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Abstract

:

The transition to a circular economy shifts the focus onto reusing, renewing and recycling existing materials and products, considering waste as a resource. In this context, this article aims to describe the life cycle approach’s potential for the development of new building products from textile waste, one of the most environmentally impacting activities at a global level, both in relation to the processes that characterise the supply chain and in relation to pre- and post-consumption waste. This article outlines the research methodology adopted by the cluster “From textile waste to resource” of the Department of Architecture and Design, Politecnico di Torino, through the description of research projects carried out in partnership with Small and Medium Enterprises (SMEs). In particular, it highlights the methodological approach adopted in a “grave to cradle” logic, in which the waste from one process becomes a new resource for another. This article highlights some open issues related to the limits and potential of the use of the life cycle approach as a “tool” to compare different options in a preliminary experimental research phase, to verify the environmental impacts of new materials and products made from recycled materials, and to compare new options with similar solutions available on the market.
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1. Introduction


The transition to a circular economy represents one of the key actions of the European Union [1], which considers it a priority to invest in a linear model as an alternative to the current one, linked to “production-consumption-disposal”. The transition to a circular economy shifts the focus onto reusing, renewing and recycling existing materials and products, considering waste as a resource [2].



Supported by international policies, the circular economy can be a driver of innovation and an opportunity for numerous sectors, including construction. The data reported in the document published by the Italian Ministry of the Environment under the title “Towards a circular economy model for Italy” highlight the strategic importance of the construction industry in the development of an economy in which the sustainable use of resources and the use of waste become the keys to a new development model [3]. In this sense, Italy has introduced Minimum Environmental Criteria (CAM), public policy tools capable of promoting the use of products with recycled content and materials with a low environmental impact throughout their life cycle [4].



Legislative support and incentives for the development and use of products obtained from the recycling of secondary raw materials are leading to the dissemination of cooperative projects and good practices between companies, research organisations and start-ups specialising in the reuse and recycling of waste and secondary raw materials [5,6].



Waste, sometimes from sectors apparently distant from the building industry, can represent a strategic opportunity for the development not only of new products but also of new “circular” supply chains and processes of industrial symbiosis.




2. Background


The textile industry is the third most important manufacturing sector in Italy in economic terms. The fashion industry is considered to be a benchmark of excellence in Italy and Italian fashion revenues are remarkable [7]. However, at the same time, the textile system is one of the most environmentally impacting activities at a global level, both in relation to the processes that characterise the supply chain and in relation to pre- and post-consumption waste [8].



According to the SMI (Sistema Moda Italia) Textile and Fashion Federation, the textile sector produces 3.4 million tonnes of global greenhouse gas emissions annually, consumes 6–9 billion litres of water and uses 6 million tonnes of chemicals [9].



In relation to the waste produced, in the pre-consumption phase, 37.4% of non-hazardous manufacturing waste comes from textiles, clothing and the tanning industry [10]; according to the Boston Consulting Group Pulse of the fashion industry report (2017), by 2030 the sector’s waste production will have risen by 63%, and this increase in waste will be accompanied by an increase in CO2 emissions [11].



Tonnes of waste end up in landfills every year—waste that could be returned to a new production cycle with a view to circular economy and industrial symbiosis.



The textile sector is one of the key product value chains of the new circular economy action plan, which focuses on the sectors that use the most resources and where the potential for circularity is high. The key actions promoted include: “boosting the sorting, re-use and recycling of textiles, including through innovation, encouraging industrial applications and regulatory measures such as extended producer responsibility” [1].



Several international studies have applied the Life Cycle Assessment (LCA) methodology to the textile sector, highlighting environmental impacts and indicating strategies for their reduction. Within the scope of the strategies proposed, research has shown that great environmental savings can be achieved if solutions for recycling and reusing used clothing are adopted in the post-consumption phase, as this can prevent or minimise the production of new garments [12].



