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Abstract

:

This article includes the proposal of a (re)layout project as a strategy to implement Cleaner Production (CP) practices, with a furniture manufacturing company in the Brazilian municipality of Palhoça (Santa Catarina, Brazil) as a case study. This work is characterized as applied research, using a multi-methodological approach, being subdivided into two different steps: literature review and case study. The (re)layout project led to an increase of the administrative area by 25.18%, having had a positive impact on the management areas, aiming towards the integration of Environmental Management, ecodesign, Production Planning and Control sectors. The project led to a decrease of the total stock area of raw materials/storage by 70.01 m2, representing a reduction of 25.59% when compared to the previous area. The project resulted in an increase of the plant production capacity, increasing the production area by 33.33%, thus optimizing areas and sectors, combining those which are inter-related. The byproducts also stood out in the layout mapping, with the areas allocated to byproducts being reduced by 51.69%. Therefore, the Sustainable Development Goals (SDG) were fulfilled. The removal of physical waste and production losses can be achieved from a (re)layout project integrated with CP by optimizing, areas, sectors, flows and processes.
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1. Introduction


Cleaner Production (CP) was defined in 1990 by the United Nations Environmental Program (UNEP) as an integrated environmental prevention strategy applied to production processes, products and services with the objective of continuously improving the efficiency of systems while also reducing the risks for human beings and the environment [1]. In the 1990s, UNEP and the United Nations Industrial Development Organization (UNIDO) started the industry support program, promoting the provision of CP services, and Resource Efficient and Cleaner Production (RECP) to support Small and Medium-sized Enterprises (SMEs) to preserve and minimize the use of natural resources, optimizing the economic performance of these resources and improving employability, safety and the well-being of workers and local communities [2].



CP analyzes a company’s production process from a technical, economic and environmental point of view, considering it as a macrosystem capable of converting inputs into products that do not harm nature. CP identifies opportunities for continuous improvement in environmental performance, avoiding higher costs and taking into account a systemic view that allows the interaction of all elements [3].



The CP approach promotes integration, besides being preventive and specific to the location being analyzed. It is also related to continuous enhancement processes, optimizing resources and operational, energy and material flows. In addition, it is linked to emission reductions, quality of health and safety in the work environment, to improvements in the quality of products and services, as well as to the optimization of Raw Materials (RM) and minimizing the use of resources. Besides, CP promotes reuse and recycling strategies, reducing waste and toxicity, encouraging the application of organizational measures for changing routines and implementing good environmental practices and reductions at the generating source [4,5,6,7].



Studies confirm the relationship between the maturity of project management and the successful implementation of CP, acknowledging that investment strategies on CP are directly related to improvements on organizational performance [6,7]. Moreover, studies also point out that investments on CP are linked to greater competitiveness to ensure economic and environmental gains for a more sustainable development, thus contributing towards UN’s Sustainable Development Goals (SDG). In this regard, such practices can promote health and wellbeing (SDG 3); innovation, sustainable and efficient industrial infrastructures in terms of the use of resources, technologies and cleaner processes (SDG 9); production and consumption standards that minimize negative impacts to the environment and to humans, thus preventing and reducing waste generation and promoting reuse and recycling of materials and products (SDG 12); as well as protection, recovery and sustainable use of ecosystems (SDG 15) [8,9,10].



The integration of CP practices in Environmental Management Systems (EMSs) can contribute to a continuous improvement of environmental performance of industrial facilities [11], since the reduction of production waste is connected to the technology employed in the process and the physical production space (layout) as well as to how operations are carried out. The layout represents the form of productive operations and determines the type of process. It consists in the location and physical arrangement of transformation resources (facilities, machines, equipment, materials, information and people), establishing production flows [12,13]. The “[…] facility layout is an arrangement of everything needed for the production of goods or delivery of services” [14] (p. 2079). In sum, a (re)layout project consists of the physical (re)positioning and (re)arrangement of these resources in companies, aiming at optimizing processes and for a continuous improvement of the existing space or the rearrangement to another location, and can be used as a strategy for implementing CP.



The optimized layout of industrial facilities can boost and promote performance improvements, leading to greater competitiveness [15] and influencing internal/external process workflows in the value chain [16]. The layout is one of the items assessed in CP implementation reports in the Brazilian National Center of Clean Technologies (CNTL, in Portuguese) that highlights the need of analyzing spaces, deployment plan, operating and equipment practices, use and movement of materials (flow) and internal organization in order to maximize production capacity and eliminate waste [17,18].



The construction and deployment project of furniture manufacturing companies without prior detailed studies on production systems, processes, the planning of facilities and the physical space necessary for the production may require further changes and the readaptation of the layout after production activities have started [19]. Most case studies aim at improving the performance of existing layouts—(re)layout projects—to increase productivity and competitiveness of companies, mainly small businesses which are subject to changes in their location, as they usually do not operate in their own facilities, operating in rented spaces. Therefore, these changes require (re)layout operations for the adaption and continuity of the production activity.



The incapacity of financial investments by SMEs prevents the application of correct environmental practices. However, the use of more efficient machines and equipment, besides investment on training and the implementation of CP practices, can lead to economic and environmental gains which can help to overcome technical and cultural barriers for the application of CP in small enterprises, thus reducing costs and environmental impacts [20]. Housekeeping techniques for maximizing production capacity, the arrangement of machines and equipment leading to lower flows, besides the change in the physical arrangement (layout) and in the operating conditions, can be integrated [21] for a continuous improvement and optimization of production resources.



The (re)layout project integrated to the CP, as a strategy for the implementation of the CP in SMEs, boosts changes in areas and sectors that promote the optimization of processes and the minimization of production losses. This study aims at corroborating with this hypothesis by analyzing a small furniture manufacturing company in the Brazilian municipality of Palhoça, in Southern Brazil.



The furniture industry is one of the greatest consumers and waste generators of forest-based natural resources, being part of the transformation industry and with a negative impact on the environment [22,23]. Therefore, research related to the polluting potential of the furniture sector and the minimization of the environmental impact of the sector are increasingly necessary.



The assessment carried out in furniture industries in Australia on wood waste and the respective discharge costs concluded that, in the period of 1 year, 7–50% of wood Raw Materials (RM) was wasted, with 65–85% resulting from sawdust and chips of wood, 15–35% from mass timber and pieces of wood panels. The costs of these production losses represented 2–8% of the business carried out [24].



A study on the emissions of Volatile Organic Compounds (VOCs) present in chemical products used in the furniture industry in Zhuhai (China), in the processes of hot gluing edge bands, finishing, surface coating and panting, identified impacts on the health of workers. The study thus recommended the need for changing the use of waterborne products and green coating in controlling the exposure to chemical agents, and in industrial technologies and facilities [25].



In Brazil, studies confirm that the implementation of CP reduces production losses. In Salvador, in the State of Bahia, the application of CP in a small furniture manufacturing company led to changes in the design (simplification of the production process, remodeling, redesign, material replacement), aiming at reducing RM losses in the generating source. These procedures resulted in a reduction of 30% in the amount of RMs, 49% in waste generation and 36% in energy consumption [22].



In the municipality of Cariacica (State of Espírito Santo, Brazil), studies demonstrated that over 20% of solid wood purchased was wasted in the form of woodchips, wood shaving and sawdust, generating costs with illegal discharge [23]. Moreover, research carried out in Natal, in the Brazilian State of Rio Grande do Norte, pointed out that the implementation of CP led to a greater reuse of MDF sawdust for manufacturing new MDF profiles, thus optimizing the use of materials, with economic benefits and returns to companies, besides operational improvements and pollution reduction [26].



The implementation of CP practices in the furniture manufacturing industry of doors and partition panels in the Brazilian State of Minas Gerais, focusing on the flow of materials, identified CP opportunities to reduce waste, inputs, water and RMs, resulting in savings of 66% in water consumption and 3% in the consumption of RMs. The generation of solid waste was reduced from 23% to 93%, preventing cutting down 3900 pine trees and reducing 13,100 kg of carbon dioxide emissions by transporting this material. In this regard, CP was considered as a tool for ecoefficiency and allowed optimizing the consumption of materials and decreasing water and energy waste [27].



Data from the research applied to the furniture manufacturing industry in Brazil identified a high production of wood waste (a noble raw material), especially in SMEs, demonstrating the inefficiency of the production processes carried out. It also highlighted the inefficiency of the layout of facilities, the location and control of stocks, as well as the movement of people and materials. The analysis also emphasized the importance of expanding and combining two areas of knowledge for developing (re)layout projects integrated with the implementation of CP.



This article was aimed at presenting a (re)layout proposal, developed as a strategy to implement CP practices in a furniture manufacturing company located in the municipality of Palhoça, in the Brazilian State of Santa Catarina, based on the analysis of production areas and sectors. Moreover, this work is part of the field research carried out by Lins et al. (2020) [28] in SMEs from the furniture industry in Southern Brazil.




2. Literature Review


2.1. The Furniture Industry in Brazil and CP


Besides being a traditional sector, the Brazilian furniture manufacturing industry includes the production of durable goods, characterized as a semi-industrial system, mainly in small enterprise production [29]. The furniture manufacturing industry has a relevant role in the wood production chain, as well as a strong social impact. In 2017, 19.6 thousand companies from the sector were responsible for generating 268.9 thousand job posts in the country, through direct and indirect employment [30]. In 2019, 18.5 thousand companies from the sector were responsible for 270.3 thousand direct and indirect jobs in the country [31], corresponding to 3.3% of the workforce in industrial production both in 2017 and in 2019 [30,31], highlighting the importance of the sector.



In 2018, sectoral data from the furniture manufacturing industry in Brazil identified 21.8 thousand companies, with a strong presence of micro (17.3 thousand units) and small enterprises (3.8 thousand units), generating 235 thousand direct and indirect jobs [32]. Sectoral data from 2019 identified 21.2 thousand enterprises which generated approximately 232 thousand direct and indirect jobs. From 2017 to 2019, the sector experienced a reduction in direct and indirect employment, with the period of 2018 to 2019 also experiencing a decrease in the number of companies in the furniture manufacturing sector [33]. This ratifies the need for investment on research and continuous improvement projects to reduce production losses, increase the productivity and the competitiveness of the sector.



The furniture manufacturing industry is forest-based, originating from forests planted with various interconnected production links [34], manufacturing products named from solid wood (sawn) and autoclaved products, processed in the form of reconstituted wood and laminated plywood panels [32,35]. Under the Brazilian National Classification of Economic Activities (CNAE, in Portuguese), the sector is characterized as a transformation industry, being classified, according to the raw material used, as the manufacturing of furniture made of wood, metal, other materials and manufacturing of mattresses [36]. In addition, the production of upholsteries involves the use of materials such as wood, foam, synthetic fiber and fabric [29].



Figure 1 shows the connections and basic flows from the RMs to the distribution channels of the furniture manufacturing chain, in the columns denominated (a) raw materials, (b) suppliers, (c) furniture manufacturing companies and (d) distribution. The red arrows represent basic production connections (macroflows), while the blue arrows illustrate the distribution. Energy, water, supplies, the machinery and equipment industries represent the support infrastructure for all process needs, supplying all systems and being represented in the first column (a) and in the beginning of each one (b)–(d) by red dash-colon lines. The byproducts and production losses are located in the base of all systems and were represented by green arrows, as shown in the legend in Figure 1.



