,10,11,28,29,47,56]. On the other hand, there are the ones that state that lean and green practices are not always compatible, existing some areas where combining them can be particularly hard [29,41,78]. For example, the inventory level is one of the most critical aspects when combining lean and green approaches. In this case, while lean practices focus on producing, transporting and packing small lot sizes to fulfil customers’ requirements, the high replenishment frequency can imply higher emissions and more packaging wastes, contradicting green principles.



In general, researchers who are reluctant to combine both approaches are concerned about whether lean practices, which are focused on waste reduction from the customers’ added value perspective, optimising cost, quality and lead times, will still be profitable after incorporating green practices focused on environmental objectives which are not always in line with lean objectives. In this line, authors in [63] suggest that the main strategic challenge consists in deciding how to implement green practices in combination with lean ones, without diminishing the potential profitability achieved by the latter, while being able to keep the balance between economic, environmental and social performances. Moreover, in [79] it is stated that, within a combined framework, lean practices will not always be able to limit the negative impact on operational aspects that green practices could have, being also true the other way around. Finally, in [9], authors also state that lean-green approaches will have to face the same challenges that lean and green practices have to face when implemented individually. For instance, in [26], it is highlighted that, as it is usually the case of green practices, in order to implement the lean-green approach, practitioners should have to resort to customised approaches; whereas in [64], it is stated that one of the main barriers for the implementation of the lean-green approach is the fact that a huge investment in equipment is required.



On the other hand, there are many researchers that agree that, although lean and green manufacturing approaches are not completely compatible and do differ in their main focus, to be aware of their similarities and differences and, even more important, to be capable of handling them, can indeed give practitioners the opportunity to improve both methods so that they can efficiently match. In this line, researchers who favour the integration have further studied lean and green compatibility (beyond their similarities and differences), evaluating to what extent lean and green practices can be synergetic, in such a way that they can obtain better performance when being implemented together than when summing their individual performances. According to [56], the synergetic hypothesis is suitable since there exists a similar structure for the implementation of successful lean and green practices. In the SLR conducted in this paper, 14 (31.1%) articles address the lean-green compatibility issue from the synergetic point of view. In [69], empirical results evaluating the lean and green synergetic effects within the supply chain are reported based on survey data collected by the Global Manufacturing Research Group (https://gmrg.org/) in European countries. In [68], the analysis of three pollution-prevention projects implemented by two large multinational companies have been conducted. According to [68], lean and green practices can generate sequential or reciprocal interactions, supporting each other, working in a complementary and synergetic environment. In [47], semi-structured interviews with interdisciplinary teams responsible of integrating lean and green practices in two manufacturing companies in the UK, are conducted. Experimental results in [47] show that the synergetic effect generated by lean and green practices lead to several benefits, such as fostering innovations and reducing the production costs of eco-friendly products. In addition, authors in [47] highlight that, in order to achieve the synergetic effects, it is usually required to customise the companies’ operational profile as well as to ensure collaboration with suppliers. In [58], authors state that companies looking for being lean will have more success if they also seek green objectives. In the same line, several researchers in the field who have largely discussed about “how green can be lean”, such as the ones in [11] and [41], have concluded that, since lean practices are not aimed at green objectives, they cannot replace green practices towards achieving green results, but they can provide a continuous improvement, flexible and employees’ engagement culture creating a suitable and highly favouring environment for the implementation of green initiatives. Authors in [76], agree with these observations, stating that the lean culture can be a catalyst for green practices, facilitating the adoption of environmental practices. Moreover, a particular example of such catalytic effect can be found in [37], where it has been proved that the impact of lean practices on operational supply chain performance can be improved by preventing pollution and recycling.




4.3. Lean-Green Approach: State-of-the-Art Implementations


Although the synergetic effects of implementing lean and green practices in an integrated environment have been demonstrated by several researchers in the field [10,11,26,53,56,70], there is still a lack of suitable integration and combination strategies proposed in the literature as well as a lack of evidence of successful practical cases reported in the literature [10,28,47]. In particular, according to authors in [28], the research gap is still deeper when trying to evaluate the combined approach performance in terms of sustainability improvements due to the lack of sustainability metrics. In addition, most of the current proposed approaches in the literature are customised since lean-green approaches should fulfil different particular needs of the companies, related with local culture, policies and regulations.



