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Abstract

:

In the operations management and sustainability literature, the integration of Lean and Green manufacturing is considered one of the great solutions to balancing operational gains and environmental sustainability. This literature focuses mainly on the integration between them. However, there are no studies investigating how this integration is related to the Operations Strategy content: competitive priorities and decision areas. Thus, this study aims to contribute to reducing this research gap by providing a more in-depth understanding of the relationships between Lean-Green practices from the point of view of the Operations Strategy. We identify synergies and potential trade-offs between competitive priorities and changes in decision areas when Lean-Green practices are implemented. We performed a systematic literature review to answer two questions: Does the implementation of Lean and Green practices affect operations’ competitive priorities, causing synergies or trade-offs? What decision area(s) are modified with the implementation of each practice? This systematic review analyzed 338 selected articles. Competitive priorities, decision areas, Lean practices, Green practices and Lean-Green practices were identified and discussed, highlighting trade-offs, synergies and changes in decision areas. The results suggest that Lean and Green are synergistic in most practices, but they must be managed according to the Operations Strategy, especially as their focuses are essentially different and trade-offs may occur.
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1. Introduction


Environmental problems, such as climate change, pollution, the reduction of natural resources and loss of biodiversity, tend to collapse the planet [1]. Facing this context, society, governments, investors, and companies themselves have increasingly demanded the elimination or reduction of the environmental impacts of products and production processes [2,3]. To meet these demands, companies seek to adopt programs and practices that reduce such impacts but, at the same time, provide for the achievement of their competitive production priorities [4,5]. An Operations Strategy (OS) aligned with market requirements is essential, as it can determine the company’s competitive advantage [6].



Lean and Green Manufacturing practices have been seen as a solution to improve and balance all the competitive priorities of OS; the relationship between these two strands has been explored by the Lean-Green (LG) integration literature. The study of Leong et al. [6] pointed out that the LG approach can obtain the maximum operational performance without compromising the environment. Recent research [7,8] presents cases from results in both operational gains and environmental aspects, such as lead time reduction, and water and wastes reduction. Complementary, Caldera et al. [9] consider that LG enable the transition to sustainable business. Many studies [10,11,12] demonstrate that Lean aims to reduce wastes in the value chain, which can contribute to reducing costs and defects and to the increasing of natural resources (e.g., water, energy and materials) efficiency. Lean and Green are complementary, and Lean enables the development of environmental management capability helping to “green” the organization [13,14,15]. However, Lean does not take into account environmental impacts directly. Thus, organizations need to implement Green tools into the Lean management to fill this gap [14]. To refer to Lean and Green integration, the term “Lean-Green” has been used [16,17,18,19] and will be adopted in this work.



Research about the Lean-Green has addressed three main topics. Some studies explore the relationship between Lean and Green; they present the synergies and differences among them. The authors argue that the approaches are very compatible but some trade-offs may appear and should be considered [13,20,21,22,23,24,25,26,27,28,29]. Another group of authors proposes tools and frameworks to integrate Lean and Green, describing requirements and steps to implement them, as well as barriers and enablers to doing so [2,14,18,22,30,31,32,33,34,35,36,37,38,39,40]. There is also a group focused on the implementation of LG. In general, these studies show improvements in cost reduction, quality and environmental performance; mainly through reduction in energy consumption and waste generation [7,10,41,42,43]. However, there are studies that show some negative results in the environment, such as the increase of emissions when Just-in-Time (JIT) is implemented [13,20,44,45,46,47,48,49,50].



Despite these efforts, an integrated and holistic understanding of how LG are linked with all OS content (namely, competitive priorities and decision areas) is still missing. Chatha and Butt [51] presented an extensive literature review about OS, providing a historical overview and the current status of this topic; but the results did not show any study that discussed LG and the entire OS content. There are only a few studies in the literature that somehow correlated OS with LG: Longoni and Cagliano [52] provided evidence about how the cross-functional executive involvement and worker involvement, in the formulation and implementation of the OS supporting the strategic alignment of Lean and sustainability; Suifan et al. [53] analyze the trade-offs between LG and through a multi-criteria decision-making shows that competitive priorities can differ in each approach; and, Queiroz et al. [26] present the competitive priorities and the Lean-Green practices adopted for automotive suppliers However, both studies still do not provide a wide understanding about the relationships between LG and OS.



In addition, it is important to mention there are some systematic reviews that focus on Lean-Green [4,36,54,55,56,57,58,59]. However, these studies do not consider the relationship of Lean-Green and Operations Strategy content (competitive priorities and decision areas) to understand the trade-offs, synergies and changes in the decision areas. Considering the relevance of the operations function–for the organization’s competitiveness, the current stakeholders’ requirements, and the lack of studies on LG practices from the perspective of the consolidated background of OS–this study aims to provide a broad perspective on the possible impacts of adopting LG practices on the content of OS, highlighting the occurrence of synergies and tradeoffs between competitive priorities and the changes promoted in decision areas. Thus, this work seeks to take a step towards systematizing contributions from studies that have addressed issues related to constructs in the field of OS—competitive priorities and decision areas—when LG practices are implemented, and to update and expand this part of part of a doctoral thesis developed in 2021 by Queiroz et al. [60]. With this objective, a Systematic Literature Review (SLR) and a content analysis of 338 articles were carried out from 1996 to the present moment. The results can contribute to a better understanding of the trade-offs and implementation practices aligned with corporate sustainability objectives, allowing the development of well-positioned production systems that can meet new market demands and be consistent with the global strategy of the company.



This paper is organized as follows. We present a brief theoretical background about OS and LG in Section 2. Next, Section 3 explains the research design, the process of data collection and the method used to select studies and perform content analysis. Subsequently, Section 4 discusses our findings, which include descriptive evidence regarding the sample of articles and the results from the content analysis to answer the research questions. Lastly, Section 5 highlights the main implications, and proposes some avenues for future research.




2. Theoretical Background


Operation Strategy is the set of decisions that seeks to balance production resources with market needs to contribute to the overall strategy of organizations [61]. Skinner [62] published the first study discussing OS; it was emphasized that the production function should be considered strategic and as a source of competitive advantage. The implementation of an adequate OS, including the development of production function capabilities, plays a crucial role for companies in the business environment, and must be in line with the way the company seeks to create competitive advantages [63].



The success of an OS is related to the definition of its content, which is composed of competitive priorities (CP) and actions to be implemented in decision areas (DA) [64]. CP are related to the performance objectives that the production function adopts to align itself to the company’s competitive strategy [62], which are: cost, quality, delivery, flexibility and service [62,65]. Moreover, as indicated by Longoni and Cagliano [5], “environment” can be considered another competitive priority of the operations. These priorities are achieved through a pattern of decisions and actions implemented in the set of DA of the company, such as facilities, capacity, technology, supply chain, human resources, quality, production planning and control, product development, performance measurement systems and organization [62,66].



The content of OS can be seen through the lens of the “strategic choices” paradigm (one of the three proposed by [64,67] in which strategic decisions in the processes and infrastructures of organizations guide the implementation of practices (or actions) and changes in decision areas aimed at improving the performance of operations and gaining competitive advantages. This is the perspective chosen in this work to examine the impacts promoted by the adoption of LG practices in decision areas and competitive production priorities.



Lean Manufacturing (LM) is considered one of the most used approaches to improve operations performance and increase competitiveness [68]. LM is a set of principles and practices that aims to eliminate all kinds of waste in an organization [69]. It is an approach that goes beyond a production management strategy, and it can be considered a management philosophy [70] and an integrated socio-technical system [71]. The main LM practices are 5s, Kaizen, Value Stream Map (VSM), Just in Time (JIT), SMED, Total Productive Maintenance (TPM), Kanban, Standardized Work, Visual Management and 5 Why’s (root cause analysis) [72].