In the same figure, column (a) shows that the RMs of the furniture manufacturing industry also originate from natural and plantation forests, from the extraction of nonwooden products such as rubber and natural fiber (wicker, straw, rattan, bamboo, coconut shells) used in the structure, accessories and coating of products. Besides, RMs also originate from the steel bars or boards produced from the steel industry (basic industry); from the chemical product industry; from the fiber (linen, cotton, jute, ramie) and leather industries for the production of fabric and coatings for upholstery and mattresses.



The furniture industry relies on suppliers of machines and equipment, as well as on the steel industry for manufacturing steel profiles, hardware, components, accessories, as well as on the textile, chemical and the mechanical wood industries for processing wood laminates, reconstituted wood panels (plywood, fiber, medium-density fiberboard—MDF, medium-density particleboards—MDP, oriented strand boards—OSB, high-density fiberboard—HDF), besides solid timber and wooden dowels [33] (Figure 1,column b).



Predominantly wood-based furniture can be classified according to its form as either plain sawn and straight (using reconstituted wood panels) furniture as well as either curved or turned (made in lathe machine and using solid wood). Depending on its use, it can be either characterized as residential, institutional or office furniture [33] (Figure 1, column c).



Regarding the type of manufacturing process, furniture can be manufactured in batches or in serial production from models, modularization, standardization of measurements in physical and/or virtual industrial catalogues in customized and specialized furniture industry. Moreover, it can be manufactured on-demand and customized for individual projects to meet the needs of customers and of the location. The planned furniture industrial sector leads the Brazilian market with the introduction of technological and design innovations in other segments of the sector [37].



As for the distribution channels (Figure 1, column d), the products in the furniture manufacturing industry are commercialized in the internal market through a chain of retail shops specialized in residential or office furniture, large stores or supplied directly from the furniture maker to the final customer.



Metal-based, timber, curved and turned furniture are also commercialized in the external market, especially those produced from solid wood/timber, which can reach the public with a greater purchase power [33]. There is direct negotiation and trade between customers and furniture makers, namely for customized plain sawn and straight furniture, which can also be manufactured on-demand.



Studies on greenhouse emissions in the furniture manufacturing process, from obtaining Raw Materials (RM) until the final manufacturing in the factory, highlighted the use and need for transporting RMs from wood, steel, plastic, chemical, textile and packaging industries located across various regions. These transportation flows lead to environmental impacts related to the generation of waste, by greenhouse gas emissions with the transport of RMs and components, by the use of non-renewable energy [38].



The literature points out that the entire furniture manufacturing chain generates production losses, besides internal and external drawbacks to the implementation of CP practices. The furniture manufacturing processes generate several types of waste, namely, solid waste, emissions and effluents. If uncontrolled, the generation, emission and disposal of this waste may lead to greater environmental damage [39]. In turn, plantation forest waste may be used as renewable wood products [35]. Therefore, these production losses (waste) should be avoided, reduced or minimized by optimizing manufacturing processes. This optimization can be applied to the production system and reverted as RMs for the production of byproducts (terminology adopted in this study to refer to the waste of materials which can be used for manufacturing other products).



The internal difficulties for implementing CP in SMEs are a result of economic aspects (lack of financial resources), besides managerial, organizational, educational and technical issues (lack of clean technologies and outdated infrastructure, machine and equipment, besides the lack of specialized staff and technical know-how of CP) [8,40,41]. For the purpose of this study, the technical difficulties faced by the lack of adequate infrastructure [41] are considered as the internal physical infrastructure, i.e., the layout.



Companies are responsible for generating production losses, ranging from the collection to the final disposal. There is the need to reduce the generation of production losses through better technological and organizational practices [42]. However, the legislation in force hampers the implementation of CP. Regulations should be considered as opportunities for improvement, not only for setting out legal obligations [39]. In Brazil, there are no legal norms laying down requirements for companies to implement CP to reduce the consumption of natural resources and the environmental impact, or even to promote the use of renewable energies and greater environmental responsibility [8,22].



Studies in the furniture manufacturing sector in the Brazilian State of Rio Grande do Sul (RS) concluded that despite complying with legal requirements, companies considered the environmental legislation in place a negative aspect, prioritizing investments on productivity and cost reduction, but not ensuring the adequate disposal of materials. These companies have reduced energy consumption by implementing structural changes to the building (translucid roof tiles, tilting windows) though without adopting changes in the energy base. In addition, 70% of these firms did not take part in any environmental project, 40% having no advisory team nor a sustainable business model, while 20% promoted green marketing [43]. It is of utmost importance that companies change their position regarding production losses, optimizing RM supplies, ensuring their reuse as a valuable by-product of the production system, with an important environmental added value.



Companies are often resistant to adopting new management tools, regularly as a result of technical and financial limitations to implement environmental management actions and CP practices. These include organizational difficulties related to business management and the control of environmental impacts, besides the resistance from furniture makers to adopt CP and to cleaning production areas, as well as the lack of personnel and misplaced roles [26]. Small companies highlight the challenging aspects of their organizational structure, with limited personnel and responsibilities centered on the owner. However, the implementation of EMS, based on CP practices, in a furniture manufacturing company in Cariacica in the Brazilian State of Espírito Santo demonstrated the importance of the process for optimizing the use and reduction of MDF waste [23].



Analyses on the organizational and environmental aspects of the production of couches in the Brazilian city of Maceió revealed that one of the limitations to optimize inputs, RMs and byproducts to eliminate production losses in the generating source was the lack of interaction between staff members involved in the process, from the project until the production [29]. Economic barriers hamper the implementation of CP in SMEs in the furniture manufacturing sector, especially throughout Latin America. Nevertheless, the application of CP enables continuous improvement, sustainable business strategies with low complexity parameters and small financial investment [22,44].



Furniture manufacturing companies consider the segregation of byproducts unfeasible, which restricts their reuse, because the chemical products and glues used in the coat-ed panels, when mixed with solid wood, contaminate all material. However, these materials represent a high economic asset [24], which should be used to supply the stock of RMs. These materials should not be wasted, with the adoption of waste prevention and reuse strategies being important to change the companies’ attitudes towards these products.



The lack of financial resources to implement CP can be overcome with routine actions, capable of generating economic and environmental benefits through the gradual reduction in the generation of byproducts and good rates of return on investments which are feasible for Brazilian SMEs [41]. The reduction and control of pollution in the generating source of companies in the furniture manufacturing sector can be reached through the implementation of CP, through changes in the layout, in the operating conditions and handling of materials, as well as with technology transfer [29].



Good housekeeping practices ensure economic and environmental gains without the need for great investments. These measures to aim at minimizing or modifying processes, improving the internal organization, promoting the rational use of RMs, equipment [18] and energy. In this regard, reduction of costs, the generation of sawdust and MDF waste, as well the environmental impact associated to greater productivity levels are included within the overall objectives of (re)layout projects.



Studies carried out in furniture manufacturing industries in the Brazilian State of Goiás (GO) observed that the most common techniques used to develop cleaner processes included improvements in the in-house production space (49% of responses) and the implementation of CP (14%) [45]. Other works concluded that the application of CP management methodology in small companies, with the analysis of flows as a step, help overcoming of internal barriers and actions to reduce the generation of productive losses [46], besides facilitating the organization of areas and sectors to optimize processes and the industrial layout, thus leading to greater productivity levels [28].



The criteria for the implementation of CP strategies are related to the organization, staff training, systems and technologies, and feedback assessment. The following attributes are included within the criterion systems and technologies: tools and technologies, as well as the improvement of production processes, the analysis of supply chains and Life Cycle Assessment (LCA) of products [47]. These criteria and attributes were correlated by Lins et al. (2020) [28] to the diagnostic analysis of the layout and the processes flows, establishing a new theoretical link. The authors point out that (re)layouts projects can be used as a strategy for the implementation of CP [28].



CP is related to Green Supply Chain Management (GSCM), used to improve operational and financial performance, as well as to improve and reduce environmental waste. According to the literature, CP strategies represent 58% of the practices for GSCM, followed by ecodesign and reverse logistics practices (55%), and green procurement (53%) [48]. In turn, studies on Green Furniture Manufacturing (GFM) emphasize the development of ecological products and manufacturing processes, besides an optimization of the industrial structure [49].



For the Brazilian National Center of Clean Technologies (CNTL, in Portuguese), CP implementation programs should be carried out under 5 different steps: (1) managerial commitment and identification of barriers (scope and training on ecotime), (2) flowchart and diagnosis of environmental processes (focus of the assessment), (3) material balance, indicators and identification of the source of waste generation (CP options), (4) technical, economic and environmental assessment (viability of the options), and (5) implementation and monitoring plan (continuity) [17].



Legal and environmental aspects, as well as the raw material procurement flow to supply the production chain, besides information and people flows, the flow of RMs in the physical industrial spaces and the physical industrial infrastructure, influence the productive and environmental performance, being of fundamental importance for CP implementation. A layout project integrated to CP practices materializes ecological production processes in the physical industrial space, enabling the physical integration of the design, materials, processes, reuse and recycling.




2.2. (Re)layout Projects as a Strategy to Implement CP in the Furniture Manufacturing Industry


The layout design process aims at systematically optimizing industrial facilities and factors that contribute to the optimization of new or existing physical spaces, focusing on the integration and harmonization of all production items [50,51]. Furthermore, it has the goal of arranging and combining departments to benefit users from the production system [52]. The layout characteristics reflect and are determined by the operations or production activities carried out in the physical space [16].



The industrial layout directly influences the performance of the production system and the results of the organization, promoting differentiation and competitive advantage [53,54]. The layout project analyzes risks, the value of the material to be moved and restrictive, objective, as well as subjective aspects of the physical production space [53]. The production flows are represented and influenced by how the layout is structured. Natural factors (light, heat, humidity), risk factors (physical, mechanical, chemical, biological and ergonomic), as well as environmental aspects are pre-requirements for projects focusing on new layouts or (re)layout projects, influencing work safety conditions.



The implementation of a (re)layout project promotes the redesign of production factors, repositions transformation resources, improves production processes, services, as well as operational management. It also has a positive influence on the enhancement and optimization of distances travelled, the flow of materials and stock, reducing displacement times and operating costs [55,56].



Studies applied to the furniture manufacturing industry demonstrate that integrating CP to a (re)layout project is a strategic and innovative action which aims at removing and/or minimizing the waste of the flow of materials, people and production, allowing one to reuse materials and improve the performance of the production system and of the areas in the production centers. The “integration of CP in the process flow analysis of layout projects provides greater opportunity for reducing waste at the generating source, reducing the small company’s environmental impact, considering the existing systems and technologies” [28] (p. 20).



At an international level, research on the assessment of the wood recovery protocol at two wood manufacturing industries in Indonesia concluded that the recovery in furniture SMEs runs into economic barriers, which hinder greater production efficiency. Moreover, the layout influences the production capacity, being considered one of the factors related to higher costs and lower wood recovery rates. The total wood recovery rate was of 29.6% in one industry and of 23.7% in another [57]. The same study showed that methods to assess the physical layout and the production systems are important to allow the identification of critical points and opportunities to recover materials for reuse.



In the furniture manufacturing industry in Turkey, the simultaneous simulation, layout redesign and the reorganization of departments in SMEs (involved in the manufacturing of wooden chairs) led to the development of an integrated method for greater work performance [58]. The research demonstrated the importance of adopting integrated and systemic approaches that can be used to associate (re)layout to CP and information flows.