In general, researchers agree that different combination schemes, such as, sequential and parallel, can be adopted to integrate lean and green practices [28]. In this line, there are the ones that propose to combine them into a new, single and stand-alone lean-green approach [47], while there are others that, based on the fact that lean practices are not only well-documented but also widely (and successfully) adopted all over the world, as well as that the lean culture do favour the implementation of green initiatives, propose to use an already stablished lean environment as a catalyst to the adoption and further incorporation of green practices [43,44,53]. Within the first group, waste management methods, like Waste Reducing Techniques (WRT), are the most used strategies to perform the combination [37,38,41,60]. In [53], a combined approach based on the Theory of Inventive Problems-Solving tools, is presented. Researchers in [38] assume that green and lean practices have mutually exclusive design requirements and propose to combine them into the same system based on a waste contradiction matrix. In [38], a waste minimisation framework based on an advanced 3R (Reduction-Reuse-Recovery) method, is proposed. In addition, although there is a strong tendency of using waste management methods, some other approaches have been proposed to address the combination from the first group’s perspective. In [60], the multiple attribute utility theory method is used for assessing a lean-green supply chain. In [50], a Green Lean Total Quality (GLTQ) Information Management System (IMS), which is an IMS within the context of an Environmental Management System (EMS), integrated to Total Quality Management (TQM) and lean principles, is proposed. In this way, authors in [71] intend to achieve total communication efficiency based on a green-lean TQM system, demonstrating that the proposed approach allows generating more revenues and also providing Research and Development facilities. In [71], a combined lean-green approach based on the integration of management systems, such as ISO 9001 and 14001, is proposed. In [47], an Analytical Hierarchical Process (AHP) is used to integrate Total Preventive Maintenance (TPM) and ISO 14001principles into a lean-green combined framework. In [72], a case study is conducted on different Alsatian industrial companies in order to develop a lean-green management framework based on lean indicators as well as green performance and intentions indicators.



Within the second group, several researchers have proposed to incorporate green practices to manufacturing processes that have already adopted a lean philosophy. In this line, one of the most frequently proposed approaches consists in taking advantage of the flexible nature of lean practices by modifying and adapting them so that they can work in combination with green practices towards the same objectives. In particular, the most frequently reported adapted lean tools are Value Stream Mapping (VSM) [42,43,46] and Continuous Improvements (CI) principles [48]. In [69], the implementation of lean and green practices combined within a CI culture in a Small and Medium Enterprise (SME) foundry is studied. In [69], VSM is adapted to address environmental and production wastes. In [42], the VSM tool is proposed for determining waste, in terms of measuring the carbon dioxide emissions particularly across organisational boundaries within the context of a food industry. In [48], a green-lean business model based on five principles, viz., stable value stream, identification of environmental impacts, measurement and improvement of the environmental value streams, and CIs, is developed for a global engineering company. In [43], a novel lean-green metric integrating metrics derived from lean and green implementations, is proposed. In [45], a new lean-green combined approach based on a Carbon-Value Efficiency is proposed. Experimental results in [45] show that the proposed approach is not only capable of reducing the carbon footprint but also the production lead time.



Finally, it is important to mention that, although lean as well as green practices do include activities that can be implemented throughout different areas of the company, addressing different stages of the productive process, the articles included in the SLR show a strong tendency of implementing and evaluating the lean-green approach within the context of Supply Chain Management (SCM) [37,45]. In fact, although there are the ones that reports the combination of both practices to address other manufacturing issues, such as, metrics [46,48], quality [46], safety [50], lead time [28], customer service [50], cost [50], inventory [50] and transportation [58], there exists the need for more research regarding the different production stages [58]. In addition, in [26] and [42] it is stated that there is a lack in the literature regarding empirical evidence of practical implementation of the combined lean-green approach. Among the 21 (46.6%) articles found in the SLR proposing practical strategies for the lean-green approach implementation, 8 (17.7%) have reported results obtained within the real manufacturing scenario. In particular, results from different manufacturing contexts, such as construction projects [22], metal stamped parts production [42], Swedish industry [45], food industry [28], part production in the automotive sector [48], and Chinese Fashion AutoParts industry [52], and SME foundry [54], has been identified. In [69], authors go even further, presenting the results obtained by implementing the proposed lean-green approach in different companies, with different sizes and operating in a different business area, giving researchers in the field valuable benchmark data allowing them to expand their approaches to other companies and manufacturing sectors.