In this context, the concept of upcycling, meaning the process of transforming textile waste into resources for new products with greater economic and environmental value, is of particular interest. Textile waste has huge potential for reuse, as demonstrated by research and applications in many sectors, including the automotive and eco-design industries [13]. Recent applications have highlighted the potential for reuse in the construction sector, such as in the thermal and acoustic insulation of buildings [14].



The life cycle approach is still one of the main methodologies for product assessment and process planning, useful for the development of circular economy solutions and strategies. LCA is configured as a tool to compare different options in a preliminary experimental research phase, to verify the environmental impacts of new materials and products made from recycled materials and to compare new options with similar solutions available on the market. Moreover, the LCA method is a holistic approach that supports the assessment of environmental performance in the context of industrial symbiosis because it includes the entire supply chain: from the selection of solutions with the lowest environmental impact to the assessment of the industrial symbiosis pathways, with the aim of understanding the effective improvement of the environmental performance of the whole system.



Based on these considerations, this article aims to illustrate the potential of the life cycle approach for the development of new building products using textile waste.




3. Materials and Methods


3.1. The Activities of the “From Textile Waste to Resource” Cluster


“From textile waste to resource” is a cluster created by the TeAM (Tecnologia e Ambiente—Technology and Environment) group of the Department of Architecture and Design of Politecnico di Torino.



The aim of the cluster is to provide enterprises with proper skills in order to support technological innovation and the implementation of a recycling supply chain. The cluster also aims to test the opportunity to use such waste as secondary raw material for manufacturing environmentally friendly products to be used in the building and eco-design sectors. In recent years, it has taken part in a variety of experiences, including Ediltex, a research and training project which involved companies belonging to a territorial district in Tuscany historically dedicated to textile manufacturing, with the aim of identifying possible scenarios for the recycling of production waste [15]; TECA Panel (Textile Experimental Composite Acoustic), a project aimed at developing sound-absorbent panels for interior use, using textile waste [16]; and Not Too Bed, an experimental study on the post-consumption reuse of mattresses in combination with phase-changing materials for filling car seats [17].



Through the description of some projects carried out by the cluster in collaboration with Small and Medium Enterprises, the contribution highlights the methodological approach adopted, in a “grave to cradle” logic, in which waste from one process becomes a new resource for another, highlighting the limits and potential of the use of LCA as a tool for assessing the environmental impacts of new products.




3.2. The Methodological Approach of the Cluster to Research and Experimentation


The methodological approach used by the research group for the development of new products and circular scenarios is characterised by upcycling concepts and is based on the following macro-phases:




	
Development of environmental audits within companies, to identify types and quantities of production waste;



	
Study of data from international scientific literature and databases, aimed at identifying potential recycling applications for the manufacture of building products;



	
Mix design, experimentation and prototyping;



	
Verification of the results from the point of view of technological and environmental performance;



	
Identification of the actors and stakeholders of the supply chain (public and private) and proposals for new circular economy scenarios.








3.2.1. Environmental Audits


The environmental audit phase within the companies allows the study and knowledge of the production system, the identification of the processes that have the greatest impact and the assessment of the improvement actions that can be implemented.



For the initial acquisition of data, the TeAM group has developed a questionnaire as a tool for approaching and getting to know the companies involved in the projects, with the aim of characterising: the quantities of products, by-products and waste; production processes; machinery and equipment; methods of treatment and/or disposal of by-products and waste.



The questionnaire is divided into three macro topics, including a first part dedicated mainly to company data, followed by a second section dedicated to the type of industrial production and production volumes. The final part focuses on the production of waste, defining the type, quantity, production frequency and cost of disposal. The study of the production and waste management process, the definition of the input-output system of the production process and the outlining of the corresponding flow chart are carried out through inspections and interviews within the company. A graphic representation (Flow Chart) makes it easier to understand the production chain, by-products and waste.




3.2.2. Study of Data from Scientific Literature and Databases


To assess the potential reuse and recycling of waste materials and identify potential applications for the manufacture of building products, state of the art analyses are carried out using the main international scientific research platforms, such as Scopus, ResearchGate and Science-Direct. Once a research time frame has been defined and the main keywords have been selected, the scientific documentation extracted is catalogued in a database, subdivided by subject and type of article (review, experimental or argumentative); articles that document information considered relevant for the following phases of experimentation are then filed.