In Brazil, the analysis of process flows in an office furniture manufacturing industry located in the Brazilian municipality of Palhoça (SC) identified a total of 775.58 m of flow lines, with 66.93 m representing returns and crossings. Moreover, the project highlighted an area of 107.24 m2 wasted, with 72.06 m2 of the floor area occupied with materials to be discarded as production losses. The (re)layout project allowed to rationalize the production space, pointing out 25 opportunities of CP by optimizing systems and technologies, reducing production waste in areas and flows, internal rearrangements considering the proximity of inter-related sectors [28].



Studies in furniture manufacturing industries in the Brazilian State of Minas Gerais (MG) highlighted that the layout redesign, besides the rearrangement of the workspace and production areas reduced costs, enabled greater efficiency levels, greater productivity and production capacity [59,60]. Changes in the process, the position of machines and sectors ensured a better use of areas, of the demarcation of movement and safety areas, leaving aisles unobstructed, ensuring time and movement reductions, besides improvements to safety with the removal of risks at work [60].



Studies carried out in three furniture manufacturers in the Brazilian municipalities of Alegre and Jerônimo Monteiro, in the State of Espírito Santo (ES), analyzed the layout, the position of machines, the ergonomic conditions and flows. The proposals optimized ergonomic factors, production flows, comfort and safety conditions of the workspaces, increasing productivity. The repositioning of the machines in the layout enabled the optimization of effective working time, with the reduction of dispersed works [61].



Changes in the layout have a technological purpose, focused on the reductions of waste at the source [17,18]. In addition, they are also related to competitive priorities and to production capacity, as well as to the introduction of technological innovations and/or the manufacturing of new products. They also facilitate communication, information flows, besides the flow of people and materials, promoting enhancements to the position and optimization of the use of areas and processes, reducing costs, production time and losses, thus increasing productivity and safety in the work environment [16,54,60,62].



The factors which influence layout projects include external or internal changes, services (internal or external benefits offered to customers and personnel), labor work, materials (quantity and features), waiting time (delays and stocks), equipment, building (structural aspects) and the movement of materials and personnel [50,52]. These factors are related to the criteria and attributes for the implementation of CP practices, especially to the criterion of systems and technologies [46,47].



The movement factor refers to the displacement of materials and personnel throughout the manufacturing process, as well as to the flow of the production processes. The diagnosis highlights the fluidity of flows, floor obstruction, distances travelled, returns, crossings, risks, value and inter-relations between the areas and sectors [50,52,53]. The factor waiting time regards the storage and stock areas, located in the center of the production areas, waiting for the subsequent movement [50,52].



The methodology applied in the layout project is divided into three steps: (1) general layout (design of areas and flows between departments), (2) detailed layout (design of the spatial needs for machines, equipment, operations, personnel, accesses, transport, and the sequence of operations between the workstations) and (3) adjustments to the general layout (redesign of areas). Under this methodology, the factors that influence the layout are applied to the three steps. The areas for design of the project can be subdivided into work centers, circulation, office, sanitary facilities, dressing rooms, food court and kitchen. For the design of flows, it is necessary to define the production, auxiliary and service departments, besides the sequence of production and administrative activities, as well as the analysis of the type of material and flow between departments [50,51,52].



In sum, (re)layout projects are defined as a strategy for the implementation of CP practices in small businesses, taking into account the inter-relation between their objectives for the optimization of spaces which encompass the production processes, contributing to increasing levels socio-environmental responsibility, as well as the productive adaption and flexibility to new scenarios in the furniture manufacturing industry.





3. Materials and Methods


This work is characterized as applied research, following a multi-methodology: literature review and case study. The case study was carried out in a micro company located in the municipality of Palhoça, in the metropolitan area of the Brazilian city of Florianópolis (SC), which produced 10 office furniture lines (call center, workstations, platforms, reception, drawers, shelves, desks and archives).



Step A was the first presential encounter for field studies and technical visits. In this step, carried out in 2015, authors Lins and Merino collected data through two technical visits aimed at mapping areas and sectors (company’s features and characteristics of its physical layout) and production monitoring. Subsequently, 3 non-presential steps were performed: Step B (for description and integrated analyses), C (for identifying critical points and CP opportunities) [28] and D (for generating project alternatives, assessment and choice), which served as the basis for the present article (Figure 2).



The two technical visits (Step A) were preceded by planning, project and literature review. The first technical visit involved the application of an integrated checklist (CP and layout) and photographic surveying. The second technical visit, was to measurements of the base layout for carrying out the research and project, as well as the monitoring of the production process and respective photographic survey.



The conceptual – theoretical literature review concentrated on the keywords: layout, (re)layout, “physical arrangement”, “Cleaner Production” (CP), “furniture manufacturing industry” (in Portuguese and in English). The literature review was carried out in books and in the Capes, Scopus and ScienceDirect databases.



Step B (non-presential) consisted of the description, technical design, development of analysis tools which culminated in the identification of Critical Points on the associated base layout for the implementation of CP (Step C, non-presential). The criteria and attributes for the implementation of CP [47] and layout project factors [50,52] were interconnected and formed the theoretical framework for the diagnostic analyses of areas, sectors and flows, thus contributing for the identification of CP opportunities associated to the flow of processes and analysis of areas and sectors (Step C) (Figure 2).



In Step D (non-presential), the planning, project and literature review are concentrated on the drafting, choice and assessment of alternatives of (re)layout projects and implementation of CP. It also involved the methodology for drafting the industrial facilities project and layout design [50,51,52] and CP implementation [17,18].



Step E corresponded to the second presential moment for field studies and technical visits. It was carried out in 2018 and had the participation of authors Lins and Rapôso. It was preceded by the design and work plan to ensure the feasibility of a technical visit for the presentation and delivery of the project to the case study company to update the data for the diagnostic analyses and CP opportunities, besides the assessment of the project for subsequent adjustments (Figure 2).



Step F assessed the project, and carried out the adjustments and comparative analyses of the measurement parameters (in percentage terms of area usage), maintaining the contact of the company in a non-presential manner to follow-up (Figure 2). Figure 2 details and summarizes the steps for carrying out the present research, and it can be used in future works, especially those focused on small companies in the furniture manufacturing industry. The research steps represent the methodological contribution for carrying out projects aimed at the non-generation and/or minimization of production loses in the industrial production space.




4. Results and Analyses


4.1. Diagnostic Analysis of the Case Study Company


This research was carried out in a Micro Company (MC) of office furniture manufacturing and trade, set out in an area of 1410 m2 in a commercial and industrial space in the Brazilian city of Palhoça (SC). According to the Brazilian Micro and Small Business Support Service (SEBRAE), a Micro Enterprise (ME) is a small business with a turnover equal to or less than BRL 360k, with up to 19 employees (Law n° 123/2006) [63,64].



Data from the Brazilian furniture manufacturing industry from the years of 2017, 2018 and 2019 corroborate this choice. In 2017, there were 21.8k furniture manufacturing companies in the country, with 86.1% (18,220 thousand) producing predominantly wood-based furniture [32,33], concentrated along the South and Southeast regions of Brazil. In 2018, 17.3k units were Micro Enterprises (ME). In turn, in 2019, this amount reduced to 16.8k units [32,33]. In 2019, 437.5 million furniture units [31,33] were produced, with most representing bedroom furniture (33.2%), followed by office furniture (17.3%) [31].



Figure 3 presents the furniture manufacturing process and the Synthetic Flow Chart of Manufacturing and Assembly (SFCMA). The SFCMA is the synthetic representation of the manufacturing and assembly process, defining the activities necessary for the productions, as well as the order of these activities and the definition of material flows throughout this process [15,16,50,51,52]. The SFCMA of the company was developed based on the technical visits carried out in 2015 and 2018 for data collection and monitoring of the production, consisting of the description of the diagnostic analyses (Steps A and B of the research). The production was divided into processes for manufacturing tabletops, straight and curved connection components (process A), manufacturing cupboards, shelves and partitions (process B) and manufacturing of drawers (process C). In 2015, the company’s organigram took account of one director and 17 employees (receptionist, manager, production supervisor, carpenters and assistants). The company was subdivided into the Planning and Production Control (PCP) sectors, with the production supervisory being concentrated in the administrative section due to lack of space in the production area.



In the production area, the employees (carpenters and assistants) were distributed along the following sectors: cutting of furniture components (processes A, B and C, 1st line of Figure 3), processing (processes A and B, 3rd row), automatic and/or manual gluing of edges (processes A, B and C, 6th row), drill and pre-assembly/assembly (processes A, B and C, 9th row), packaging/accessory selection/dispatch (processes A, B and C, 12th row).



The first column of Figure 3 shows the inflow of machines, equipment, supplies, RMs and other materials necessary for manufacturing the furniture components. The second, third and fourth columns depict the sequence of processes A, B and C, identifying displacements (rows 2, 5, 8, 10, 13 of the SFCMA), intermediary stock of components being processed (rows 4 and 7 of the SFCMA) and finished material (11th row).



The last column outlines the outputs of the system, i.e., products, production waste (waiting time, delays, distances traveled, intermediary stocks, critical points and floor obstruction), as well as environmental waste (sawdust, wood shavings and MDF/MDP waste, nylon tapes, cutting disks, MDF + Glue + Edging Tapes (ET), tabletops/ET, tows, solvents, packaging, plastic, carboard, adhesive tape, gases/combustion). The data collection did not allow us to establish the mass balance due to the limited time available for data collection (step A, presential).



The analysis showed floor areas filled with materials for disposal, besides production and environmental waste. In addition, the study revealed that intermediary stocks in-between the processes caused floor obstruction, besides waiting times and delays, hampering the dispatching stage.



The lack of synchronization of the processes and orders, the flows and floor obstructions with the intermediary stock of components and materials for disposal in the layout also caused delays in the manufacturing and in complying with the delivery deadlines.



4.1.1. Zoning Analysis (a.) of the Base Layout


The zoning plan of the areas (Figure 4) presents the physical space of the company studied, considering the base layout (considered as reference for all studies). The floor plan presented in Figure 4 identifies the location of the administrative/sales area (a.1), staff support (a.2), stock/storage (a.3), production, packaging/dispatch (a.5), byproducts (a.6), circulation (a.7) and unused external area (a.8).



Figure 4 locates the Production Centers (PCs), machines and equipment, stock of materials in use, stock of material for reuse and disposal, inflow of raw materials (pink arrow) and of customers (purple arrow), outflow of finished materials (blue dashed arrow), and environmental waste from disposal (green arrow).



Figure 4 identifies the location of the Production Centers (PCs), machines and equipment, stock of materials in use, stock of material for reuse and disposal, inflow of raw materials (arrow in pink) and of customers (purple arrow), outflow of finished materials (blue dashed arrow), and environmental waste from disposal (green arrow).



The floor plan in Figure 4 also outlines the fragmentation of the production areas (283.36 m2), stock areas (273.66 m2), areas for byproduct allocation (98.96 m2), circulation (445.90 m2), thus verifying that only 27.18% (area 6a/26.90 m2) of the total area for byproducts (98.96 m2) is allocated for reuse. In addition, 78.82% of this area is wasted with the allocation of materials for disposal (area 6b/72.06 m2). Moreover, the floor plan shows a waste of 107.24 m2 in working areas (red dashed rectangle), with the byproduct areas (area 6a, outlined as critical points), located opposite the MDF stock (close to the inflow of RMs, area 3), hampering and/or preventing the access for reuse.