In order to summarise the findings discussed in this section, Figure 4 shows the most relevant contributions found in the SLR towards the integration of lean and green practices, in terms of the main proposed approaches, their objectives and their main impacts on the companies’ performance.




4.4. Lean-Green Approach and Its Link with Sustainability


As discussed in Section 1, unlike lean practices, that are mainly aimed at operational and financial aspects, and green practices, that are mainly aimed at environmental aspects, the lean-green approach has been born to address the three pillars of sustainability, viz., economic, environmental and social ones, simultaneously. In this sense, there is a tight relationship between the lean-green concept and sustainability, being sustainability one of the main objectives of the lean-green manufacturing approach. Then, it is not surprising that many of the articles selected for the SLR evaluate their performances in terms of sustainability improvements. In particular, 30 (66.6%) of them explicitly report results in terms of the companies’ sustainability performances. In general, the authors of these articles agree that, provided the synergetic effect is achieved, the lean-green approach can lead to improvements on economic, environmental and social performances simultaneously [14,43,45,69]. Moreover, in [66] it is stated that the integration of lean and green practices into a combined approach is the key aspect towards achieving a superior sustainability performance.



The SLR conducted in this paper shows that, in recent years, promising sustainability results have been reported in the literature when implementing the lean-green combined approach. Moreover, many of these results have been obtained within the context of real manufacturing scenarios, suggesting that several efforts have been done towards filling the research gap highlighted in [28] and [26] regarding the lack of empirical evidence of successful lean and green integration cases in the real manufacturing scenario. In particular, 19 (42.2%) articles evaluate the potential and actual sustainability performance improvements that the lean-green approach implementation can achieve within real manufacturing scenarios, such as the construction of a hospital [22], an European motorcycle component manufacturer [42], a Swedish industry [44], a food industry supply chain [28], an Indian automotive sector [48], a Chinese Fashion Auto Parts suppliers [52], foundry SMEs [67], and Alsatian industrial companies [45], among others.



Most of the articles in the SLR conduct a qualitative analysis of the achieved sustainable results. For instance, in [48] a literature review is conducted within the context of an Indian automotive SME industry, reporting improvements regarding productivity, by constantly enhancing the business efficiency and effectiveness, when combining lean and green practices. In [67], a literature review is conducted within the context of foundry SMEs, suggesting that lean and green management strategies should be implemented in a CI context in order to achieve sustainable continuous improvements. Nevertheless, in [59] it is stated that, to fully address sustainability aspects, it is crucial to develop standard and benchmark sustainability metrics. Although 30 articles in the SLR evaluate their performances in terms of sustainability, only 3 (6.6%) conduct a quantitative analysis by defining new metrics related to it [28,45,50]. In [46], a carbon-value efficiency metric is defined to measure the performance of a metal stamped parts production process, showing improvements in terms of the carbon-value efficiency, production lead time and carbon footprint. In [60], the multiple attribute utility theory method is proposed to measure the performance of supply chains in terms of managerial and environmental performances. In [50], a lean-green management framework is developed on the basis of lean and green indicators, allowing companies to benchmark their lean and green practices. Finally, in [46] it is further highlighted that, for the sake of succeeding in the implementation of lean-green approaches, companies not only need to have access to benchmark sustainability metrics, but they also to fully consider operational, cultural and business opportunities.



Finally, in order to give researchers and practitioners a useful starting point towards considering sustainability objectives by implementing lean-green manufacturing, Table 4 summarises the most recurrent and relevant success factors pointed out by the authors of the articles in the SLR that have already achieved promising sustainable results by implementing the lean-green combination.