Further research is carried out in virtual material libraries dedicated to sustainable, recycled and recyclable materials, such as MATerial RECycling (www.matrec.com), Material Connexion (www.materialconnexion.com), and MATto (www.matto.design/it/home-page), along with a prior analysis of patents and utility models, using Orbit (www.orbit.com). This set of data is the basis for the mix design, experimentation and prototyping phases, as it gives us an understanding of the techniques, processes and potential of any previous experiences.




3.2.3. Mix design, Experimentation and Prototyping


The mix design and experimentation activities include an initial phase in which the materials are selected and characterised physically and chemically and of preliminary feasibility studies, functional to the production of specimens.



On the basis of the results obtained, prototypes are then created on which to test performance and assess the eco-compatibility of the production processes.



The research group is supported by the Politecnico di Torino Laboratories and particularly by the Innovative Technological Systems Laboratory (LaSTIn). The Laboratory is equipped to carry out tests on materials, components and systems, connected to both advanced research projects and performance certification activities in the energy and environmental fields (Figure 1).




3.2.4. Technological and Environmental Assessments


The specimens and/or prototypes produced are checked for mechanical resistance and thermal and acoustic performance in accordance with the applicable technical standards, based on the specific aim of the project.



Life Cycle Assessments (LCA) are carried out to assess environmental impacts, based on ISO 14040:2006 [18] and ISO 14044:2018 [19]. The analyses are carried out using specific software tools (e.g., Sima Pro, eTOOL, Open LCA) with direct data (provided by companies and/or collected through audits) and data gathered from previous studies (previous LCA, Environmental Product Declaration studies) and databases (Ecoinvent, ELCD). The use of the LCA methodology is an effective way to develop products and technical elements, from design to production and monitoring activities, through to the end of life. The following impact indicators are assessed: Embodied Energy (EE), i.e., the amount of energy used throughout the product’s entire life cycle, from production to disposal (MJ/kg); and Embodied Carbon (EC), i.e., the carbon footprint of a material, which considers how many greenhouse gases, expressed in carbon dioxide equivalent (kgCO2/kg), are released throughout its life cycle.




3.2.5. Supply Chain Scenarios


The last phase involves the design of specific circular supply chain scenarios for the companies involved. In general, the network stakeholders and the phases of the new process are identified. More specifically, the equipment needed to carry out waste collection and any packaging operations, the places used to store the material, the industrial processes for the transformation of the material and a forecast of costs and revenues for the creation of the circular scenario are identified.





3.3. Research and Experimentation Experiences


Two studies recently carried out by the TeAM group in accordance with the methodological approach illustrated in Section 3.2 are described below: the first, MAST (Mattone in Argilla con Scarti Tessili—Clay Brick from Textile Waste), is aimed at the integration of polyester fibres into clay bricks; the second, ReCash Plaster (Recycled Cashmere for Plaster), is aimed at the recycling of wool and cashmere fibres inside the plaster mixture. The studies were developed by the research group in collaboration with companies in the textile and construction sectors [20].



3.3.1. MAST


MAST (Mattone in Argilla con Scarti Tessili—Clay Brick from Textile Waste) is a pre-feasibility study aimed at exploiting pre-consumption textile waste within the brick production chain. The study was carried out taking as reference the territory of the Poirino Altopiano (Turin, Italy), the history of which is economically influenced by two industrial resources, fabric and clay. The fabric industrial resource is mainly linked to the city of Chieri, where fabric processing has its origins in the 13th century; even today there are still several established industries that produce excellent quality fabric, not only in Chieri, but also in neighbouring cities, such as Poirino. The clay industrial resource is mainly linked to the city of Cambiano, where historical references confirm the existence of a clay quarry already in the 18th century that was used to make tiles and bricks.