Following the measurements, it was possible to verify that 76.58% of the area allocated to byproducts for disposal (area 6b/55.19 m2) was occupied with the silo (J/19.40 m2), container (K1) for trash disposal and the dumpster (K2) for MDF/MDP waste and rubble (35.79 m2)—all parallel to the access to facilitate collection. The MDF/MDP stocks occupied 100.00 m2 of the floor area, being located close to the access for raw materials, to the production and cutting machine areas (A1 and A2) in order to facilitate the reception of materials and transportation. Nevertheless, 1 batch of MDF and edging tapes (ET) and storage room were located next to area 2 and far away from the production area (a.4), causing unnecessary displacements (outlined as critical points).



Figure 4 highlights 12 areas of floor obstruction (approximately 39.45 m2), represented by black dashed rectangles, as well as 15 areas of stocks of intermediary material on-hold, for processing (56.09 m2), waste of prejudicial areas to the physical layout, transport, movement, storage and material handling in the CPs, which show a lack of planning and control in terms of the movement and location of materials in the layout.




4.1.2. Analysis of Production Centers (PCs) and Sectors (s.) in the Base Layout


The floor plan of the Production Centers (PCs) and sectors (s.) in the base layout (Figure 5) details and locates the machines and equipment, as well as the type of stocks of materials and byproducts, extraction pipes of sawdust particles in the layout.



Figure 5 identifies the location of fire extinguishers (grey dashed circles), their spanning range (10.00 m, in accordance with NR-23) [65] and critical points with areas out of range. It also identifies 8 areas of storage room and specifies the types of stocked material. The storage room (sector 14) stocked components and accessories used in the drilling sectors (sectors 20a, 20b and 22) and assembly sectors (sectors 21, 23a and 23b).



It was also observed that the processes which generated more byproducts and environmental waste were cutting (sectors 15a, 15b and 15c) and machining (s. 16), despite the MDF/MDP cutting plans carried out in the Production Planning and Control Center (PPC) (s. 4). The company also disposed of pipes, sawdust collectors for extraction and pipes directed towards the silo to avoid the dispersion of MDF/MDP particles in the air. However, the lack of proper sealing of the physical space around the extractor (silo) (s. 32) increased the dispersion of particles when emptying it, thus impregnating 249.21 m2 of floor area with MDF/MDP particles after each extraction (area affected outlined with a green dashed rectangle in green).



The supply of RMs for the stocks was carried out via 2 different access points (supply flow lines in pink), conflicting with the access of customers and the outflow of finished material (s. 25). The packaging/dispatch sector (s. 24) was located in the end of the process chain, close to the entrance/exit of trucks and to the exit of finished materials.



The position of the sectors followed the production flow sequence. Nevertheless, the analysis outlined the need for optimizing the PCs eliminating returns and crossings in order to enhance the movement of materials throughout the process (Figure 5) and minimize flows. The Critical Points observed in each area (a.) and sector (s.), besides the technical barriers related to the physical infrastructure and to the systems and technologies are summarized in Table 1, being considered challenges to the implementation of CP.



The design of the SFCMA (Figure 3), zoning plan of production areas (a.) (Figure 4) and the detail of Production Centers (PCs) and sectors (s.) (Figure 5) supported the base layout analyses, being associated to the analyses for the implementation of CP. The analyses resulted in the identification of 48 Critical Points (Table 1), thus leading to a list of opportunities for CP with improvements in the position of the management infrastructure, staff support, the physical and technological infrastructure, besides the supply and storage of materials and byproducts [28]. In addition, it culminated in the generation of project alternatives and plans for changes, aiming at optimizing inter-related areas between processes and CP. Therefore, the development of a (re)layout process associated to CP was considered an innovative strategy for implementing CP in the furniture industry.





4.2. (Re)layout Project as a Strategy for the Implementation of CP


The areas for the (re)layout project were estimated based on the analyses of the movement of materials and metric surveys of each area and sector during the second field visit, besides being based on the diagnostic analyses of flowcharts of the production process, of the spaces for carrying out the activities and the inter-relationship between areas and sectors, as well as considering the environmental waste detected. Moreover, it also consisted of the removal of returns, crossings and floor obstructions.



4.2.1. Zoning Analysis of the Areas (a.) in the (Re)layout Project


The zoning plan of the areas in the (re)layout project is presented in Figure 6, locating the entrance of Raw Materials (RMs), byproducts for internal use, machines, equipment, as well as the exit of finished materials and byproducts for external use (industrial symbiosis).



In the (re)layout project, the zoning plan (Figure 6) shows that the access of customers (purple arrow) was separated from the exit of vehicles with finished material (blue dashed arrow). The administration/sales area (a.1) was expanded by 19.12 m2 to allow the creation of an area dedicated to the management of dispatch activities (a.5), close to the access gate for loading finished furniture components, as well as for the displacement of the PPC area close to the production area (a.4), aiming to facilitate management and control processes. In addition, there were also improvements in the interaction and training of the team through the allocation and restructuring of the indoor space for training.



The staff support area (a.2) was enlarged by 23.22 m2, including bathrooms, locker rooms and rest areas. The restructuring of this area aimed at improving the rest conditions for staff, besides ensuring adequate levels of comfort and safety. The project also includes an internal garden area by opening the roof (a.8) for better airing the workspace located between the administration/sales (a.1) and staff support areas (a.4), without crossings.



The (re)layout project also reduced the fragmentation of the stock/storage areas (a.3). The stock of RMs (a.3) was combined and located close to sectors with greater activity in order to minimize time wasted with unnecessary displacements. Regrouping the stocks by type and proximity to the inter-related sectors enabled to make the area available for other uses, namely, by combining the stocks of byproducts for internal use (a.6).



The areas designated to the disposal of materials were removed and replaced by areas for byproducts (a.6/total of 47.81 m2), both for internal use (6.a/13.49 m2) and external use (6.b/34.32 m2). The reduction was of 51.15 m2, from 98.96 m2 in the base layout to 47.81 m2 in the new proposal, representing a reduction of 51.69%. Furthermore, the byproducts for internal use (6a) were combined and organized in shelves with easy access, close to the entrance of RMs. The byproducts for external reuse (6b) were separated in containers located in each of the PCs, grouped and stored in 2 dumpsters (K2/3.20 m2) for MDF pieces and splints, 3 barrels (K1) for separating materials (plastic, glue, edging tapes, tow) and the silo (J) (19.40 m2)—all parallel to the curbside and close to the entrance of RMs to facilitate delivery and transportation.



The areas for byproducts were reduced based on the optimization of areas, sectors and flows, organizing and freeing the floor of each Production Center in order to minimize waste in the generating area, machines and equipment, based on plans for optimizing procedures and cutting processes. The proposals for the (re)layout project associated to CP practices include the planning to minimize the disposal of materials in each Production Center (generating area), selective collection, cataloguing procedures and storage of material for internal and external use.



The dumpsters (K1 and K2) for disposal, present in the base layout (Figure 4 and Figure 5) were removed and replaced by barrels and dumpsters (1.60 m2 each), minimizing the floor use with materials for external reuse. The area for byproducts (a.6), the barrels and the silo (a.6b/19.40 m2) were sealed with a sliding door to avoid the dispersion of wood particles when emptying the silo. The analysis recommends purchasing pipes which fit in the silo, at the same height as the dumpster and with covers to prevent the dispersion of sawdust particles in the air when emptying the dumpster. The external reuse depends on the cooperation between companies involved in the local waste collection.



The areas with floor obstruction were eliminated and the stock being processed, originating from cutting machines and edge taping, were arranged in wheel benches to facilitate transportation, processing of materials and for ergonomic purposes.




4.2.2. Analysis of the Production Centers (PCs) and Sectors (s.) in the (Re)layout Project


The floor plan of Production Centers (PCs) and sectors (s.) in the (re)layout project details the integrated zoning proposal, outlining the location of sectors (s.) according to the flow of people and materials, as well as to the position of materials being processed, and of byproducts for internal and external reuse. The sectors (s.) were detailed in Figure 7 of the (re)layout project.



The entrance of customers was separated from the exit of finished material and transferred to the right hand-side of the floor plan, ensuring direct access (purple arrow) to the reception (sector 1 or s.1). To the administration/sales area (a.1), reception (s.1), meeting training (s.2), direction (s.3) and management/sales (s.4) sectors was added a workspace for the dispatch manager (s.5), close to the dispatch area (a.5) and internal access to loading and transport (s.29). In addition, an environmental management area, the PPC and ecodesign sectors (s.6) were also included together to ensure the planning and management of products and manufacturing processes which are ecologically designed to avoid pollutant emissions, with a rational and optimized use of RMs, materials and inputs, thus minimizing the waste of materials, time, areas, sectors and flows in the layout. This also helps to promote the internal and external reuse of materials, for continuous improvements in the production and environmental performance.



The environmental management sector, PPC and ecodesign (s.6), together with the production area (a.4) facilitates planning, management, control and production assessment actions, ensuring the compliance with work safety norms (control in the use of PPEs, for instance), as well as actions more closely related to CP, thus promoting changes in the environmental attitude of the company. The PPC (s.6) can promote actions to organize workspace and prevent materials to avoid overusing benches and floor areas, which can hamper the control and organization in the manufacturing space. With the (re)layout project, the distances from between the PPC (s.6) and the cutting sector with a horizontal section cutter A1 decreased from 76.19 m (s.15a/Figure 5 of the base layout) to 12.61 m (s.19a/Figure 7), and to the cutting section with horizontal section cutter A2 from 74.58 m (s.15b/Figure 5 of the base layout) to 8.34 m (s.19b/Figure 7).



One of the criteria for implementing CP practices is training [47]. With this objective, the administration/sales area (a.1) was restructured in the (re)layout project, with the inclusion of the meeting and training sector (s.2/Figure 7), ensuring physical and technological mobility enhancements to promote the interaction and continuous training of the team on CP practices. The sector of general management/sales (s.4) remained in the administration/sales area (a.1/Figure 6) as it is responsible for managing resources and purchasing materials, combining directorate strategies (s.3) with information connected to sales (s.1), environmental management, safety, PPC, ecodesign (s.6) and dispatching (s.5). The space designated to CP training aims at promoting a change of mindset towards the non-generation and minimization of pollutants and waste.



A rest area (s.11) was designed in the staff support area (a.2), also ensuring the addition of bathrooms (s.10) and locker rooms (s.9), in accordance with norm NR-24 [66]. The fire extinguishers were relocated aiming at improving safety and widening the range (see dashed circles in grey/Figure 7). The areas (1 m2) opposite the extinguishers were unobstructed and outlined, complying with NR-23 [65].



In the (re)layout plan, the MDF/MDP stocks remained close to the access to RMs and next to the cutting machines (A1, A2) and routers (B1, B2) to facilitate the use and transportation of material, though these were combined. The storage room was relocated to an area close to production and subdivided into two parts: one for stocking Edging Tapes (ET) (s.13a) and another for stocking components and accessories (s.13b). In addition, one area was reserved for future expansions (corresponding to 11.90 m2) of the storage room, not jeopardizing the circulation (Figure 6 and Figure 7).



The supply to the storage room with edging tapes and accessories (s.13 and s.13b) and with carboard stocks (s.17) was carried out through one single entrance for RMs, close to the stock area of byproducts for internal reuse (a.6a, Figure 6), MDF/MDP waste sectors (outlined in Figure 5 as critical points in pink) and reducing displacements throughout the processing of edge taping (sectors 23a, 23b and 24), drawers’ assembly (s.25), drilling of components/cabinets (s.26) and assembly (sectors 27a, 27b, 27c, 27d).