5. Conclusions and Final Remarks


Along with the important contributions of lean and green practices towards sustainability, researchers have concluded that lean and green implementations as stand-alone systems are usually not enough to ensure the balance between the three pillars of sustainability, viz., economic, environmental and social ones, demanded by the current global market. In this line, they have suggested combining lean and green practices into a single manufacturing approach. Nevertheless, the lean-green manufacturing concept is still a new idea, lacking evidence of its practical implementation. In addition, due to the lack of widely used and standard sustainability metrics, the research gap becomes deeper when evaluating the combined approach performance in terms of sustainability improvements. In this paper, a SLR has been conducted in order to evaluate the actual possibility of implementing the lean-green combination. On one hand, the analysis of the concurrent and divergent points between both practices as well as the synergetic effects they can achieve when being implemented together have been analysed. On the other hand, the main implementation strategies in the state-of-the-art have been introduced, and the most concerning challenges reported in the literature regarding such implementation have also been discussed. Finally, the link of the combined lean-green approach with sustainability has been explored by analysing the different sustainability performance results reported in the literature, in terms of simultaneous improvements in economic, environmental and social performances.



According to the conducted SLR, the theoretical and practical evidence regarding whether lean and green practices are compatible and capable to work together is still not conclusive. On one hand, there are researchers that argue that there are several areas, such as the inventory level, where lean and green practices can pursue contradictory objectives making their combination particularly hard. In such a context, they are concerned with regarding whether lean practices can still be efficient after implementing green ones. On the other hand, different survey studies in the literature have shown that, since lean and green practices can be implemented using a similar structure, they can generate a synergetic environment, either working sequentially or in parallel, optimising waste, energy, material, time and supply chain management. In this line, some researchers emphasise the fact that the lean culture provides a continuous improvement, flexible and employees’ engagement context, which favours the implementation of green initiatives. These researchers suggest using an already stablished lean environment as a catalyst to the adoption and further incorporation of green practices. In particular, according to the conducted SLR, the most frequently adapted lean tools to incorporate green practices are VSM and CI. Some successful evidence of this combination strategy has been found in the conducted SLR, especially within the supply chain area. Some other researchers suggest combining the lean and green practices into a single stand-alone approach resorting to waste management methods like WRTs, information management methods and quality management methods, such as TQM and TPM. Finally, beyond the different technical issues encountered when implementing the lean-green approach, all the researchers in the field agree that one of the main barriers to adopt lean-green manufacturing is the fact that a huge investment in equipment is required. In addition, they recognize that, in order to achieve successful results, it is usually required to customise the companies’ operational profile and ensure collaboration with suppliers.



Regarding the capability of lean-green manufacturing of improving the companies’ sustainability performance, the conducted SLR show promising results achieved by qualitative studies carried out within the contexts of different manufacturing environments, such as construction, food and automotive industries. In particular, many of these studies are surveys, being a lack of quantitative studies in the literature. In fact, only 3 articles analyse sustainability results quantitatively. In this line, researchers agree that, in order to fully address sustainability aspects, it urges to further develop well-defined, robust and standard sustainability metrics. In this same line, there is a lack of benchmark data and results, making it even more difficult to test the proposed approaches and compare their performance with the ones available in the state-of-the-art.



Finally, based on the conducted SLR, several success factors to improve sustainable results based on the lean-green approach implementation have been identified. These success factors provide useful theoretical and practical considerations as well as different implementation tools that can be used by researchers and practitioners as a starting point towards the adoption of lean-green practices. In this sense, it is the authors’ intention that the discussion presented in this paper can encourage researchers and practitioners to adopt the lean-green approach for improving sustainability aspects of their business.
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Figure 1. The three pillars of sustainability performance defined in [1]. 
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Figure 2. Proportion of journal, conference and book articles in the SLR. 
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Figure 3. Number of articles per year. 
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Figure 4. Summary of the proposed lean-green approaches in the SLR: Main concerns, proposed approaches, and their performance impact. 
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Table 1. Systematic Literature Review (SLR) description.
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	SLR Phase
	Description





	Research Question Formulation
	The main research questions intended to be answered are defined.



	Location and Selection of Studies
	• Definition and selection of the used Electronic Databases (EDs).

• Definition of search time period.