The textile company involved in the experimentation is FIDIVI Tessitura Vergnano of Poirino, which specialised in the production of single-material polyester technical fabric; the furnace is Fornace Carena of Cambiano, dating back to 1907. The present quarry is exactly the one that was opened by the founders of the furnace, which takes four different types of red clay, differing in grain size. The furnace is specialised in bricks for walls, for floors and internal partitioning.



During the audit phase, a sampling of textile waste such as selvedges, post-spinning waste, end-of-roll waste and panel cuttings, which differ in terms of the type of waste but all consist of a prevalence of polyester fibres, supplied by FIDIVI Tessitura Vergnano, was carried out. Post-spinning waste was chosen because, besides being entirely mono-material, it requires limited shredding operations and is better suited to incorporation into the clay mixture.



Scientific studies have made it possible to understand the state of the art and the development potential with regard to clay bricks. Some interesting experiments involving the use of textile waste inside clay bricks show that the incorporation of polyester waste fibres reduces the number of cracks that form during drying due to internal tensions [21], and that the use of shredded fabrics incorporated into the processing of a solid clay brick improves resistance to compression [22].



On the basis of this information, the experimental phase was aimed at verifying the mechanical and physical-technical performance of various mixtures of clay and textile waste.



The polyester threads were shredded into sizes between 2 mm and 7 mm. This process was carried out by hand. The shredded waste was used to make five mixtures with clay in the following waste to total concentrations: 0%, 1.5%, 3%, 4.5% and 6%. Eight specimens were mixed for each blend; each mixture with the five different percentages was mixed by a kneading machine that rotates the clay mixture to make it malleable. The specimens, which measured 120 × 60 × 30 mm, were dried and then traditionally fired at the Fornace Carena (Figure 2).



In the drying phase, the bricks are passed through a 70m long tunnel, in which the temperature is controlled in the different chambers at 60 °C. In this way, the water stored inside the clay is evaporated, drying the brick. After about 36 h the bricks leave the drying kiln and are moved to enter the firing kiln in a tunnel where 1050 °C is reached. The firing must be uniform and homogeneous; it is at this stage that the shredded polyester strands are probably completely burnt out, leaving empty pores, which could lead to a thermal improvement.



This was followed by testing for resistance to compression and the measurement of the density, giving the thermal conductivity value. The resistance to compression test and density measurements were carried out at Fornace Carena, who offered to use their quality control laboratory equipment. The thermal conductivity value was obtained from the UNI EN 1745 standard methods for determining thermal properties, through linear interpolation. The best results from the mechanical and thermal point of view were obtained with the mixture between 1.5% and 3%, as the polyester waste, which burns during firing, leaves pores that improve the thermal conductivity value without compromising mechanical performance.



Moreover, the relevance of the experimentation carried out with the Criteri Ambientali Minimi (CAM) for brick building components was positively assessed: the use of a certain percentage of textile waste in the processing of bricks complies with requirements, although this waste is no longer present in the finished product after firing.



In addition, a comparative LCA made it possible to assess the environmental performance of the new clay mixture compared to benchmark products available on the market.



At the end of the MAST research, it was possible to formulate three development scenarios for the industrial supply chain, each with its own strengths and weaknesses. In these cases, it is necessary to address one of the main nodes in the territory of the Poirino Altopiano: the way and location in which the waste can be shredded. In the first scenario, it is the textile company itself that takes care of the shredding of waste and its reintroduction to the market in different sectors. In the second scenario, the waste is transported and shredded at the furnace, where it is fed directly into the clay mixture. The third scenario involves the shredding of the waste by a recycling company interested in being part of the supply chain and located in the vicinity of the two companies.




3.3.2. ReCash


ReCash Plaster (Recycled Cashmere for Plaster) is a pre-feasibility study aimed at exploiting pre-consumption textile waste in plaster mortars. The study was carried out with the textile district of Biella as the reference point and involved a leading plaster manufacturer (Vimark srl, Peveragno, Cuneo, Italy). The district of Biella is recognized in the textile-clothing sector due to its production of wool, and it has been able to obtain a strong position at world level over the years. Even if it has known the diversification of the typical production of the industrial districts of textile-clothing over time, this type of production remains the characteristic one of this territory, thanks to particularly favourable conditions such as the presence of numerous watercourses, which are necessary for wool manufacturing.