Regarding the concept of Green Manufacturing (GM) or Sustainable Manufacturing (SM), it emerged in the 1990s as a philosophy and operational approach to reduce the negative environmental impacts of products [4]. It concerns the search to reduce pollution, energy consumption and the generation of toxic substances through the development of new processes in the manufacturing phase [73,74,75]. According to research [75,76], GM, or SM, encompasses different tools to reduce the environmental impacts generated by production processes, such as: Cleaner Production, (Life Cycle Assessment (LCA), Environmental Management System (EMS), Circular Economy (CE), Eco-design/Design for Environment, Green/Sustainable Supply Chain, and 3R (Recycling, Remanufacturing and Reuse) [75].



LG integration has been considered the approach that supports achieving the sustainability performance (economic, environmental and social dimensions) of a production system [77]. There are many proposals in the literature, like frameworks for LG integration, cases that show positive and negative environmental results from Lean implementation, and some integrated tools such as Environmental Value Stream Mapping—E-VSM [78], 7s—that is, 5s plus S (safety) and S (sustainability) [79], and Green Lean Six Sigma [33]. Figure 1 presents the constructs that will be discussed in this SLR.



A SLR was carried out to identify contributions in the literature that highlighted the impacts of the implementation of LG practices on operations’ competitive priorities and on decision areas.




3. Research Design


This SLR followed the three macro stages proposed by Denyer and Tranfield [80], as well as the Prisma Statement Flow Diagram proposed by Moher et al. [81]. The SLR process is detailed in Figure 2, which illustrates the summary of the SLR protocol to ensure the transparency and reliability of the process. Initially, the SLR protocol was elaborated and validated jointly by all authors. Throughout the SLR development, meetings between the authors were held to evaluate the results and resolve any disagreement.



3.1. Research Question Formulation


We established the SLR research question needed to achieve the aim of the project, which was to understand how Lean-Green are related to the OS content. Considering this, the research questions addressed in this review are:




	
RQ1. Does the implementation of Lean and Green practices affect operations’ competitive priorities, causing synergies or trade-offs?



	
RQ2. What decision area(s) are modified with the implementation of each practice?









3.2. Search Strategy


Studies were searched in three databases chosen according to their scientific scope to provide better results. The Scopus from Elsevier and The Web of Science from Thomson Reuters Institute of Scientific Information were chosen as they are regularly updated and have a wide breadth of coverage in most scientific subjects [82]. Seeking to improve the scope of searches, we also included the EBSCO because it is an extensive database in management.



After a preliminary review of the literature in OS [5,51,52,62,83], LM [3,72] and GM [73,74,84], the strings were developed to conduct the search in the databases. We covered several keywords related to the constructs from the RQs: OS, CP, DA, LM and GM. The search method consisted of the use of strings, defined in such a way as to return results that simultaneously contained at least one keyword referring to each construct. In the search string we considered all the synonyms of the constructs, and we detailed all the CPs and the DAs. A more detailed string was chosen for a wider range of articles since there are articles that focus only on one CP or one DA. Furthermore, we did not limit the field “year” to obtain the largest number of articles on the theme. The search in the databases was first carried out in January 2019 and then updated in November 2020 and again in February 2023. In all databases, we did the search in title, abstract and keywords by focusing on journal articles (excluding books and conference papers). Figure 2 presents the strings used in the searches and the summary of the SLR protocol.




3.3. Selection and Evaluation of Relevant Studies


Studies were selected through three filters. The initial search resulted in 7237 studies; it is worth mentioning that 1788 duplicates were excluded. In sequence was applied to the first Filter with the reading of titles and, when necessary, the reading of abstracts. This filter was applied to 5449 papers with the support of StArt software version 3.0.3 BETA. The process was manual, and it took two months to be concluded. There were studies that were very simple to exclude because some titles were completely out of the domain area researched; and for titles that were related with RQs, it was necessary to read the abstract and analyse them. To select the articles for this review, we applied two sets of inclusion and exclusion criteria, presented in Figure 2. The first one was applied during the screening phase; it searched title, abstract and keywords, and included articles that presented at least one term of each construct, related with content of the OS, LM and GM. For example, a document that presented one CP, like “quality”, one Lean practice (LP), like “Kanban”, and one Green practice (GP), like “Life Cycle Analysis”, was selected for the next step. The articles that did not mention at least one decision area or competitive priority or any GP, were excluded.



Then, in Filter 2 (eligibility) we read the (each) paper’s introduction and conclusion, and included those that fulfilled the search inclusion criteria: full content access, written in English, published in scientific peer-reviewed journals and discuss at least one element of each construct. For example, the study of [85] cites “Lean” but does not discuss any practice, referring only to some aspect of OS and GM. We also found cases of using the term “sustainability” just to refer to the stability of the practices implemented, as the study of ref. [86]. Studies like these were also excluded following the exclusion criteria “Articles that use the term sustainability or similar terms only in the sense of durability/permanence”.



The third filter was then applied to the full paper using the same inclusion and exclusion criteria as Filter 2. In this filter, 142 papers were excluded. As a result, a total of 338 were selected for content analysis to answer the proposed RQs. The main reason for the excluded papers was because the papers mentioned the three constructs but did not answer the research questions. One example is the study of ref. [87] that only cites the LP “JIT” as an example of an initiative in operations. Therefore, considering this sample of 338 papers, the next topic will present how the analysis of this work was done.




3.4. Analysis and Synthesis of the Results


After Filter 3, an analysis of 338 papers was done in full, aimed at extracting specific information from studies related to the research topic. In this filter, the articles were analyzed in a descriptive manner, seeking to generate a classification of the articles by year, journal, country of empirical studies, research method, industrial sector, and main research focus. Moreover, a content analysis was made by following the recommendations of [88] seeking to answer the research questions (RQs). The QDA Miner Software (Version 5) was used as a tool to facilitate the analysis process (individual papers and cross-papers). According to ref. [89] et al., this software collaborates in the organization of ideas and comparison between the cited. The analysis steps are presented in Figure 3.



The data were coded following the basic requirements proposed by Krippendorff [88]. The codes are very important to help identify relationships and establish connections among the many studies that write about the same topics [72,90]. We used the concept-based coding, extracting data from the texts and others that emerged from the reading related with database coding, as suggested by Gibbs [90]. The codebook, attached in the supplementary material, was defined based on the constructs found in the literature of OS content (competitive priorities and decision areas), LM and GM. In this codebook we specified what the initial codes are from the literature and those from the final process.



The content analysis process started looking for the LP and GP, and the CP and DA in the studies. Later, the frequency analysis of the constructs was carried out seeking which LG practices and elements from OS are discussed in the LG literature. This whole process was supported and supervised by three senior researchers. Once the papers were codified, and the content of OS and the practices from LM and GM were identified, it was possible to find the relationship between them all. In the supplementary material are specified all the competitive priorities, decision areas, lean practices, green practices and lean-green practices found and studied where they were addressed. The next topic presents the analysis results (Step 5 of SLR) and discussion.





4. Results and Discussion


The results concerning LG from the perspective of OS are discussed in two parts. First, we describe the sample (Section 4.1), and then how Lean-Green is related to the OS content (Section 4.2).