The area of 28.08 m2 designated to the sock of cardboard in the base layout (s.12, Figure 5) was reduced to 13.82 m2 (s.17/Figure 7). The project highlights the addition of a gate close to the cardboard stocks, to ensure the supply under the same inflow of MPs (pink arrow/Figure 6 and Figure 7), thus improving the control of the areas. The stock of accessories in use were distributed along 10 shelves which can be supplied according to the PPC scheduling.



The production area (a.4) was optimized and integrated. The sectors were reorganized and grouped to ensure flows with no returns or crossings (Figure 6 and Figure 7). The sectors focused on cutting rectangular components (s.19a and s.19b) and ripping curved components (s.20a and s.20b), close to the MDF stock (s.12), were arranged at the central edge of the area, initiating 3 continuous production flow lines: line A for manufacturing tabletops, rectangular and curved connections; line B for manufacturing cabinets, shelves and partitions (rectangular cut); and line C for manufacturing drawers (rectangular cut), as shown by the red dashed line (Figure 6 and Figure 7).



Production line A starts in the rectangular cutting sector (s.19 a, section cutter A1) or in the section for ripping curved components (s.20a/router B1 and s.20b/router B2). This line can be then directed towards the machining center (s.21) and/or to the manual edge taping sector (s.24), followed by the finished material stock (s.18). A space allocated to cutting steel profiles was added besides the production line (A) (s.22/miter saws with slide function G1 and G2) with the stock hung to the wall. After cutting, these profiles can be directed towards the sectors focused on the assembly of drawers (s.25) or the assembly of cupboards (sectors 27a, 27b, 27c, 27d), according to the furniture model.



Production line B starts in the sector dedicated to rectangular cuts (s.19b, section cutter A2), following towards the automatic edge taping sector (s.23b/edge tape gluer D2). The furniture pieces can then be directed towards the sector for drilling cupboards (s.26), the assembly of cupboards (s.27a, s.27b, s.27c, s.27d) and/or to the stock of finished material (s.18). In turn, production line C starts in the sector dedicated to rectangular cuts (s.19a, section cutter A1) and is then directed towards the automatic edge taping sector (s.23a, edge tape gluer D1), with the pieces being then transported to the drawers’ assembly sector (s.25), then to the stock of finished products (s.18).



The sector allocated to packaging/dispatching (s.28a) remained in the end of the process next to the stock of finished material (s.18). The dispatch/garage sector (s.28b) and management/dispatch (s.5) were arranged together in the indoor area of the company. The following opportunities identified by the (re)layout project associated to CP for sector 28a can be pointed out: avoid or minimize the use of plastic material produced with polyethylene, avoid the disposal and ensure selective waste management, replace polluting plastic materials by biodegradable and/or cardboard, selective waste management of wood material waste and promote their reuse. The physical space for these activities was restructured with the introduction of a support bench, a shelf, dumpsters and management procedures, besides the control and assessment of CP practices.



In the (re)layout project, the byproducts were subdivided by type (MDF/MDP waste, MDF/MDP parts and splints, steel, sawdust, plastic, MDF + glue + edge tape compound, cardboard, paper, sawdust from drilling, organic waste, glue and solvent packages, tow, contaminated paper). The dumpsters were located in the sector and close to the access to RMs to ensure selective waste management and internal and/or external reuse (indication of the type of material), besides the appropriate disposal by a specialized company.



The pipes for collecting sawdust were relocated, suspended and rearranged in a perpendicular position to the silo (s.32), which remained parallel to the curbside to facilitate the collection, though now in a sealed environment, preventing the dispersion of sawdust particles in the air and surroundings. In the (re)layout project, the scattered MDF/MDP waste which was leaning on the walls in the base layout (sectors 26 and 27/Figure 5) was grouped and stored in sector 30 (s.39) for reuse. In the (re)layout project, the byproducts originating from the section cutter machines (A1, A2), routers (B1, B2) and machining center (C) can be directed to the byproducts area after selection and cataloguing procedures (a.6a/sector 30/Figure 6 and Figure 7) through wheel benches.



Following the (re)layout project, the existing and designed data were compared, having observed the optimization of the parameters as a result of the (re)layout project, associated to CP practices, thus validating the study. Table 2 compares the use of zoning areas and sectors in the baseline scenario, the estimations of the areas proposed in the (re)layout project and the influence of the (re)layout project on CP practices.



The data presented in Table 2 confirm the theoretical and practical contribution of this study and that the (re)layout project integrated with the CP helps to promote improvements in areas, sectors and processes, minimizing production waste and helping to overcome barriers for the implementation of CP. Moreover, it contributes towards meeting SDGs in a practical way, through improvements in safety, ergonomics, health and well-being of workers (SDG 3) in all areas of the company; efficient production areas (a.4) with the use of resources, cleaner technologies and processes, as well as the integration of systems for the non-generation of waste (SDG 9); stock areas (a.3) which prevent waste generation and maximize the use of resources (SDG 15); dispatching (a.5) and byproducts (a.6) which facilitate the non-generation of pollutants, the control and internal/external reuse (SDG 15).






5. Discussion


By carrying out the (re)layout project integrated to CP practices, the administrative area of the company (a.1/Table 2) was expanded by 25.18% when compared to the base layout, having a positive influence on the arrangement of the physical spaces for activities related to management, the integration of preventive Environmental Management (EM), safety and ecodesign to the Production Planning and Control (PPC), as well as dispatching activities. With the expansion, it was possible to organize the physical space to ensure a dedicated space for meetings, team interaction, the presentation of projects and training, and improving security. The organization, training and people management criteria and attributes for the implementation of CP [47] were fulfilled. The (re)layout project integrated to CP practices thus strategically contributes to the organization of the physical space of management, training and support areas to facilitate the integration, management of routines, changes and overcoming technical barriers that contemplate SDG 9, 12 and 15.



The expansion of supports areas by 53.71% when compared to the base layout aimed at ensuring that the work environment was safe and comfortable for staff. The change was related to the rearrangement of the storage area close to the production area to facilitate supply, as well as to the inclusion of bathrooms, locker rooms and rest areas to minimize risks and comply with norm NR-24 [66] on the sanitary and comfort conditions in the workspace. The production area was expanded by 283.36 m2 to 425.06 m2, thus, an increase of 33.33% when compared to the existing area, ensuring greater floor production capacity.



With the relocation of the storage room, the supply flow lines for the inflow of RMs (pink line) were reduced by 86.96m (base layout /Figure 5) to 46.75 m (in the (re)layout project, Figure 7)—this reduction represents a decrease of 46.24% in the supply flows. The stock/storage area was reduced by 273.66 m2 to 203.65 m2. In addition, the total area was reduced by 70.01 m2, corresponding to a 25.59% decrease when compared to the base layout. This decrease was obtained from the separation of the access to RMs, as well as to the access of customers and the exit of finished material, and by grouping materials for storage, the location of stocks aiming at reducing displacements of inter-related areas.



In the (re)layout plan, the area occupied with material being processed changed from 56.09 m2 to 15.32 m2 arranged above the floor, in wheels benches, promoting the reduction of waste and ergonomic improvements. Critical Points were eliminated from the areas and sectors, ensuring the clearance of floor areas.



The (re)layout project associated to CP practices enabled to increase the area for dispatch/packaging (a.5) by 15.37 m2 (a 24.65% increase) and focus on minimizing the generation of production waste, optimizing processes and the physical space for preventing delivery delays. Moreover, the area was interconnected with the dispatch management sector (s.5), enabling improvements in the management of orders, delivery and dispatch dates. The areas allocated to byproducts (a.6) were rearranged and reallocated for internal and external reuse, with the specification of the type of materials for such. The areas for the disposal of materials (considered waste) were eliminated. The areas for byproducts (a.6/Table 2) were reduced from 98.96 m2 to 47.81 m2, corresponding to a decrease of 51.69% when compared to the base layout. These changes and the rearrangement of dumpsters facilitate selective waste collection, as well as internal/external reuse, thus promoting the minimization of production waste, optimizing processes and clearing floor areas and ensuring sustainable operations.



The (re)layout project integrated to CP practices fulfilled the criteria and attributes associated to systems and technologies for the implementation for CP [47] in the stock (a.3/Table 2), production (a.4/Table 2), dispatch/packaging (a.5/Table 2) and byproduct areas (a.6/Table 2). Thus, it ensures an innovative link which contributes towards overcoming technical barriers related to the implementation of CP practices, discussed by [20,39,40], having a positive influence on the organization of physical spaces for storage, production, dispatch/packaging, byproducts and circulation, and promotes improvements in areas, sectors and processes, minimizing production losses. The results confirm that the (re)layout project can be used as a strategy for the implementation of CP practices. These studies are innovative, and are in line with the research carried out by Lins and César (2015) [21] and Lins et al. (2020) [28] on layout and CP.




6. Conclusions


The data of the present research confirm the hypothesis that a (re)layout project is a strategy for the implementation of CP in SMEs, boosting changes in areas and sectors, thus promoting the optimization of processes and the minimizing waste and production losses. In this regard, integrating (re)layout projects to CP practices is characterized as innovation in the workspace, with the reduction of environmental impacts.



In the case study, the (re)layout project integrated to CP ensured the increase of the administrative area by 25.18%, having a positive influence on the management space aiming towards the integration of the Environmental Management (EM), Ecodesign and PPC and promoting changes. Moreover, it reduced the stock/storage area by 36.59% and the area for materials in processing by 72.69% by rearranging and optimizing areas and sectors, besides clearing floor spaces. The area allocated to byproducts for reuse was reduced by 51.69%, with the areas for disposing materials being removed. In addition, the floor capacity was increased, with the production area expanded by 33.33% from the optimization and association of areas and sectors which are interrelated, reducing waste and areas with floor obstruction and production losses.



The methodology used for carrying out the (re)layout project integrated to CP practices enabled to fulfil the objective of this research and optimize processes, areas and sectors through a (re)layout project, strategically contributing to the implementation of Cleaner Production (CP). The (re)layout associated to the implementation of CP in the furniture manufacturing industry used as a case study herein optimized areas and sectors, reducing production losses and the waste of resources; thus, optimizing processes which extrapolate the internal industrial space and interfere in socio environmental well-being.



The (re)layout project is a strategy for the implementation of CP practices in physical industrial spaces, fulfilling criteria and attributes that, when associated, establish and boost a positive and innovative link between two different fields of knowledge (layout and CP), contributing to the economic and socio-environmental sustainability, as well as towards meeting Sustainable Development Goals (SDGs) 3, 9, 12 and 15.



In practical terms, (re)layout projects integrated to CP facilitate the management and optimization of areas, sectors and process flows, improving production capacity through the reduction of production losses and optimizing the use of materials and inputs. Furthermore, it promotes the reuse of materials, the quality of the work environment, of processes and products, besides reducing costs and waste.



One of the contributions of the present study in the field of sustainability includes broadening the dialogue on the strategic importance of sustainable physical industrial projects integrated with Cleaner Production (CP), tackling aspects related to the optimization of processes which extrapolate the internal industrial environment.



Therefore, it is an innovative contribution which establishes a new perspective for integration of (re)layout projects with the implementation of CP, to mapping dumpsters for byproducts, maximizing the use materials, boosting the reduction of production losses and the waste of natural resources.