• Definition and choice of the used inclusion/exclusion criterion.

• Definition of the used search strings.



	Synthesis of the Studies
	Thematic analysis of the selected articles.



	Analysis of the Studies
	The selected articles are analysed towards finding research gaps and identifying significant patterns.



	Report of the results
	The results are presented.
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Table 2. SLM for the 45 selected articles.
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Table 3. Lean vs. Green manufacturing.
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	Manufacturing Philosophy
	Lean
	Green





	Main focus
	Increase value to customers while reducing the resource and time consumptions via waste elimination [45].
	Reduce environmental footprint and minimise health risks throughout the entire product life cycle [37].



	Basic principles
	Lean principles [73]:

• Long-term thinking

• Elimination of wastes

• People commitment

• Continuous improvements
	Green principles are mainly focused on [74]:

• Pollution prevention

• Reduction of toxic substances

• DfE



	Waste
	Lean 7 wastes [29]:

• Transport

• Inventory

• Motion

• Waiting

• Over-processing

• Over-production

• Defects
	Green wastes [74]:

• Solid wastes

• Hazardous wastes

• Air emissions

• Wastewater discharges



	Methods/tools
	Well-defined, documented and widely used standard methods and tools [38].
	Although different tools, such as, LCA, DfE and EOL strategies are widely used, green practices are usually based on customised approaches [38].



	Product design
	Design is focused in increasing the quality and performance, while reducing costs [75].
	Design, including tools such as DfE, focuses on decrease scrap in many areas of the product life cycle by planning waste reduction from the first stages of the production [57].



	Inventory
	Replenishment frequencies are increased [57].
	High replenishment frequencies imply higher emissions, so replenishment frequencies need to be reduced [76].



	Pollution
	CO2 emission is not reduced [76].
	Reduces any pollution that happens during the production process [77].



	Supply chain
	Close cooperation with suppliers [77].
	Suppliers’ involvement is crucial since environmental footprint should be minimised throughout the entire product life cycle including its EOL.



	Product EoL
	No concern for product use impact or EOL recovery [37].
	Includes EOL strategies into the product life cycle for which the company is responsible [37].



	Costumers
	Customers are focused on high quality and low priced services and products [37]
	Customers are focused on services and products that are produced in an eco-friendly way [37].
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Table 4. Main success factors towards achieving sustainability performance by implementing the lean-green approach.
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	Success Factor
	Source





	The lean-green approach implementation should be gradual, allowing companies to set priorities, and identify key goals.
	[64]



	Operational roles and responsibilities need to be broadened to include sustainability issues.
	[22]



	Sustainability metrics should be developed.
	[28]



	There is a need for openness of employees, stakeholders, customers, leaders and suppliers towards innovation.
	[28]



	Effective information management is crucial towards reaching sustainability improvements.
	[71]



	Management commitment is crucial for achieving sustainability standards.
	[71]



	A lean working environment, consisting in trained, engaged and committed employees, as well as continuous improvements culture, favours the implementation of green initiatives in combination with lean practices towards sustainability.
	[37]



	Customer focus and integration is crucial to achieve sustainable results.
	[71]



	A key aspect towards implementing innovative lean-green approaches is to ensure system and process change management.
	[37]



	Effective planning is needed towards combining lean and green practices in a synergetic way.
	[64]



	Team and end-to-end supply chain integration is crucial to achieve sustainable results.
	[64,50]



	It is usually needed to customise the lean-green approach in order to fulfil the particular needs of the companies.
	[48]



	The adoption of a continuous improvement culture is crucial towards implementing a lean-green approach and obtaining sustainable results.
	[45]



	Benchmarking of suppliers against each other can help to implement lean-green strategies more efficiently.
	[69]



	Strong communication and coordination between different sectors are crucial for being able to implement the lean-green approach.
	[46]



	Evaluation and review of performance and progress towards targets can lead to improvements in the sustainable results.
	[71]



	Wide understanding, acceptance and adoption of lean and green concepts are needed towards being able to actually implement them together in a synergetic way.
	[45]



	Understanding of lean contributions towards implementation of green initiatives helps to take advantage of lean culture as a catalyst for green practices.
	[37,77]
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