Twenty of the textile companies in the district were mapped, the production processes were investigated and flow charts were developed to highlight the types and quantities of waste generated in the various phases.



The analysis of the companies in the area made it possible to identify three prevalent types of waste: dust and microfibres, selvedge and undercards. The most interesting were powders and microfibres, which represent a disposal cost for companies as they cannot be reprocessed (i.e., they cannot be returned to the production cycle and spun again), and they are the most suitable for the purposes of the experimentation. Scientific research documents significant experiments using textile waste in the form of powders and microfibres to improve the physical performance of mortars [23], and woollen fibres to strengthen cement [24].



Among the waste selected, the most interesting in terms of quantity, composition and size was wool and cashmere dust from Lanificio Fratelli Piacenza in Pollone (Biella, Italy). This waste takes the form of microfibres pressed into rectangular or cylindrical bales and is currently destined for landfill.



In the experimental phase, starting with a pre-mixed fibreglass plaster (based on cement and aerial lime) produced by the Vimark company, the glass fibres contained in the mixture (0.25 g/Kg) were replaced with different concentrations of textile waste. The tests were carried out with 0.25 g/kg, 5 g/kg and 7 g/kg of wool and cashmere dust, respectively. The percentages of fibres used for the preparation of the mixtures were the same as those used for Vimark lightened plasters, with the aim of verifying how much the textile fibre contributes to obtaining significant results (Figure 3).



Laboratory tests were carried out on different design mixes (in accordance with UNI EN 998-1 and UNI EN 1015) to verify the contribution of the textile fibre: these included tests on fresh mortar, for consistency or the percentage of water in the mix, and 28-day tests, for adhesion to the substrate, flexural and compressive strength. Comparing the final results with the fibreglass plasters currently produced in the factory, the tests carried out with 5 g/kg of textile waste showed a significant improvement in performance because adhesion to the substrate doubled and mechanical resistance to both bending and compression was considerably higher.



Moreover, a comparative LCA made it possible to assess the environmental performance of the new blend compared to benchmark products available on the market.



Based on the results of the research and experimentation activity, two possible supply chain scenarios were imagined for the networking of the company that produces the waste and the company that receives it. These scenarios revolve around the problem of storing, processing and transporting waste. The first scenario involves the plaster manufacturer, which would have to invest in a machine for the industrialised dispersion of the fibres in the mixture, which was carried out manually during the experimental phase. The second scenario involves the addition of an element to the supply chain between the company supplying the waste and the company producing the plasters: a third company capable of taking the waste and processing it for subsequent economic exploitation as a new resource. Each of these scenarios presents strengths and weaknesses that deserve to be discussed during the industrial development phase, but each scenario is formulated to foresee economic advantages for the parties involved. In an upcycling concept, some pre-consumption textile waste can be transformed from waste into a resource and included in a new “value chain” [20].






4. Results and Discussion


During the monitoring of the physical and technical performance, a study of the life cycle of the two products was carried out in order to understand the potential use of textile fibres for the manufacture of eco-products for the building industry and to compare the results with benchmark products available on the market.



The study of the life cycle of the two products, using the Life Cycle Assessment method [18], was carried out on 1 kg of finished product in order to quantify the main input flows (raw materials and secondary raw materials, by-products, energy resources, etc.), output flows (finished product, waste and emissions) and assess the environmental impact. The LCA analysis refers to the “cradle to gate” phase, i.e., from the extraction of raw materials to the company’s exit gate.



In this sense, the assessment was carried out using the Embodied Energy (EE) and Embodied Carbon (EC) parameters, as described in UNI EN 15978:2011 [25].