The analyses of areas, sectors and processes integrated with the analyses of production losses can be characterized as a strategy for the implementation of CP practices in the furniture industry, promoting changes which can optimize processes and ensure continuous internal changes, thus encouraging investments and the commitment of companies for greater production performance and sustainability. In this regard, the present research is an innovative proposal that establishes a new theoretical and practical perspective for (re)layout projects (physical arrangements or layouts) integrated into Cleaner Production, consisting of a novelty in the literature which can be replicated in other small businesses.
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Figure 1. Production chain of the furniture industry. Created by Lins (corresponding author). 
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Figure 2. Steps for carrying out the present research. (Re)layout project integrated CP. 
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Figure 3. Synthetic Flow Chart of Manufacturing and Assembly (SFCMA). Created by Lins (corresponding author). 
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Figure 4. Zoning floor plan of the Production Centers (PCs) areas (a.) in the base layout. 
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Figure 5. Floor plan of the Production Centers (PCs) and sectors (s.) in the base layout. 
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Figure 6. Zoning floor plan of the Productions Centers (PCs) areas (a.) in the (re)layout project. 
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Figure 7. Floor plan of the Production Centers (PCs) and sectors (s.) in the (re)layout project. 
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Table 1. Critical Points in the physical infrastructure, systems and technologies per area (a.) and sector (s.).
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	Areas (a.)
	Types and Number of Critical Points in the Physical Infrastructure, Systems and Technologies, in the Layout and on the CP Layout per Area (a.) and Sector (s.)





	a.1
	(1) Conflict between the area allocated to the entrance of customers for reception (sector 1 or s. 1) and the exit of vehicles from the dispatch sector (s. 25) for delivery; (2) Location of the Production Planning and Control Center (PPC) (s. 4) in the administrative area (area 1 or a.1) far from the production area (a.4); (3) Difficulty in controlling the cutting processes (sectors 15a, 15b and 15c), machining center (s.16) and router (s.17), automatic (s.18) and manual (s.19) edge taping from the PPC (s.4) due to the distances needed to carry out the work; (4) Environmental actions restricted to the collection of MDF/MDP components in dumpsters (K1 and K2) and sawdust in the silo (J) for disposal by specialized company; (5) Costs with the removal of production waste for disposal of materials; (6) Absence of company participation in projects related to the minimization of resource waste, environmental management, CP or ecodesign; (7) Delays in the delivery.



	a.2
	(1) Lack of space for the interaction between the team and training; (2) Lack of rest area, locker room and bathrooms separated per gender; (3) Lack of training related to environmental waste.



	a.3
	(1) Fragmentation of stock/storage areas (a.3); (2) Critical supply lines facing difficulties in transporting a batch of edging tapes (s.7) and MDF (s.8) to taping (sectors 18 and 19) and cutting sectors (sectors 15a, 15b and 15c), stocked close to the kitchen (critical points of supply in pink, Figure 5); (3) Distance to storage room (s. 14) for the drilling sectors (sectors 20a, 20b and 22) and assembly (sectors 21, 23a and 23b), hampering the transportation of components and accessories; (4) Fragmented storage of byproducts in the production area (a.4); (5) Materials standing on pillars, walls and machines hampering the organization of the physical space, the movement and control of production.



	a.4
	(1) Old machines without an energy efficiency seal; (2) Lack of cleaning routine procedures of machines and physical space; (3) Lack of sealing of the space surrounding the silo; (4) Portable machines on benches and scattered around the centers, without a designated and suitable storage space; (5) Obstruction of equipment for fire extinguishing close to the drilling sectors (s.22) and cupboard assembly (sectors 23a and 23b); (6) Returns and crossings of flows for processing materials between the machining (s.16), router (s.17), automatic and manual taping (s.18) sectors; (7) Floor obstruction in production (a.4) and circulation (a.7) areas with materials in processing and byproducts; (8) Restrictions in the supply of the manual drilling sector of drawers and cupboards (sectors 20a, 20b and 22), as well as the assembly of drawers and cupboards (sectors 21, 23a and 23b) due to the distance from the storage room (s. 14); Separation of automatic (s.18) and manual (s.19) taping sectors from the circulation area; (10) Circulation crossing; (11) Sawdust spread across the floor and machines in the cutting sector (15a, 15b and 15c) and machining center (s.16), close to the automatic taping sector (s.18); (12) Sawdust particles in the air.



	a.5
	(1) Delays in dispatching products; (2) Mixed accesses: entrance of customers and staff, exit of finished materials and entrance of some raw materials (pink line) for the stock of ET and MDF close to the restrooms and kitchen (sectors 5 and 6), and storage room (s.14); (3) Replacement of polyethylene materials (or other polluting materials) by biodegradable materials or cardboards; (4) Waste of cardboard, bubble wrap due to the lack of selective collection and reuse; (5) Economic and environmental costs by transporting finished material; (6) Lack of support bench for packaging procedures; (7) Lack of bench, equipment and technology systems for dispatch control.



	a.6
	(1) Fragmentation in the allocation of waste (byproducts) of MDF/MDP components and carboard in the production area (a.4); (2) Area misused for waste and underused materials; 5 sectors (s.26) of MDF/MDP waste (components with minimum dimensions of approximately 0.40 m × 0.40m), 1 sector with cardboard pieces (s.26) allocated in the floor close to the cardboard stock (s.12), and 5 sectors (s.27) for storing larger MDF/MDP cuts (minimum dimensions of approximately 1.00 m × 2.00 m); (3) Area wasted with the allocation of materials for disposal in dumpster K1 (s.28) and MDF components in dumpster K2 (s.29); (4) MDF particles spread across the floor and machines along all cutting sectors (15a,15b and 15c) and machining center (s.16); (5) MDF/MDP sawdust particles in the air from the extraction of material from the silo due to the lack of sealing of the external space of the extractor (silo) (s.32); (6) Lack of piping in the silo (s.32) to optimize the loading of dumpsters and avoid the dispersion of sawdust particles in the air; (7) No cover on the dumpsters to avoid the dispersion of sawdust upon loading; (8) Costs with company hired to collect the materials for disposal stored in the dumpsters (K1 and K2) and in the silo (sectors 28, 29 and 31); (9) Lack of measurements of the materials allocated to the production area for reuse; (10) Lack of measurements and management of costs associated to the selective collection company for the removal and disposal of materials from dumpsters K1, K2 and the silo (J); (11) Selective collection only of MDF components (K2) and sawdust (s.32), other materials were all together in dumpster (K1) for disposal.



	a.7
	(1) Crossing of the circulation area (a.7) by the production area (a.4); (2) Fragmentation; (3) Floor obstruction in the circulation area by materials being processed (s.15a, s.15b, s.15c, s.20a, s.20b, s.23a).







Total: 48 Critical Points were identified after the integrated diagnostic analyses.
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Table 2. Comparison between the base and designed layout from the zoning analysis. Influence of the (re)layout project on CP.






Table 2. Comparison between the base and designed layout from the zoning analysis. Influence of the (re)layout project on CP.





	
Layout Project and CP Factors

	
Indicator

	
Existing Layout (m2)

	
Proposed Layout (m2)

	
Influence of the (Re)layout Project on CP Practices

	
Criteria and

Attributes of CP for Reaching

Links [+] with CP






	
Changes; Services; Labor force; Eco materials and byproducts; Stock, storage and Waiting time; Machines, equipment and systems; Eco building; Movement of materials, people and information; Dispatch and delivery.

	
Design of areas (a.) (m2)




	
(a.1)

Administration/sales

	
56.79

	
75.91

	
[+] 19.12 m2 = increase of 25.18% when compared to previous area

	
[+] Expansion of management area.

[+] Training.

[+] Preventive Environmental management, PPC, safety and ecodesing.

[+] Dispatch management.

	
Organization. Staff training.

[+] Integration between EM/PPC/Ecodesign.

[+] Team interaction. [+] Management of changes.




	
(a.2)

Staff support

	
20.01

	
43.23

	
[+] 23.22 m2 = increase of 53.71% when compared to the previous area

	
[+] Expansion of staff support areas. [+] Locker rooms, bathrooms and rest areas. [+] Risk minimization (RMs).

	
Organization. Staff training.[+] Comfort and safety. [+] Minimization of environmental risks. [+] Commitment.




	
(a.3)

Stock/

storage (total)

	
273.66

(217.57 + 56.09)

	
203.65

	
[−] 70.01 m2 in the total area = decrease of 25.59% when compared to the previous area

	
[+] Rearrangement of 70.01 m2 to other areas.

[+] Proximity to production area.

[+] Optimization of the inflow of RMs.

[+] Optimization of the area, sector and flow.

	
Organization. Systems and technologies.

[+] Physical/visual management of materials to avoid waste.

[+] Integration of projects to maximize the use of materials.




	
(a.3/floor) Area with cut components being processed

	
56.09

On the floor

	
15.32

Located above the floor, on benches

	
[−] 40.77 m2 = decrease of 72.69%

when compared to previous area

	
[+] Rearrangement

40.77 m2 to other areas.

[+] Benches/wheel benches.

[+] Floor unobstruction and flexibility.

	
Organization. Systems and technologies.

[+] Optimization of areas to avoid waste.

[+] Ergonomics.




	
(a.4)

Production

	
283.36

	
425.06

	
[+] 141.70 m2 = increase of 33.33% when compared to the previous area

	
[+] Expansion of production area.

[+] Greater production capacity.

[+] Production management.

[+]Optimization.

	
Organization. Systems and technologies.

[+] Integration of the systems to avoid production and environmental waste.

[+] Safety.




	
(a.5/

internal) Packaging/

dispatch

	
46.97

	
62.34

	
[+] 15.37 m2 = increase of 24.65% when compared to the previous area

	
[+] Expansion of the sector’s capacity of packaging and dispatching. [+] Area for non-polluting materials. [+] Area for collection and reuse.

	
Organization. Staff training. Systems and technologies.

[+] Non-generation and/or minimization of pollutants. [+] Collection and reuse.




	
(a.5/

external) loading/

unloading

	
73.82

	
73.82

	
Unchanged

	
[+] Separation between the loading and unloading area and the entrance to customers

	
Organization. Safety and staff.

[+] Safety




	
(a.6)

Byproducts

	
98.96

	
47.81

	
[−] 51.15 m2 = decrease of 51.69% when compared to the previous area

	
[+] Rearrangement of 51.15 m2 to other areas.

[+] Design for the non-generation and/or reduction of production and environmental waste.

	
Organization. Staff training. Systems and technologies.

[+] Integrated projects for internal and/or external reuse.




	
(a.6a)

Byproducts/

Internal reuse

	
26.90

For reuse

	
13.49

	
[−] 13.41 m2 = decrease of 49.86% when compared to the previous area

	
[+] Rearrangement of 13.41 m2 to other areas. [+] Projection for the non-generation and/or reduction of production and environmental waste.

	
[+] Projects for the non-generation and/or reduction of byproducts.

[+] Optimization of areas.

[+] Collection, organization for reuse.




	
(a.6b)

Byproducts/external reuse

	
72.06

For disposal

	
34.32

For external reuse

	
[−] 37.74 m2 = decrease of 52.38% when compared to the previous area

	
[+] Rearrangement of 37.74 m2 to other areas. [+] Projection for the non-generation and/or reduction of production and environmental waste.

	
[+] Association of projects for external reuse and industrial symbiosis;

[+] Organization for selective collection; [+] Reuse.