4.1. Descriptive Analysis


It is observed that half of the studies were published in the last four years (Figure 4). The first two publications were Florida [12] and Ferrone [44], and the year with the largest number of publications was 2019. This growth may be attributed to two main reasons. First, the need to integrate sustainability issues in productive systems has awakened the interest of academia in studying practices that focus on that. Secondly, based on the initial proposals of LG integration, studies have focused on their validation and implementation.



In terms of the number of publications per journal, studies were found in 153 different journals, and the journals with more than 1% of publications presented in Figure 5 50.15% of the studies analyzed. The Journal of Cleaner Production is the outlet with the highest number of publications on this topic, with 61 publications, which corresponds to 18% of the total articles. The second journal is Sustainability with 5.93%. Figure 5 presents this ranking and the journals that have up to three articles.



Figure 6 presents the research methods used in the studies and some characteristics of the samples for the empirical papers. There is a rising trend to adopt empirical studies (79.88%) that applied mainly case studies (33.72% of the sample) and survey (26.03%).



Furthermore, Figure 7 presents the classification of the empirical studies regarding the industrial sector and the country, where the study was done and the size of the organizations. Regarding the industrial sector where empirical research was done, the three most frequent sectors were automotive, metal-mechanical, civil construction and electro-electronics, corresponding to 36.66% of the empirical studies.



As for the location, the majority (around 45%) of the research was done in India, Brazil, Malaysia, the United States and China. UNCTAD (United Nations Conference on Trade and Development) [91] developed the status classification. Only the US is classified as a developed economy, while the other ones are classified as developing economies. Therefore, these data can mean that countries that focus on developing their economies are seeking practices to improve competitiveness sustainably. Figure 8 presents a global map with the papers’ distributions, and Table 1 presents a distribution of the papers per country of empirical studies.



Regarding the size of the companies in the empirical studies, Figure 9 representd that only 100 studies identified it, with 12% studying large companies, 9.62% studying SMEs companies, and 4% the small companies; 7.4% were done with a mixed sample including small, medium and large, and another 2.2% represented medium companies.



Most studies aimed to present steps, frameworks and guidelines to integrate the two approaches. Another presented one or more specific hybrid tools that are integrated tools, like E-VSM, that take the VSM from Lean and the environmental aspects from Green. The other major focus of the LG literature is to try to discuss the main links between these approaches, the synergies and trade-offs between them, highlighting the negative and positive impacts that each one has on the other. However, there is no study that discusses LG from the OS perspective.




4.2. Discussion


First, it is relevant to present the CP and DA that are discussed in the LG literature. The priority “cost” was the most frequent in these studies, and it is related to one of the main goals of Lean Manufacturing, i.e., cost reduction [15,92]. Cost reduction used to be the motivation of companies that aim to become green: they seek to reduce the costs of materials and energy inputs as well as the costs of waste disposal [93].



Regarding the priority “environment”, most of the studies discuss the reduction of the negative environmental impacts from the production process that implements Lean. These studies consider this competitive priority as a new one aiming to reduce mainly energy consumption, emissions, water consumption, waste generation and toxic substances. Also, some researchers call the negative environmental impacts in Lean operations “Green waste” or “Environmental waste” [10,11,76,94].



Next, “quality” and “delivery” are both focuses of Lean implementation [46,53]. Quality is discussed, as in [12,95], as a reduction or elimination of defects which can decrease the consumption of raw materials and the costs of production. The priority delivery is addressed when the studies discuss order lead-time, which is one of the metrics considered in Lean implementations. According to Dües et al. [96], customer satisfaction is driven by the reduction of lead time and, as indicated by [30], one of the results from Lean is to allow faster deliveries.



The other priorities found in the studies, but less frequently in Lean systems, were social, service and flexibility. The priority social is related to improving workers’ health, safety and morale, improving the local supply, and reducing corruption risk [33]. Service is mentioned as the improvements in customer satisfaction through Lean and Green implementation [96]. Regarding flexibility, the capacity to increase the mix of products that can be targeted by LP is mentioned [31,97].



In addition to the CP, we observed the DA of OS cited in these studies. It is possible to note that Performance Measurement System is the most frequent decision area in these studies. This can be explained because the inclusion of an environmental performance indicator is one of the highest requirements to consolidate GP in industrial operations [18,37,76], and the performance measurement systems in LM are an important aspect [98]. Aligned with this, as highlighted by Leong et al. [6], it is necessary to use support technologies that allow the operational data to be registered for an effective improvement process.



Regarding Supply Chain, the literature discusses mainly supplier relationship (collaboration, selection, purchasing) and logistics [99]; trade-offs or synergies from the JIT deliveries and the integration of the supply chain to implement an LCA; or it analyzes environmental impact from the Life Cycle perspective. Human Resources is another much-discussed decision area, which includes essential changes and the importance of employee involvement in training to implement and to sustain both Lean and Green [30,47,98].



Quality Management is a decision area that is also studied. It includes the implementation of quality programs, like six sigma or Total Quality Control or ISO standard [100]. Technology is normally related to the improvement of equipment to reduce resources consumption, which includes information systems and Industry 4.0 initiatives [6,47]. Product development, on the other hand, addresses improving the design of the product, aiming to improve environmental performance since the beginning of the project [56,96]. Organization area is related to issues of the leadership structure required for Lean and Green integration to attain success in the implementation of the practices [30,33]. Production, Planning and Control discussions include the impacts of a schedule to achieve environmental optimization. Facilities are mentioned to address layout change or facilities projects, like the positive environmental impacts of i cellular manufacturing implementation because of less motion and transportation [101]. Finally, capacity, the least addressed decision area, was discussed regarding the size of batch and capacity planning [9].



Regarding how LG affects the operations’ competitive priorities, causing trade-offs synergies and decision area(s) modified with the implementation of LG, we found the relationships between LG and OS are studied in three different ways by the studied authors. The first group focuses on discussing the positive and negative environmental effects of LP on GM; thus Lean and Green are analyzed separately. The other one discusses the GP adopted as a complement to Lean practices by Lean-oriented companies to address the negative environmental impacts of their operations. In this group, Lean and Green are analyzed separately. Finally, in contrast to the previous groups, the third one discusses the effects of Lean and Green together through the analysis of the so-called hybrid practices, or Lean-Green practices, on some Operations Strategy aspect.



4.2.1. Lean Practices


It was possible to find a wide range of cited Lean practices, covering 26 different practices in total, as presented in Figure 10. They are used in these studies to show how they can help to achieve better environmental performance, such as by reducing energy consumption, the consumption of materials, wastes generation and emissions; and to show the benefits already known from Lean, such as the reduction of lead time and cost, as well as the improvement of quality and productivity. Moreover, there are some practices, like VSM and TQM, that are mentioned as a foundation for integrating Lean with Green and make a hybrid practice showing synergies between them. These practices are presented in Section 4.2.3. However, some studies mention that there are practices that can increase negative environmental impacts.



As regards the synergy with the priority “environment”, all the LPs are considered synergic because of their main focus on waste reduction. Several studies, e.g., [11,102], have demonstrated that Lean Practices can bring environmental benefits and that this can be attributed to the more efficient use of resources (e.g., water and other inputs). Similarly [10,12,41,42,96,103,104,105,106] argue that LP implementation can offer significant advantages and synergies with the green performance of companies, which are mainly related to the reduction in consumption of materials, energy and water.



However, some studies show that LP can present certain trade-offs with the priority “environment” [15,52,73,76]. One of the most frequent trade-offs cited refers to delivery and environment. LP may negatively impact the environment, since the JIT (JIT) delivery process results in more deliveries, and then more emissions from the vehicles [5,15,17,47].