EE in particular, expressed in MJ, represents the amount of primary energy consumed by materials. The energy inputs were calculated for: the extraction and processing of raw materials and by-products, transport to the manufacturing company and the production processes of building materials. EC (kgCO2eq) represents the carbon equivalent emitted by the extraction, transport and production processes of materials and is comparable to the Global Warming Potential (GWP).



An LCA study was carried out on the best MAST blends containing post-production polyester fibres (1.5% and 3%). Direct and indirect data were used referring to Italy. The direct data were processed with the project partner company, while the indirect data were obtained from databases and bibliographies [26].



The EE and EC elaborations, related to the contribution from polyester textile waste, were calculated using data available in databases. However, the company from which the textile waste was taken did not provide information on the volumes of waste produced in relation to the production of the main product. In this sense, the mass allocation of polyester fibre impacts was elaborated using two scenarios. In the first case, the data were found in the Assosistema report [27], setting the allocation at 1.5%. In the second case, however, a worst-case scenario was chosen based on worldwide data for textile waste destined for landfill [28,29], setting the allocation of the impacts at 5%. Lastly, the results were compared with product data obtained through: databases (ICE - Inventory of Carbon and Energy), bibliographical sources [26] and EPD product certifications (EPD Italy).



Table 1 shows the results obtained from the LCA and the comparison with the products selected according to the same construction material category.



The comparison determined that the environmental impact of MAST prototypes is in line with the products and data found in databases. However, the results obtained highlighted a strong sensitivity to changes in the percentage of allocation of the impacts of polyester fibres. Furthermore, it will be necessary to industrialise the MAST prototypes in order to quantify the energy savings due to the combustion of polyester fibres within the brick firing processes.



At the same time, an LCA was carried out for ReCash plaster containing the highest percentage (5%) of post-production wool and cashmere microfibres (dust). This assessment was developed using the open LCA programme and the Australian database OzLCI2019. The choice of this database was due to the need for cashmere data that are not readily available in European databases. The direct data were collected by the Italian companies selected and contacted for research based on the type of production of the textile supply chain. The companies provided information on the quantity of waste in the form of dust produced per annum compared to the annual quantity of the main product (kg/year). On average, 2000 kg/year of suction dust was calculated on 10,000,000 kg/year of product (3,000,000 linear metres of fabric). In this sense, the allocation of the impacts of cashmere and wool microfibres was set at 0.02%.



Table 2 presents the results of the LCA carried out for ReCash plaster (5%) and the comparison with the results of other plasters taken from the database (fibreglass plaster with data from the OzLCI2019 database and general plaster with data from the ICE database of the University of Bath), bibliography [26] and EPD product certifications.



A comparison of the results showed that ReCash plaster has a similar, if not lesser, impact on the environment in some cases than the other plasters in the two parameters studied. This is largely due to the use of waste materials in its composition. However, in future research it will be necessary, if possible, to use an Italian or European database in order to obtain more precise results.



However, on the basis of the results obtained, it must be pointed out that the EE parameter of the two products analysed was determined on laboratory data and equipment. The transfer of processes from a laboratory to an industrial scale could reduce energy consumption. In fact, the policies on the strategic and sustainable use of energy adopted by the European Union [30], acknowledged by Italy through a National Plan for energy and climate [31], the strategies for the implementation of Industry 4.0 and the use of energy-efficient machinery and equipment allow us to assume a decrease in energy demand between 5% and 15% on an industrial scale [32]. In this sense, it will be necessary to extend the LCA assessment to an industrial scale in order to quantify the energy demand (EE) and the corresponding emissions (EC).




5. Conclusions


This contribution demonstrates how, using the Life Cycle approach as a design tool, it is possible to “design” not only new products but also new processes of circular economy. In addition to the specific results obtained in the individual studies or by their level of maturity and investigation, the methodology adopted was used transversally, at different moments in the design process (from the conception of solutions to the verification of environmental performance), with the ultimate aim of identifying ways to restore value to waste products through upcycling and imagining new perspectives of industrial symbiosis based on the principles of circular economy.