	
(a.7)

Circulation

	
445.90

	
369.52

	
[−] 76.38 m2 = decrease of 17.13%.

	
[+] Rearrangement of 76.38 m2 to other areas. [+] Optimization of the circulation flow.

	
Systems and technologies.

[+] Optimization of the area, sector and flow.








The (re)layout project is a strategy for the implementation of CP practices. It is a positive [+] and innovative link.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 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





media/file4.png
1. Techmical visit 1 for data collection (layout and CF).

1.1. Agreement and authonzations from the company.

1.2. Mapping of the localion, ifs surroundings and infernal area of the compamny.

1.3. Integrated Checklist application (layout and CP).

1.4 General photographic survey (areas and sectors).

2. Techmical visit 2 for collecting meiric data and monitoring producion.

2.1. Building and layout measurements (position of machines, equipment, furnifture, materials).

2.2 Monitoring production {flows of processes, people and materials) and photographic survey of the produchion process.

1. Description of dafa and processes for integrated analytics.

2. Floor plan drawing of industrial faclities and layout (areas and sectors).

3. Floor plan drawing of defailed layout, with the position of machines, equipment, fumiture and materials.

4. Development of a Manufacturing and Assembly Flowchart (MAF) to describe activities and their inferrelationships.
5. Floor plan with the zoning of areas in the layout for the analysis of areas integrated to CP.

€. Floor plan with the design of flow lines in the layout integrated to the MAF for analyses.

7. Diagnostic analyses integrated to processes, areas, sectors, flows and production losses.

1. Identification of crifical points: losses related to areas, sectors, flows and environmental losses.

2. Idenfification of CP opportunities from the layout analyses assodated to the implementation of CP.

3. Drafting technical reporis on the data collected.

4. Measurement of parameters in the base layout (% of use of areas, discharge of materials and production waste, %
of flow lines) to support the analysis and choice of project alfermatives and the comparative analysis.

1. Generatimg alternatives fo (rejlayout project integrafed to CP pracfices.

2. Comparafive analysis, assessment and choice of alternatives of the (rejlayout project.

3. Development of the (reflayout project mtegrated to CP.

4. Drafting document for presenting the (rejlayout project infegrated with CP for the company.

1. Techmical visit 3 for presenfing the results of the research and of the (re)layout project infegrated to CP.
1.1. Presentation, discussion and delivery (layout project integrated to CF)
1.2. Updates to the data collected and new measarements.

1.3. New photographic survey for comparation
1.4 Confirmation of analyses and CP opportunifies.

1. Analysis of base layout and (rejlayout project (areas and sectors as a measurement parameter).

2. First results of the research published i 2020 [26]

3. Companscn of the parameters (% of use).

4. Finalize the (rejlayout project for the implementation of CP from the analysis of production areas and sectors.
5. Drafting reports and technical docoments for publishing results.





nav.xhtml


  sustainability-13-13109


  
    		
      sustainability-13-13109
    


  




  





media/file2.png
a. Raw material

T !_..-"'

Mative forest

cellulose)

Fubber, fiber

ttarium alloy and
iromn) for metals and

Chemical industry
— (plastic components,
glue, resine, varnish,

Textile industry (for

Steel industry
(stainless steel,

¥

(solid wood)

- -






media/file5.jpg
e | e

- Dy






media/file3.jpg
supr
Svatation

. Tkl v o prosnting the et o s nd ot (et profctsdegaed ..
11 Preiation, dicusion andlvry syt rfc gt o CF)

12 Upaats ot e cllctnd s v s

1.5 Neow hotogapic vy o compaation.

14 Confmtionof sntyes o CPoppocinsie

1 A of b aout a (rayout e s secrs 4 masrement prametr
2 Pt et o o st pihad 2050 (4]

2 Compussnof o pramees O o .

4 Pzt oyt projet o therplementation of CP e he s of prodaction s d s
5 Draing epors o vl docnnt o pubbahing e





media/file1.jpg





media/file7.jpg
s PAcOHe oATEH 5T 82 < 2070

sl jovroouers gasem i o
S e el s
sz e mea ss

R O PSSO MATERAL 58 1) T

CATICAL PONTS (GBSTRUCTION ISTAVCE FRCH PACOUETON)






media/file10.png
CUSTOMERS' and STAFF ENTRANCE

OUTFLOWOF MATERIAL FDE, DISPOSAL INFLOW OF RAW MATERIALS (RMs) OUTFLOW OF FINISHED PRODUCTS

*.'l
|.
|
I
I
I
I
I
|

% 10N

£
=
=
S

II L
II.
- 1F ol
T
k! B
FLOOR PLAN OF THE PRODUCTION CENTERS (PCs) AND SECTORS (s.) IN THE BASE LAYOUT
LEGEND:
SECTORS (s.)
s{4) RECEPTION s./9 STOCK OF COMPONENTS/DRAWERS s. 17 ROUTER s.24 PACKAGING / DISPATCH
s @) MEETING s.40 STOCK / ASSEMBLED DRAWERS s. 18 AUTOMATIC GLUEING OF s.@5 ENTRANCE / EXIT OF TRUCKS
s@) MANAGEMENT  s.41 STOCK OF COMPONENTS FOR EDGE TAPE (ET) 5.26 BYPRODUCTS (MDF/CARDBOAD)
s @ OFFICE/ PPC ASSEMBLING CUPBOARDS AND TABLES ~ s. 19 MANUAL GLUEING OF EDGE 5. 27 UNDERUSED MDF/MDP CUTS
sB wc s 12 CARDBOARDS STOCK TAPE (ET) 5.28 WASTE / (N) MATERIAL / DISPOSAL
/6 KITCHEN s. 43 STOCK OF FINISHED MATERIAL s.20 MANUAL DRILLING / 529 MDF/ MDP WASTE / DISPOSAL
s/7 EDGING TAPE (ET) s.14 STORAGE ROOM DRAWERS (a, b) s.30 SAWDUST COLLECTOR
STOCK s.15 CUTTING SECTOR (a, b, ¢) s. 21 ASSEMBLY / DRAWERS s.31 SAWDUST / DISPOSAL
s/8 MDF STOCK s.16 CNC MACHINING CENTRE s. 22 CUPBOARD DRILLING s.32 SAWDUST COLLECTOR AND

MACHINES AND EQUIPMENT:

A1 and A2- AUTOMATIC HORIZONTAL WOOD
CUTTING PANEL SAW

B- SLIDING TABLE

C- ROUTER

D- BUSELLATO CNC MACHINING CENTRE

E1 and E2- AUTOMATIC EDGE GLUER
(TECMATIC and USIKRAFT)

F1and F2- DUAL SAWDUST COLLECTOR
G1/G2/G3 /G4 - SAWDUST COLLECTOR
H- MANUAL / ELECTRIC DRILLS

s. 23 ASSEMBLY/CUPBOARDS (a, b) EXTRACTOR(SILO)

| - BENCH-TYPEDRILLS » |FIRE EXTINGUISHERS (A, B, C)

J - SAWDUST COLLECTOR and e CRITICAL POINTS OUT OF THE RANGE OF FIRE
EXTRACTOR (SILO) EXTINGUISHERS

K1 - DUMPSTERS / TRASH (MDF/MDP -~ ~ COVERAGE RADIUS OF FIRE EXTINGUISHERS
FOR DISPOSAL) (4.59 m?) [« 10.00m)

K2 - DUMPSTERS / TRASH
2
(N/MATERIALS FOR DISPOSAL) (4.59 m?) (SUSPENDED)
AREAS OF PRODUCTION CENTRES ~SUPPLY FLOW LINES (86.96 m)

T _iAREA WITH SAWDUST PARTICLES ON ® CRITICAL SUPPLY LINES (CRITICAL POINTS)
L _ _ THEFLOOR AND MACHINES (249.21 m?)

— = — EXTRACTION PIPES OF SAWDUST PARTICLES





media/file12.png
OUTFLOW OF BYFRODUCTS {INDUSTRIAL SYMBIOSIS)

CUSTOMERS' ENTRANCE
INFLOW OF RAW MATERIALS (RMs) DUTFLD"J.FIJ’ OF FINISHED PRODUCTS

LY

ID_D%]@ |

Energy - . "
]m.et_er'_s".,.' @
Tal windows .

ZONING FLOOR PLAN OF THE PRODUCTIONS CENTRES AREAS (a ) IN THE RELAYOQUT PROJECT

LEGEND:
AREAS (a )
a.1 ||| ADMINISTRATION / SALES AREA (75.91 m?)

a5 - PACKAGING / DISPATCH (62.34 m® + 73.82 m? = 136.16 m2)

a2| | STAFF SUPPORT AREA (43.23 m?) a6 BYPRODUCTS (47.81 m?) 6a - MATERIAL FOR
| INTERNAL REUSE

a3 STOCK / STORAGE (203.65 m2) a’ CIRCULATION (369.52 m?) (13.49 m2)

2 2 2 — 2 —
(179.96 m® + 8.37 m” + 15.32 m” = 203.65 m) a.8[ . | GARDEN / CUSTOMERS’ ACCESS (29.32 m?) | 6b - MATERIAL FOR

- EXTERNAL REUSE

a4| | PRODUCTION (425.06 m?) a9| |ENERGY SUPPLY/SERVICES (24.92m%) | (3435 2

10 SHELES FOR STOCK OF RAW MATERIALS IN USE (8.37 m2) | INCREASED STOCK AREA (11 90 m?)

[+ | %7 |16 BENCHES FOR MATERIAL IN PROCESSING, OF WHICH 6

BENCHES WITH WHEELS (15.32 m?)

— — = EXTRACTION PIPES OF SAWDUST
PARTICLES (SUSPENDED)

— OUTFLOW OF BYPRODUCTS
(INDUSTRIAL SYMBIOSIS)

-+~ 3MOVEMENT OF BENCHES FOR
PRODUCTION (A, B, C)

MACHINES AND EQUIPMENT:

A1 and A2 - AUTOMATIC HORIZONTAL
WOOD CUTTING PANEL SAW

B1 and B2 - ROUTERS

C- BUSELLATO CNC MACHINING CENTRE
D1 and D2 - AUTOMATIC EDGE GLUER
(TECMATIC and USIKRAFT)

E1 and E2- DUAL SAWDUST COLLECTOR

FUNCTION

F1/F2/F3/F4-SAWDUST COLLECTOR
G1and G2- MITRE SAWWITH SLIDE

H - MANUAL / ELECTRIC DRILLS
11, 12 and 13- BENCH-TYPE DRILLS

[T TEQUIPMENT FOR HYGIENE P
(WASHBASIN, SANITIZING CARPET)

TOTAL FLOOR SPACE = 1.299.47 m? (1.225.65 m? + 73.82 m?)
LAND AREA (47 m x 30 m) = 1.410.00 m?

—— INFLOW OF CUSTOMERS
——=SUPPLY FLOWLINES (46.75 m)
— — “0QUTFLOW OF FINISHED PRODUCTS ] FIRE EXTINGUISHER (1 m2)

ROOF OPENING / AERATION

PPE - Personal Protective Equipment
E.M. -Environmental Management
PPC - Planning and Production Control

J- SAWDUST COLLECTOR and EXTRACTOR (SILO /
INDUSTRIAL SYMBIOSIS)

K1 - 3 BARRELRS FOR SELECTIVE COLLECTION /
INDUSTRIAL SYMBIOSIS

K2 - 2 DUMPSTERS FOR MDF/MDP SMALL
PIECES/SPLINTS (IND. SYMBIOSIS) (3.20 m?)