Another trade-off identified is related to environment and quality. Pil and Rothenberg [107] exemplify that sometimes more resources consumption is necessary to maintain a good quality of product. They show that in the paint process, a large amount of water is necessary to have good quality. Therefore, quality-oriented practices such as TQM and Six Sigma can generate this trade-off, which means the reduction of resource consumption can be limited due to technical requirements of the process and the product.



Moreover, flexibility and environment can present trade-offs. Small batches allow more product variety, but they may increase the number of setups [96]. In this sense, to maintain the programming level in variety and volume of items produced, Heijunka is used. Consequently, more setups are necessary. Therefore, as pointed out by [96,103], more cleaning products are required and an increased disposal of unused process material. That way, as exposed by [108], the increase in the disposal of chemical products results in unrecyclable sewage and waste chemical reagents, eventually increasing the environmental burden. In the same way, the increase in consumption of these products can be caused by the practice 5s, which focuses on improving the cleaning and organization of the work environment and on the elimination of unnecessary items which can contribute to quality and cost [23,109,110].




4.2.2. Green Practices


Figure 11 presents six practices focusing on reducing the environmental impact in production process, product design and supply chain. They are presented as a complement to LP in companies, or they are part of a framework seeking to integrate Lean and GP. There are also some studies that highlight that it is essential to implement GP in Lean systems to resolve trade-offs with other competitive priorities. Also, there are cases that show their application is done separately from Lean, aiming only to reduce environmental impacts and comply with the legislation.



In terms of synergies between the competitive priorities from GP, it was possible to note that all of them contribute to and focus on the efficient use of resources; as a result, the priority cost can be improved. It is increasingly related to the cost reduction of material; water and energy consumption as well as waste disposal costs have dramatically increased over the past decade [93]. Furthermore, there are empirical studies that present the cost reduction through improvements in environmental aspects [33,34,111,112,113].



A study [114] argues that GP can reduce material and production costs, reduce transportation and logistics costs, increase product quality and reduce warehouse costs. Moreover, improving the environment can lead to cost reductions from any punitive or restrictive measures that may be introduced through legislation [46,113]. Mor et al. [48] points out that these practices are not only good for sustainability but also good for business value. Jabbour [23] concludes that the implementation of the EMS, the more frequent practice in the studies, can have positive impacts in various areas of organization performance.



Lastly, it is important to present the practice Material Flow Accounting (MFCA), a method to measure environmental performance by an accounting approach for estimating the output-input ratio and material flow using physical and monetary units [108]. Additionally, Dues et al. [96] argue that GP has a positive influence on LP.



Although several studies argue that there are cost savings with the implementation of GP, it is possible to have certain trade-offs. These conflicts happen when the green improvement means an increase in costs, or requires a huge investment. For example, when the results from an LCA, or an improvement from an EMS, identify that it is necessary to buy less harmful or more efficient equipment, the financial return on investment can be negative. Another example is related to the supply chain; when to reduce the CO2 emission, the load is consolidated, to seek to transport with the least number of deliveries possible, resulting in fewer emissions and fuel consumption. Thus, it can generate an increase in delivery lead time because some loads would have to wait to fill up the load.




4.2.3. Lean-Green Practices


This topic explains the LG Practices and it shows the links with OS in Figure 8. They are described in more detail because they represent a consolidation of LG integration. These practices take the LP as a foundation and include the environment as a target of the improvements. This integration is one of the main steps for a LG practice and it helps to solve the trade-offs. In Figure 12 we can represent the Lean-Green practices relations with trade-offs, synergies and changes in DA.



E-VSM (Environmental Value Stream Map)


E-VSM practice, also called Green Value Stream Map, Extended Value Stream Map or Sustainable Value Stream Map, was the most frequent LG practice in the studies analyzed. It aims to map the processes, present the main process indicators, and highlight the problems in the current state. This tool is based on Lean, specifically in VSM, and it was created to guide improvement processes and facilitate communication between those involved. The environmental aspects, such as energy, water and materials consumption and emissions, are included in E-VSM, which helps to collect and analyze these environmental data [76,78,115,116].



Regarding CP, this tool seeks to highlight performance indicators related to delivery, measuring lead-time of operations, quality, showing the rate of rework and defects in operations; and environmental performance indicators such as consumption of materials, energy, water, emissions, among others. Cost is widely cited, since the general objective of an E-VSM is to reduce all types of waste, including environmental waste, seeking cost reduction or, in some cases, to improve operational efficiency [25,37,116,117]. There is no trade-off observed with this practice; E-VSM has demonstrated a very synergic relationship by focusing on both Lean and Green.



In relation to the decision areas, this practice had a great impact on the decision area “performance measurement system”. It is fundamental to measure and map the environmental impacts of the processes. The proposal is that sustainability indicators–raw material consumption, water consumption, energy consumption, waste generation, gas emissions, worker safety, ergonomic aspects and noise levels–should be integrated in the traditional VSM, as exposed by Helleno et al. [118] based on the proposal of [56,117,119,120]. In summary, as the study [119] discusses, the E-VSM seeks to provide a wealth of information that can facilitate communication and management through Lean and Green indicators. The study [121] highlights that it is necessary to determine a sustainability indicator set for the E-VSM tool so it would support thee decision making process.



The Supply Chain is another area of decision which is related to the E-VSM practice [122] since it can be used to obtain a global view of the entire chain [56] (Caldera et al., 2017)–from the extraction of the raw material to the final disposal–helping in the measurement, monitoring and visualization of possible improvements throughout the value chain. A point highlighted by [25] is the importance of integrating process information and understanding the client’s value, i.e., capturing stakeholders’ expectations following a life cycle perspective [3]. Therefore, when considering and integrating the entire value chain, it is essential to use an LCA that contemplates the product/service life cycle ‘from cradle to grave’, which is the concept that is included in the E-VSM to measure the environmental performance of the entire supply chain [123]. It is also important that circular economy strategies (recycling, remanufacturing, etc.) are considered a driver for the sustainable development. To adopt CE, it would be necessary to understand the productive process and to get information from it [1,124]. Thus, -E-VSM can support CE by drawing the process and presenting the data from it. The data collection and information sharing can be a great barrier to implement this strategy, but the literature has shown that I4.0 strategies can overcome this [125,126].




7s


This practice is an extension of the 5s tool that includes safety in some cases, is called 6s, and can be further expanded with one more s of sustainability. As far as priorities are concerned, this practice is used for cost reduction, quality and environmental improvement through waste reduction and environmental organization [79,110]. Despite the presence of synergies to improve the cost, quality and environment, 7s may create trade-offs when increasing the consumption of cleaning products. Regarding the decision areas, it is noted that Quality Management in the improvement programs and Human Resources in the training are changed with the inclusion of safety and environmental aspects.



In summary, the study presented by [79] shows that this program is the basis for improvement programs in the working environment. The study by [110] states that the objective of this practice is to improve quality, increase sales, reduce cost and provide a quality environment. Duarte and Cruz Machado [19] explain that this is a standardized work methodology used by organizations to collaborate to achieve Green objectives.




Root Cause Analysis for Environmental Problems


According to [109], the practice of root cause analysis can be extended to identify potential causes of environmental problems in processes, as already done for problems related to other competitive priorities.



Pinto and Mendes [127] point out that this practice should be structured to allow the visualization of environmental problems and should be structured in cycles and improvement programs, such as PDCA and Kaizen. Galeazzo et al [45] comment that by adopting this approach together with quality managers it was possible to understand and question environmental problems and thus identify possible solutions. In summary, these studies infer that just like recurrent problems of quality or process inefficiency to reduce cost, environmental problems should be solved using the same reasoning as the others, and they can be included as variables for the cause of the other problems. Thus, it was found that these practices can change the way to solve the problems in Quality Management and support the achievement of cost, quality and environment.