However, it is necessary to highlight some critical issues related to the LCA approach and tools to assess impacts. The LCA methodology envisages a level of articulation and complexity that requires specific expertise, the elaboration of a large amount of data and rather long implementation times, which are often incompatible with the ordinary design and production times of any construction product. Another aspect that contributes to limiting the potential for the application of the LCA methodology in the building industry is attributable to the “accessory” character that the players in the building process have assigned to it up to now, using it as a tool for environmental self-certification or, worse, for green-washing, maintaining the logic of off-site production of products according to the “end of pipe” approach (acting at the end of the cycle, downstream of the production process and treating pollution after it has been produced).



Despite currently being one of the most widely used environmental assessment methods, it should be noted that the LCA does not allow the quantification of certain strategies that characterise the circular economy in construction, such as “design for disassembling” (a design approach aimed at increasing the second life of building elements and components), which could reduce the value of Embodied Energy and Embodied Carbon to be attributed to elements and components. Therefore, the LCA methodology should be characterised in the future by circularity indicators complementary to those currently in use.



However, the research and experimentation activities carried out in collaboration with Small and Medium Enterprises (SMEs) document a growing interest in these issues, not only from the academic world but also from manufacturing. Overall, the results show that new virtuous processes can be implemented according to a systemic approach that connects sectors that are only apparently distant from each other, such as textile production and construction.



However, for the transition from a laboratory to an industrial scale, important issues related to industrial symbiosis among companies will have to be considered. It will be necessary to verify the business strategy implications of a new “sharing economy” and analyse the barriers and opportunities related to the transition from a linear model to a circular one. On the one hand, the technical feasibility will have to be analysed in terms of the material resources (e.g., equipment and spaces) and immaterial resources needed (e.g., technical skills); on the other hand, the economic viability will have to be assessed and the advantages/disadvantages for the companies defined.



The transition path towards a circular economy might not be easy for companies, such as SMEs, which have poor R&D and financial resources, but the collaboration with universities and the possibility to access European and national funding could successfully support this process in the near future.
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Figure 1. Experimental activities at the LaSTIn laboratory (Politecnico di Torino) on different materials, for example: (a) manufacture of a concrete and hazelnut shell specimen; (b) manufacture of specimens using rice husks and natural adhesives; (c) shaping of specimens using hemp and biochar; (d) compression test of a concrete and natural fibre specimen; (e) weighing and mixing of agri-food waste; (f) flexure test of a plaster specimen using textile waste. 
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Figure 2. MAST (Mattone in Argilla con Scarti Tessili—Clay Brick from Textile Waste): from textile waste to experimental specimens. On the left, shredded polyester threads; on the right, clay bricks obtained with different percentages of polyester waste. 
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Figure 3. ReCash Plaster (Recycled Cashmere for Plaster): from textile waste to experimental specimens. On the left, wool and cashmere dust; on the right, pre-mixed plaster obtained by replacing glass fibres with textile waste. 
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Table 1. Results obtained from the Life Cycle Assessment (LCA) and the comparison with the products selected.
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	Parameter
	MAST 1,5

(1.5–5%)
	MAST 3

(1.5–5%)
	General Brick

ICE Database
	General Brick

[26]
	Stabiliza2 srl Brick

(EPD ITALY)





	EE (MJ/kg)
	1.86–2.12
	1.94–2.45
	3
	1.93
	1.16



	EC (kgCO2eq)
	0.13–0.14
	0.12–0.13
	0.24
	0.14
	0.052
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Table 2. Results of the LCA carried out for ReCash plaster (5%) and the comparison with the results of other plasters.
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	Parameter
	ReCash 5

(0.02%)
	Plaster with Glass Fibres

OzLCI2019 Database
	General Plaster ICE Database
	General Plaster

[26]
	Gypsum Based Plaster (EPD Environdec)





	EE (MJ/kg)
	1.25
	8.9
	1.8
	2.40–6.42
	3.195



	EC (kgCO2eq)
	0.136
	0.91
	0.12
	0.41–1.17
	0.151
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