@& COLLECTOR FOR SELECTIVE COLLECTION /
BYPRODUCTS
 e— SHELVES FOR BYPRODUCTS





media/file9.jpg





media/file0.png





media/file14.png
OUTFLOW OF BYPRODUCTS (INDUSTRIAL SYMBIOSIS) INFLOW OF RAWMATERIALS (RMs)

A

ik

CUSTOMERS ENTRAN
OUTFLOW OF FINISHED PRODUCTS

CE

19.40 1"

“C

| K1)
K Cssessl fqsyln ance.
0 B .. GRS

r---1
—— —+ I
L--Ta

-

=T

ot

r=-""
—_—— — —
JE—|

—_——_————

!

| S|

—_——t — — — — — — b

FL-.3
I

R —

LEGEND:
SECTORS (s.):
(@) RECEPTION
5/2) MEETING/TRAINING
s/@) DIRECTOR
5 MANAGEMENT / PPC / SALES
s/B) MANAGEMENT / DISPATCH
s/ ENVIRONMENTAL MANAGEMENT/
PPC and DESIGN
s/7 RESTROOM
s/8 FOOD COURT
5.8 LOCKER ROOMS
s.(10' BATHROOM
5.1 REST AREA
s.12 MDF/MDP STOCK
5. 133 STORAGE ROOM OF EDGING
TAPE (ET)
Y .STDRAGE ROOM FOR
ACCESSORIES
s. 14 ET STOCKINUSE
s 153 STOCK OF PROFILES OF STEEL
s. 150 STOCK OF ACCESSORIES IN USE

* FIRE EXTINGUISHERS (A, B, C)

AREAS OF PRODUCTION
CENTRES

AHDEN E'éﬁﬁﬂ%'é gLPPLY
EENCI-ES

5. 16 STOCK OF MATERIAL IN PROCESSING
s. 47 CARDBOARD STOCK

s.18 STOCK OF FINISHED MATERIAL

s. 19 CUTTING SECTOR (a, b)

s. 20 ROUTERS (a, b) (B1 and B2)

s. 21 CNC MACHINING CENTER

5. . STEEL CUT (Mitre saw with slide function)

s. 23 AUTOMATIC GLUING OF ET (rectangular
pieces) (a, b)

5. 24 MANUAL GLUING OF ET (curved pieces)
s.25 ASSEMBLY DRAWERS

5. 26 CUPBOARDS DRILLING

5.27 CUPBOARDASSEMELY (a, b, ¢, d)

5. . PACKAGING / DISPATCH

s . DISPATCH / GARAGE

s.@9) LOADING/TRUCK EXIT

; ™, COVERAGE RADIUS OF FIRE

\ *ZEXTINGUISHERS (10.00 m)

PPE - Personal Protective Equipment
E.M. -Ervironmental M anagement
PPC - Planning and Production Control

— T3 SMOVEMENT OF BENCHES FOR
PRODUCTION (4, B, C)

—INFLOW OF CUSTOMERS

——>SUPPLY FLOW LINES (46.75 m)

— — > QUTFLOW OF FINISHED
PRODUCTS

— _ SEXTRACTIONPIPES OF SAWDUST
PARTICLES (SUSPENDED)

s.:30 BYPRODUCTS (MOF/MDP)

s.31 BYPRODUCTS (STEEL)

5.32 SILO AND EXTRACTOR / SAWDUST BYPRODUCT

s.33 SELECTIVE COLLECTION (MDFMDP)

s.34 SELECTIVE COLLECTION / SAWDUST / DUAL COLLECTOR
s. 353 SELECTIVE COLLECTION/ STEEL DUST/ COLLECTOR

5. : SELECTIVE COLLECTION / SAWDUST / COLLECTOR

5. SH ECTIVE COLLECTION (MDFMDP+GLUE+EDGING TAPES)

5_. SELECTIVE COLLECTION (MDFMDP+GLUE+EDGING TAPES)
a.' SELECTIVE COLLECTION {(PLASTIC AND SAWDUST FROM
DRILLING)

5. . SELECTIVE COLLECTION (CARDBOARLYBUBBLE WRAP)
5. SELECTIVE COLLECTION (IND. SYMBIOSIS)

5. . SELECTIVE COLLECTION {PAPER/PLASTIC/ORGANIC /
CONTAMINATED PAPER)

MACHINES AND EQUIPMENT:
A1 and A2- AUTOMATIC HORIZONTAL WOOD CUTTING PANEL SAW
B1 and B2- ROUTERS
C- BUSELLATO CNC MACHINING CENTRE
D1and D2- AUTOMATIC EDGE GLUER (TECMATIC and USIKRAFT)
E1 and E2- DUAL SAWDUST COLLECTOR
F1/F2/F3/F4- SAWDUST COLLECTOR
G1 and G2- MITRE SAW WITH SLIDE FUNCTION
H- MANUAL / ELECTRIC DRILLS
11, 12 and 13- BENCH-TYPE DRILLS
J- SAWDUST COLLECTOR and EXTRACTOR (SILO) (IND.
SYMBIOSIS)
K1 - 3 BARRELRS FOR SELECTIVE COLLECTION {IND. SYMBIOSIS)
K2 - 2 DUMPSTERS FOR MDF/MDP SMALL PIECES / SPLINTS {IND.
SYMBIOSIS) (1.60 nf cada) (3.20 m” drea total)
EQUIPMENT FOR HYGIENE

. 10 SHELES FOR STOCK OF
152150 L F 1, ~orasoRYIES IN USE

16 (7] £57] 16 BENCHES FOR MATERIAL IN PROCESSING WITH
SUPPORT FOR ACCESSORIES, OF WHICH 6 BENCHES WITH WHEELS

——= QUTFLOW OF BYPRODUCTS (IND. SYMB.) ROOF OPEMING / AERATION

@ ©o COLLECTOR FOR SELECTIVE COLLECTION / BYPRODUCTS
=== [—"1SHELVES FOR BYPRODUCTS






media/file8.png
CUSTOMERS' and STAFF ENTRANCE

C'UTFUIZ';{I\r OF MATERIAL FOR DISPOSAL INFLOW OF RAW MATERIALS (RMs) OUTFLOW OF FINISHED PRODUCTS
¥ I h

@,

|

!

|

)
l_l
|

1 X
: 6b
I
[
I
| 1
— . |
I
H :I 3 | [
Q Mool gb
N 1 |
L 1 %73 L
HJ4
. |
] |
—
| Tt
| |
4 |4:|,_ - % ! | k o & ]
OEEROIN N | I 4 3
L L l. | | L. g :._________JI : _Il | u
ZONING FLOOR PLAN OF THE PRODUCTION CENTRES AREAS (a.) IN THE BASE LAYOUT ﬂési’%ﬁ%ﬂm
LEGEND:
AREAS (a.):
a.1 -ADMINISTRATION / SALES AREA (56.79 m?) a.5 - PACKAGING / DISPATCH (46.97 m? + 73.82 m? = 120.79 m?)
a.2 -STAFF SUPPORT AREA (20.01 m?) a.6 D BYPRODUCTS (9896 m?) — (g2 - MATERIAL FOR
a3 |STOCK/STORAGE (217.57 m? +56.09 m? = 273,66 m’) a7[ | CIRCULATION (445.90 m?) REUSE (26.90 ')
a.4 PRODUCTION (283.36 m? . 2
[ ] ( ) ] UNUSED EXTERNAL AREA (5844 m?) |\ o oo
ET - EDGING TAPES DISPOSAL (72.06 m?)
__ _vj 15 AREAS OF PROCESSING MATERIAL (= 56.09 m?) TOTAL FLOOR SPACE = 1.299.47 m?
— 2
. | 12FLOOR OBSTRUCTION AREAS (= 39.45 m?) LAND AREA (47m x 30m) = 1.410.00 m?

~ @ CRITICALPOINTS (OBSTRUCTION / DISTANCE FROM PRODUCTION)

r 1
] 110 AREAS CONSIDERED UNDERUSED / WASTED (= 107.24 m?)

MACHINES AND EQUIPMENT:

A1and A2- AUTOMATIC HORIZONTAL WOOD
CUTTING PANEL SAW E1 and E2- AUTOMATIC EDGE GLUER H- MANUAL / ELECTRIC DRILLS

B- SLIDING TABLE (TECMATIC and USIKRAFT) I- BENCH-TYPE DRILLS
C- ROUTER F1 and F2- DUAL SAWDUST COLLECTOR J- SAWDUST COLLECTOR and EXTRACTOR (SILO)

D- BUSELLATO CNC MACHINING CENTRE G1/G2/G3/G4 - SAWDUST COLLECTOR K1 and K2- DUMPSTERS (4.59 m* each)





media/file11.jpg
@

=5

@






media/file6.png
Synthetic Flow Chart of Manufacturing and Assembly (SFCMA) (inputs, processes and outputs)

Inputs A) B) CiManufactaring | Outputs
Machines/equipment and Manufacturing of | Manufacturing of | of Producks
supplies L cabinets, shelves | drawers Waste
COMPONENts
1st Machines/Equipment MDFMDF MDFMDP MDFMDP Cut MDFMDP
Electrical energy Component cutting Comporent cutting Component cutting components
Devize gage Energy
MDEMDP Sawdust, wood
Curttingg disk shavings, MDF waste,
mylon tapes, cutting
disks
2nd Distance/time
3rd Machines/Equipment MDFMDFP MDE/MDP Processed MDF/MDF
Electrical energy processing proceing Eiergy
Device gauge Sawdust, wood
MDEMDP shavings, MDF waste,
nylon tapes
4fh stock for processing : h 4 ] VD | Time delays), oar
; H ohstruction
6th Machines/Equipment Autamatic and Automatic edge Automatic | edge Taped MDF/MDP
Flectric Energy marmsal edge ghuing | ghuing ghuing Eregy
Cut and marufactured MDF+Glue+Edging
MDF/MDF, edge tape, Eluq,l:-urw ;pe'l_;fdr_l. topET,
and solvent s, solvents,
packaging
Tth stock for assembly v ' v . Time/delay and foor
obstruction
8th Distance/time
: 4 4 L 4
Sth Machinery/equipment Drrill amd pre- Drill  and; pre- | Drill and assembly Finalized furniture
Electrical Energy assemibly assembly i E“"'E}‘_ _
uge Packaging, plastic,
Taped MOF/MDP. Accessories cardboard, sawdust
10¢h Diistance/time
‘l.lﬂ‘l.Pirl.isl'l.Edma;EIi.alszEk :. Time (delay), Hoor
VD Vv D Wil [T
12th Finalized fumiture Phl:ka_singﬂ_‘amﬂm‘_',r F‘nd:x_airw‘aumq Pﬂapnﬁfmmy Packaged fumiture
Electrical energy selection/dispatch selectionjdispatch selection/dispatch Energy
Bubble wrap, adhesive tape, i Bubble wrap, adhesive
13th Vehicle, fuel 'r & ‘ [istancetime
- Gases/combustions
14th Finalized /packaged X v Furniture deliversd
furmiture Assembly Hﬁﬁ Assembly alhl‘l:"lfl ;.:embli:i Eaﬁmﬂ': energy
E customers’ facilities oustomers” facilities Wers ging, plastic,
Portable machines handles at the bubble wrap, adhesive
- Process flow vlnlermndm'yfhdc .Tln'rn"wa.i‘t.fd.elay