OEEE


OEE is an abbreviation for the term Overall Equipment Effectiveness, which means the overall efficiency of the equipment in dealing with an indicator that monitors the efficiency of the manufacturing process. The OEEE, according to Domingo and Aguado, 2015, means Overall Environmental Equipment Effectiveness, and it incorporates the concept of sustainability based on a calculation of the environmental impact in the life cycle. According to the authors, using this indicator can allow decision making by integrating sustainability and making a comparative analysis of environmental impact when analyzing improvements implemented in the processes of the organization. Thus, it was observed that OEEE has a relationship with the area of Performance Measurement System, and aims at efficiency improvements in which one monitors the performance in productivity and quality that imply cost reduction.



Further, this hybrid indicator is linked and can change the LP TPM and SMED. The first practice, TPM (Total Productive Maintenance), is a set of techniques to ensure the reliability and productivity of all machines in the production process [128]. The SMED (Single-Minute Exchange of Dies) or Quick Tool Change has as a principle to perform setup in less time, allowing the increased flexibility and/or availability of the machine in the production flow.




Lean and Green Supply Chain


This practice, presented in the study by Sant’Anna et al. [129]), was defined as the combination of the three approaches Lean, Green and Supply Chain, seeking cooperation for cost reduction, consumer focus, quality and environmental management through the ISO9000 and ISO14001 standards and risk management. In addition, the authors emphasize that the integration of the three approaches must be done to meet legal requirements, since Lean may not be sufficient to achieve them, and environmental management can collaborate in this direction. Thus, this practice seeks to include environmental performance in the decision area of supply chain and quality, as well as the objective of cost, quality and environmental performance [97]. This practice also involves supplier selection, procurement, third-party logistics and transportation, that aim to minimize the environmental impact of the product [17].



One practice that is widely used to improve the delivery and reduce cost in the supply chain is the JIT. As we cited before, this practice can present trade-offs between the competitive priorities “delivery” and “environment” because the studies show that to be better in delivery it is necessary to increase the consumption of fuels and then increase emissions for the environment [15,17,49,52]. Furthermore, it is important to highlight that LCA is a widely-used practice to measure environmental impacts in the supply chain. Thus, the decision area “Supply Chain” is modified by the practices Green Supply Chain, JIT and LCA, and has to start to consider the trade-offs between delivery and the environment in its decisions.




Kaizen with Green Goals


Lean uses kaizen for improvement processes. In this search, studies have been identified that deal with kaizen integrated with GP. They show that kaizen can be integrated into ISO14001 continuous improvement cycles, which can help involve employees and find innovative solutions to the problems identified [56,130].



Kaizen with Green goals can affect mainly, in a synergic way, cost, quality and environment, because it includes environmental objectives that can reduce energy and material consumption. Thus, environmental metrics, such as energy consumption (analyzing monthly energy bills), and water consumption within a period, are used to determine costs [76]. In summary, as US EPA [131] shows, Kaizen activities should be aimed at reducing environmental costs in addition to tracking them, and that the tools used in the improvement cycle are mainly traditional Lean tools. Thus, this practice implies changes in improvement programs (Quality Management) and training for human resources (Human Resources), and more involvement of employees and the inclusion of the environment as a priority in the implemented improvements, measured through environmental performance indicators.



The study about a Lean and Green model [76] highlights that Kaizen is a great way to promote green improvements in organizations. As a study of Oliveira et al. [132] shows, Kaizen is a practice characterized by the involvement of staff for a specific goal, and can be a good strategy to identify and improve environmental aspects.




Lean with Environmental Indicators


First, it is important to show the study by [16] that shows an adaptation in the BSC strategic planning tool which includes sustainability in financial, client, internal processes and learning and growth perspectives: SBSC—Sustainable Balanced Score Card. In summary, the BSC is about several interrelated indicators, and indicators from these perspectives. According to the authors, including all these aspects in strategic planning can enable better performance management of the organization by senior management, and can be a basic model to structure the integration of Lean and Green. The study of these authors highlights the inclusion of the social perspective, which is not the focus of this research, and the environmental perspective.



The authors stress the importance of performance measures and incentives for investments in information systems, coordination and autonomy for decision making. Thus, the use of this model for LG integration changes the system of performance measurement, information systems (technology) for measuring, recording and sharing information, and it seeks to monitor the results obtained in all competitive priorities and in the value chain from “Cradle to Grave”.



In addition, the most frequent indicators related to environmental priority are energy consumption (kw/h), water consumption (m3 consumed per period), kg of materials consumed, kg of waste, kg of CO2 emitted, among others. Several studies highlight the importance of including environmental performance indicators, since this is what will allow the integration with lean systems and the monitoring of environmental gains [17,33,37,76,118,133].



As we mentioned in the E-VSM topic, the I4.0 tools have supported the performance measurement. An example is the technology of wireless measurement systems used to capture data in industries, which collect accurate information such as energy consumption and costs, water consumption, gas emission, etc. [7,29]. From the analysis of how much is being consumed it is possible to obtain a more precise knowledge of the processes in relation to critical resources and thus make improvements attacking the root cause of the problem [7].




Lean 3R


Lean 3R is related to the remanufacturing, recycling and reuse of products and/or materials used in the processes [134]. It is defined as a product recovery process that uses energy and available resources, reduces the waste associated with the processes, and therefore can increase the overall efficiency of the process. The advantages associated with it can include the reduction of lean waste, such as overproduction, inventory, lead-time, unnecessary movement, waiting time and transportation [135]. Thus, there is a synergy between the environment and cost. To be able to apply lean remanufacturing, this must be considered from product and process Design [136]. The GP Design for Environment and the LCA are very useful for this practice [15]. Moreover, this is very much aligned with the strategies of the Circular Economy or Circular Manufacturing, which can help to reduce resources consumption and to extend lifecycles by remanufacture, recycle, resource efficiency, waste management, etc. [1].




Green Lean Six Sigma


This practice is a methodology that allows the search for environmental performance, applying robust tools for analysis and problem solving. Green Lean Six Sigma utilizes traditional aspects of Lean and Six Sigma while providing the tools needed to identify, implement and structure improvements that have a positive impact on the environment [115].



It is based on six pillars: leadership and people, Green and Lean six sigma tools, continuous improvement, strategic planning, interaction with stakeholders and results, and knowledge management; refs. [33,137] highlight that this proposal has a great impact on product development, contributing to cost reduction, process optimization, and enabling sustainability. Ruben et al. [84] demonstrate that the Lean Six Sigma basis allows the reduction of process variations and thus helps in the reduction of defects and waste generation during the production process. In addition, the study by Sreedharan V et al. [133] indicates that the use of these concepts contributes to the competitive priorities cost, quality and environment, through the reduction of environmental impacts and increases in the level of service provided. It is also noted that this practice mainly modifies the following decision areas: Quality Management and Human Resources.




Total Quality Environmental Management—TQEM


This practice is a sub-development of the practice Total Quality Management- TQM, which extends the principles of quality management to include manufacturing practices and processes that affect environmental quality [12,15,34,47,107]. TQM can help increase quality [35] and reduce production defects, which consequently reduce the consumption of raw materials and energy use [95,138]. However, trade-offs may arise when the production systems need more resources to improve the quality of the product [20,107].




Green MRP


The Green MRP tool is essentially a conventional Material Requirements Planning system that has been modified to include environmental considerations with the objective of minimizing the environmental impact of the generated waste, and seeking to increase the planning potential for the components and process waste, i.e., optimizing production planning in order to reduce possible problems related to the environment [139].



This practice is directly related to the decision area “Production Planning and Control”. The production schedule and delivery schedule can help environmental performance by minimizing net energy consumption and defining shorter delivery routes to reduce the emissions of CO2 [46]. Thus, this tool aims to balance better production planning with cost and environmental performance. Therefore, this tool directly influences the decision areas “Production Planning and Control”, “Capacity” and “Technology”.




Closing Remarks from Lean-Green Practices


The main aspects from the hybrid practices that integrate Lean and Green are that they focus on simultaneously considering the environmental performance and the other performance goals with the same degree of weighting in most cases, which helps to solve the trade-offs that can emerge in production systems. Because these tools make environmental indicators visible, and train employees in environmental priorities, they make the environment an important variable in the process of continuous improvement and decision making.



Another important aspect from hybrid tools and LG integration is that simultaneous implementation of LG methods multiply performance parameters, and this can result in significant cost reduction [111]. Furthermore, when Lean and Green are implemented together, they can create a more significant positive impact on organization than when implemented separately [96,140].



Finally, it is important to observe that the hybrid LG tools emerge from Lean. This feature can infer that Lean is used as a foundation for the management of production systems to implement the OS. Furthermore, GP works as a complement of Lean to help to support the OS that the environment is a competitive priority. Lean can also be insufficient to be fully Green.






4.3. Summary and Research Agenda


Most of the studies found are empirical and focus on understanding the relationship between Lean and Green and how they can be integrated. Their results suggest that Lean and Green objectives are different in essence, i.e., while LP aims to reduce cost and lead time (delivery) and to improve quality and flexibility, GP seeks to reduce waste related to environmental impacts [20,33,48,49,53,111,117]. Fahat et al. [141] cite that Lean waste is different from Green waste. Pinto and Mendes [127], in agreement with [73], point to the fact that Lean and Green objectives are different and generate different impacts on business performance. GP has the direct and clear objective of reducing the environmental impact of processes, while LP will directly impact on cost reduction, lead time and quality improvement; and the improvement of environmental aspects can be achieved indirectly.



From these results it is possible to understand that Lean and Green are synergic in most of their practices, but some trade-offs exist. In this sense, it is important to have the OS well defined to support the strategy and the targets of the organization. When the environment is a CP, Lean can be insufficient to solve the trade-offs; thus it becomes necessary include GP directly in the decision areas. Further, when LP and GP are implemented together, it becomes possible to leverage the performance of an organization more than when they are implemented separately.



Moreover, these results reveal to us that there are many trade-offs that have not yet been explored, as well as synergy relationships that are often limited to waste reduction and efficient use of resources. Furthermore, the strategic perspective of LG is still missing. Given these gaps, future research is suggested:




	
Verifying the existence of unidentified trade-offs between the Lean and Green, as well as understanding how, and how much, the competitive priorities are affected; and evaluating quantitatively the relationship between individual practices and the contribution for the competitive priorities.



	
Exploring in-depth the changes and the contribution from LG implementation in the decision areas; and exploring the particularities of each practice to be implemented.



	
Empirical studies examining how companies frame their competitive priorities and decision areas in different levels of Lean and Green implementation and in different industrial sectors. Further, the researchers in operations management may quantify the performance of the companies related with the operation strategy adopted.



	
Quantifying the synergy between the LG empirically, exploring different industrial sectors as well as different operations strategies.



	
Identifying and comparing the reasons for OS formulation and Lean-GP adoption, and discussing their strategic role.



	
Understanding how the Circular Economy strategies can be supported by Lean and Green Manufacturing practices.



	
In terms of research methods, based on theoretical propositions identified qualitatively by most of the researched literature, quantitative approaches can be developed, such as surveys and modeling, to confirm them.










5. Conclusions


The main intention of this work was to provide, from studies reported in the literature about LP and GP, an initial and holistic analysis of the adoption of such practices from the perspective of the OS, presenting synergies and trade-offs between competitive priorities; as well to discuss the main changes in decision areas from LG implementation.



The study of these links between the entire content of the OS in the LG literature is still recent and complex. The systematic review of the literature performed indicates that the analyzed articles do not cover the entire content of the OS and that the studies are still exploratory. As discussed, there is a tendency to favor a few practices, or a few competitive priorities; or only economic results and environmental impacts, namely in terms of cost reduction and energy consumption, waste generation and emissions resulting from the implementation of LG. Through this systematic literature review, it was possible to answer the proposed RQs based on a content analysis performed with 338 papers. The results of this article have the potential to help managers and policymakers gain a holistic understanding of how they can implement integrated practices and learn about existing practices to improve the environmental impact of lean systems.



This work has some limitations related to its search strategy, including the three selected databases and only journal publications in English. In addition, it focuses only on the immediate links between the content of OS and LG, excluding the enabling and hindering variables of practices and OS adoption.
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Figure 1. Relationships between the concepts, research method and results. Source: created by authors. 
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Figure 2. Summary of SLR Protocol. Source: created by authors. http://lapes.dc.ufscar.br/tools/start_tool (accessed on 21 November 2018). https://provalisresearch.com/products/qualitative-data-analysis-software/ (accessed on 10 July 2019). 
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Figure 3. SLR Analysis steps. 
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Figure 4. Historical evolution of articles analyzed. Source: created by the authors. 
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Figure 5. Number of articles published by journal. Source: created by the authors. 
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Figure 6. Research Method. 
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Figure 7. Industrial Sector of empirical studies. 
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Figure 8. Papers per country of empirical studies. 
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Figure 9. Size of the companies studied. 
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Figure 10. Lean Practices in Operations Strategy. Source: created by the authors. 
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Figure 11. Green Practices and Operations Strategy. Source: created by the authors. 
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Figure 12. Lean-Green Practices and Operations Strategy. Source: created by the authors. 
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Table 1. Distribution of the papers per country of empirical studies.
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	Country of Study
	Total of Studies
	Total of Studies (%)





	Not specified or theoretical study
	136
	40.24%



	India
	49
	14.50%



	Brazil
	19
	5.62%



	Malaysia
	19
	5.62%



	United States
	17
	5.03%



	China
	14
	4.14%



	Several countries
	9
	2.66%



	United Kingdom
	6
	1.78%



	Spain
	6
	1.78%



	Ghana
	6
	1.78%



	Portugal
	4
	1.18%



	Singapore
	4
	1.18%



	Jordan
	4
	1.18%



	Pakistan
	4
	1.18%



	Thailand
	4
	1.18%



	Italy
	4
	1.18%



	Sweden
	3
	0.89%



	Taiwan
	3
	0.89%



	Australia
	2
	0.59%



	Canada
	2
	0.59%



	Various
	2
	0.59%



	South Africa
	2
	0.59%



	Saudi Arabia
	2
	0.59%



	Turkey
	2
	0.59%



	North Africa
	1
	0.30%



	France
	1
	0.30%



	Estonia
	1
	0.30%



	Poland
	1
	0.30%



	Romania
	1
	0.30%



	Faroe Islands
	1
	0.30%



	Norway
	1
	0.30%



	Japan
	1
	0.30%



	Croatia
	1
	0.30%



	Wales
	1
	0.30%



	Sri Lanka
	1
	0.30%



	Indonesia
	1
	0.30%



	Mexico
	1
	0.30%



	Iran
	1
	0.30%



	Morocco
	1
	0.30%
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
£ — RO

s o8 e






media/file4.png
Phases Purpose Method Description Results
Review question ~ RQI1:Does the implementation of Lean and Green practices affect operations’ competitive
Formulation ~ priorities causing synergies or trade-offs?

(1)
Research question
formulation

RQ2: What decision area(s) are modified with the implementation of each practice?

(2)
Search of studies

Find, select and
evaluate ther elevant

Keywords definition

l

Search strings and
databases

v
Criteria for inclusion
and exclusion of

studies

S
Constructs: Operations strategy, Lean Manufacmring and Green Manuafacturing-

Web of Science, SCOPUS e EBSCO.

= String (SCOPUS):

TITLE-ABS-KEY ( "operation* strateg*” OR "manufactur* strateg*” OR “production* strateg*”
OR  “competitive priorit*™ OR “operation™ priorit*” OR "performance objective®” OR “cost”
OR “quality” OR “delivery” OR "speed” OR "velocity” OR "flexibility” OR "dependability”
OR “decision area™” OR “strateg® decision™” OR “infrastructural decision” OR “structural
decision” OR “facilit*” OR “localization” OR “location” OR “locality” OR “geography” OR
“layout” OR “plant design” OR "capacity” OR "size” OR "mix of product” OR "product
group” OR "variety of product” OR "product range” OR "technology” OR “equipment” OR
"machine” OR "system” OR "vertical integration” OR "supply chain” OR “value chain” OR

+

7237 studies find in
databases with the
search strings

Excluded Studies: 1788
Reason:studiesin
duplicated

- Lean- Green practices
- Sinergies and trade-
offs

studies. ”s:upply network” OR "supplier*” OR "make m-buy" OR "purchase strntegy" OR "workforce”
OR  “labor” OR “human resource” OR "wage” OR “reward system” OR “compensation 1
system” OR "skill*” OR "abilit*” OR “competence®” OR “quality management” OR
@ v “planning and control” OR “demand forecasting” OR “inventory” OR “organization*” OR Filter] - Titleam:l
o Search in databases “leadership” OR “gquidance” OR "management” OR “improvement practice®” OR “continuous abstract analysis
g ) improvement” OR  “performance indicators” OR  "performance measurement system” OR |
- “design of product” OR “product development” OR “innovation” ) AND TITLE-ABS-KEY ( Exclued Studies:5259
S "lean” OR “toyota production system” OR "[ust in time” ) AND TITLE-ABS-KEY ( "green” Reason: Studies did not
-:—j OR “cleaner” OR “pollution prevention” OR "Resource efficiency” OR “environment*” OR :‘:;";:ﬁ“d:t least one of the
,.E “responsible” OR "sustainab®” OR "social”) AND ABS ( "industr*” OR "manufactur*” ) Inclued Studies:661
5 l
i~ ce . . . ) . :
- ¥ Criteria for inclusion: Address areas of interest Operation Strategy, Lean Manufacturing
= and Green Manufacturing . Filter 2 — Introduction
;.3 Criteria for exclusion: articles that do not mention operation strategy or elements of their and conclusion analysis
'E content, lean or green in the abstract; articles that only cite areas of interest but do not
: answer at least one research question; articles that use the term sustainability or similar Inclued Studies:480
.f._. terms only in the sense of durability / permanence. Reason: Addresses areas of
U interest
3
&
Studies Classification *» StArt (1)
it L
3 .| Filter 3—- Full reading of
E ¥ i i the study
= Ancjnlyze and Data extraction and
= synthesize the results e L
= codification .
TgF found from the Inclued Studies:338
e o selected studies. Reason: Addresses areas
: - and answer at least one of
g QDAMiner qualitative-data-analysis-software/freeware) RQs
>
=
c
-
3
A
£ ¥ Data synthesis
= Report the state-of- di Ana_lysmfand [
o the-art about Lean iscussion of results '
E and Green in - Competitive
",,_,;’ Operations Strategy priorities and
e decision areas in LG
<9 )
[N literature
[~
0






media/file18.png
238

250

200

150

100

33

50





media/file21.jpg
Cost © 80 B ®© ®©® ® © ®

Quality ® © ® © ©
Delives © ]
Envi © 8 © ] © © 8 ©
Service ®
H z 8 £ 13

& LR A T £
Facilities v v
Technology v
Supply Chain 7 &
Quality Management 7 7 7
and Control v
e
‘measurament system 7 v
Organization v 72
Product Development v 7

© Sinergy
® Trade-off.
v

Change in DA





media/file3.jpg





media/file22.png
Cost © @O @O O O B® © B

Quality © © © © ©
Delivery © ©
Flexibility
Environment © ® © © © © 6 ©
Service ©
g = 5 5 % <
o = B S S Y
g S §2, 2 & §_ 2 %
o B Eed8 St - S = = &p 5
v 9 S g > Dy < = ~ O =~ = -
& s EE &8 E i 5T 0w E S
— £ % S8 8 & £E &
- 4 g g T 3 L
S < — o <
Facilities v v
Capacity
Technology v
Supply Chain v v
Human Resources
Quality Management v v v
Production Planning
and Control v
Performance
measurament system v v
Organization v v
Product Development v v

© Sinergy
® Trade-off
v

Change in DA





media/file19.jpg
00 o WSS
© 000  omm >
o 000 e S

©00000 unwmiwws >
90000 0TI >
900000 uodmey
900000 MWD

000000 muryumon

000000 M
ssned ooy
s>
990 O omyiomms
oo
000000 ‘g
o ooo il
mansids
000 o oxopi(
8 o moupuo
© 8 00 mousmoumo
00 o omewm
° o ®0 ul
soopreig
weay
2

Service
Faa

Capacity

Technology.

Supply Chain

Quatity Mansgement

Production Planning
and Cantrol

Performance.

messurament ystem

Organization

Product Development

Sinergy
Trade-off
Change in DA

©
®
v





media/file7.jpg
60

50

40

0t
e
1200
oz0e
610z
s10z
w0z
910z
stoe
1oz
€10z
woe
1oz
ot0z
600z
002
o0z
900z
o0z
00T
00z
1002
000z
s661
9661





media/file10.png
Journal of Cleaner Production I—— 61

Sustainability |G 20

Production Planning & Control N 15

International Journal of Lean Six Sigma NN 12
Journal of Manufacturing Technology Management I 12
Benchmarking: An International Journal I 10
Business Strategy and Environment Il 7
International Journal of Production Economics Il 7
International Journal of Sustainable Engineering [l 6
International Journal of Production Research Il 5
Int. Journal of Productivity and Performance Management [l 5
TOM Journal M 5

International Journal of Advanced Operations Management [l 4





media/file14.png
140

115

120

100

46

40

22

17 14

1111 111111111171

3333 2222221

7554444
EEERERE

20

0

Apmig reonaroal | /pagmads joN
SI0}03G 99M[} URLY IO
[eonuay)
RJILITAER)
aderanag
wnafond ]
are MUY
Ansnpuy eaeN
ATRTAOLID
Spood Iaumsuod SurAOW-jse
Ansnpuj poo] pue ‘omy ‘g9
amynumy pue g5
ummmumye ‘srawiod ‘sonauso))
ATEM00))
TeaM)00 ]
Surmydemuep Iqqny|
A[UXS] pue BuLIRY] “omy
aoedsoray pue oy
dmg pue rade
Sumury
Tendsoy
Sunpe
A31aug
[EOTURYDIA-[RIRJAl PUR "0y
(9) SOoMuI0nO9a-01109[q
onsIdo]
[eoTMadRULIRY ]
syredoyny
IQWATO]
SAI0}3S SI0}D3G M} URL]} SIOIA]
amxa
Ansnpur-o13y
armrum,
aedsoray
Ansnpur poo
SOMIOJ}O3[3-01}03[]
UOTIONIISUO)) [IAT)
[eOTURYDSIA-TRIDIA
aATjowoINy





media/file11.jpg
Case Study
Survey
Theoretical-conceptual
Systematic Literature Review
Multi-criteria decision making
Literature review

Modeling

Action-research

Modeling and Smulation
Specialists panel

Simulation

Experiment

‘Specialists and Modeling
Survey and specialits panel
Case Study and Modeling
Focal Group

e —————

—— 5
— 2
— 25
— 1

— 14
— 12

-
-7
-
m3
=3
N2
12
N2
1

0

Y

0

270 Empirical Studdies

68 Theoretical Studies

50

100

BE')





media/file6.png
SLR Phase 4

SLR Phase 5

\ 1

1.Codebook creation

e List of terms (coedes) to be labeled in the studies using the QDAminer
software.

2. Sutdy selected in Filter 3

e Fulfilled the inclusion criteria.

N
3. Registration of studie’s information

* Year, journal, country of empirical studies, research
method, industrial sector, and main research focus.

9
4. Paper Reading
* Reading of full paper.

5. Codification

® Label the sections according to the research constructs using the codes.

N
6. Descriptive analysis

¢ Understand the frequency of each code in the studies

N
7. Correlate the cosntructs

¢ Identify the constructs relations

8. Report

e Synthesize the results seeking to answer the research questions.






media/file15.jpg





nav.xhtml


  sustainability-15-05296


  
    		
      sustainability-15-05296
    


  




  





media/file16.png
49 papers
19 papers
17 papers
14 papers
6 papers
4 papers
3 papers
2 papers

[]
fa
g
=%}
g
e

Created





media/file2.png
SILR Decision Areas

aee e Facility
Competitive Priorities o d
Technology
= Trade-offs and Supply Chain
: rade-offs an P :
Quality Pl Lean-Green practices ) changes - O
Delivery 2
Service Quality Management
e Production Planning and Control
Flexibility
Environment Performance measurement system
Product development
Organization

Operations Strategy content





media/file20.png
ONO) )

®@ O00®

® 00600
0006000

Wd.L
e un{y
uequey]

uonezijrepuelg

®© 0 60 O O O udeur [ensiA

@000 0
@000 00
@000 00
@000 00
@00 ©
@000 00
® 000
@00 ©
@ 8 oo
@0 ©

®© 0 0O

Cost

Quality
Delivery
Flexibility
Environment
Service

poday ¢v
AqeM equID

LIuey UIrysoy

sIsATeuy
asne)) j00Y
[onuo)
$S3201] [edSTIe)S
judwaoxrdwg

snounuo))
werderq

3angedg
wyopI
MO[] snouguo))
D[OX ©YOJ

LI

sadIPeIJ
ued]

SSS
>
>
> >
>
>
S S S SS
>
>
>
>
¢
e =
B S g
w > S U X
2832
S 1i%]
S U = o» I

Quality Management

Production Planning

and Control

Performance

measurament system

Organization

Product Development

Sinergy
Trade-off
Change in DA

©
®
v





media/file23.jpg
Cos
Quality
Delivery
Flexibility
Environment
Service
s g
g8
3 g
=g
&
Facilties
Capacity
Technology
Supply Chain
Human Resources
Quality Management
Production Planning
and Control
Performance

measurament system
Organization

Product Development

0000006

EVSM

©8

75155

©
]
v

e o o
° ©
) 8
)
© © ©e8
© © ©
»;_55‘5
833690
22882
L
£ E 5§v’>
v
v
g g
v v
v
v Vv
v
v
v
v
Sinergy
Trade-off

Change in DA

Kaizen with

LSRN

LSEN

0000006

green

ee

©
©

®
080 oo

Sustainable BSC

LSRN

eoe

Green Lean Six

Total Quality
Environmental

<

e
800 o

Green MRP

©e

Lean 3R





media/file5.jpg
SLR Phase 4

SLR Phase 5

U

1.Codebook creation
«List of terms (coedes) o be labeled in the studies using the QDAminer

Software
~

2 Sutdy selected in Filter 3
<Fulfilled theinclusion criteria

3. Registration of studie’s information

*Year, journal, country of empirical studies, research
‘method, industrial sector, and main research focus.

4 Paper Reading
~Reading of full paper.

~

5. Codification
«Label the sections according (o the research constructs using the codes

~

6. Descriptive analysis
Understand the frequency of each code in the studies

~
7. Corrlate the cosntructs
«Identiy the constructs relations

~

5 Report
«Synthesize the results seeking to answer the research questions.






media/file24.png
® O ®
¢

® ©03
¢

®0 030
¢

©@0 3
® O ®
ONONONONONO)
¢ ¢

® § So
® O ® ®
ONONONONONO)
¢ ¢
® 5 ®
ONONONONONO)
£
VJW_.._IW_Jme
= ¥ 58 £ 9
2 5% 5% E
SoanE 8 &

;}E Uea]

RN U291D)

[EIUSWIUOIIAUY
AenQ 1ejo,
ew3ig
XIS UBI] U3

DSq d[qeurejsng

U313
UM U9ZIed|
urey)) Ajddng
U3315) pue ued|
JUSWIUOITAUY
[[eI2AQ
10J sisATeue
asned 00y

S9/S4

WSA-1

SadIORI]
ued]

>
>

>
S S S

)

&
s 23
£ 9 &
ST = "RT'S
« & 9
e~ O

>

Supply Chain

Human Resources

Quality Management

Production Planning

and Control

Performance

v

measurament system

Organization

Product Development

Sinergy
Trade-off
Change in DA

©
®
v





media/file1.jpg
SLR Decision Aveas.

o =
o ==
£ :
Qulty (o Lean-Green practices T
4 ‘Quality Management
= e
e
ool ‘Product development
=

‘Operations Strategy content





media/file12.png
Case Study

Survey
Theoretical-conceptual
Systematic Literature Review
Multi-criteria decision making
Literature review

Modeling

Action-research

Modeling and Smulation
Spedialists panel

Simulation

Experiment

Spedialists and Modeling
Survey and specialists panel
Case Study and Modeling
Focal Group

I 14

A 88

I 29
I 25
21
14
B 12
e 8
w4

B 6

w3

w3

B2

N2

B2

|

0 20 40

60

270 Empirical Studdies
68 Theoretical Studies

80

100

120





media/file9.jpg
Jomalof leper Prouction
Fr—"

Production g & Contcl

v Jourmlof Lo Sx Sgma

s of Masmfactin Techncogy Mansgement
Benchmurking: An trrationa ol

Businss Sy and Envisnt
T A —
v Joumal of Sl Engincring
Invenaona Jouenal o Producton Research

. ouenalof Pty and Peforance Mrugemert
TQM fouat

Ionmsiona ol of Advicd Operstices Msgement

o ———— .
—
—
—
—
—
-

-

-

-

-

-

-






media/file0.png





media/file8.png
53

60

-
LO

40

30

€c0¢
¢c0c¢
120¢
0¢0¢
610¢
810¢
L10¢
910¢
S$10¢
v10¢
€10¢
¢10¢
L10¢
010¢
600¢
800¢
£00¢
900¢
$00¢
700¢
€00¢
100¢
000¢
8661
9661





media/file17.jpg
250 238

200
150

100





