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Summary 

It is widely acknowledged that the furniture production and consumption system have a significant 

environmental impact and is one of the key sectors for improving sustainability. However, there is a lack of 

comprehensive, scientifically based, furniture-specific knowledge base and know-how, including a theoretical 

framework, approaches, guidelines, methods, and tools to guide the furniture industry toward sustainability. A 

growing international scientific community is working to fill the gap. This Ph.D. research is framed into this 

research area, focusing on product eco-design (or better Life Cycle Design (LCD)) and Sustainable Product-

Service System Design (S.PSSD). The LeNS network1, which connects nearly 150 design Universities 

distributed worldwide, is the primary scientific community for reference. The research aims to develop a 

furniture-specific knowledge base and know-how to support the diffusion of Sustainable Furniture System 

Design (SFSD).  

Introduction (Chapter 1-2) 

Sustainable development refers to systemic conditions where, on a planetary and regional level, both 

social and productive development takes place (i) respecting the limits of environmental resilience, i.e., within 

its capacity to absorb the effects of human impact without causing any irreversible degradation; (ii) without 

compromising the ability of future generations to meet their own needs, i.e., preserving resources, or natural 

capital, which will be passed on to future generations; (iii) on the grounds of equal redistribution of resources 

following the principle that everyone has the same rights to environmental space, i.e. the same access to global 

natural resources (Vezzoli, Conti, et al., 2022). The 2030 Agenda for Sustainable Development announced 17 

Sustainable Development Goals (SDGs) as a shared blueprint for sustainability in three dimensions- economic 

prosperity, social equity and inclusion, and environmental protection (United Nations, 2015). However, much 

evidence indicates that our current growth is incompatible with these SDGs considering the environmental 

aspects. 

Overproduction and overconsumption on the system level, as well as the heavy environmental impacts 

of a single piece of furniture on the product level, are among the environmental challenges for the furniture 

sector. According to the estimation of Centre for Industrial Study (CSIL), On a global scale, the furniture 

industry has doubled its volume from 2000 to 2021, reaching a worldwide volume of about $500 billion, which 

 
1 Learning Network on Sustainability, is an international open and multipolar network to diffuse Design for Sustainability. 



 

is seeing an increase in the next year (CSIL, 2021), resulting in significant resource consumption, harmful 

emissions, and waste generation. For example, each year, 10.5 million tons of furniture are produced, and 10 

million tons of furniture waste are generated, accounting for more than 4% of municipal solid waste in the 

European Union (Forrest et al., 2017). These impacts, among others, could also be seen throughout the 

furniture's life cycle, during pre-production, production, distribution, use, and disposal (González-García et al., 

2019).  As a result, furniture has recently been identified as one of the key sectors that should be addressed and 

improved to achieve more sustainable development (European Commission, 2020).  

The design was recognized as a significant area in the transition to more responsible and sustainable 

production and consumption models (Bhamra & Hernandez, 2021). To be specific, more than 80% of a 

product’s environmental impact is determined at the design stage (Design Council, 2022; European 

Commission, 2020), it is necessary to change the way we think about products, processes, or services from the 

earliest stages of design (Barbero & Ferrulli, 2023). Actually, The focus of Design for Sustainability has 

expanded the level of innovation from low-impact material and energy selection to product design2, to Product-

Service System design3, to Spatio-Social innovation4, and more recently to socio-technical systems innovation5 

(Ceschin & Gaziulusoy, 2019). On the other hand, DfS has expanded its scope from the environmental 

dimension of sustainability to the economic one to the socio-ethical one6 (L. I. Chaves, 2018; Vezzoli, Conti, et 

al., 2022). Referring to the Design for Sustainability (DfS) framework, this research places its emphasis on the 

environmental and economic dimensions of sustainability. It addresses these dimensions at two crucial levels: 

the furniture product level, which includes aspects such as Life Cycle Design (LCD) (or eco-design7), and the 

innovation level involving furniture Product-Service Systems (Sustainable Product-Service System, S.PSS). It is 

 
2 The product innovation level focuses on improving existing products or developing new products by considering the whole 

product life cycle, from material extraction to disposal (Ceschin & Gaziulusoy, 2019). 

3 The product-service system innovation level focus goes beyond individual products towards integrated combinations of 

products, services, stakeholder value chains, and business models (Ceschin & Gaziulusoy, 2019). 

4 The spatio-social innovation level innovates on human settlements and the spatio-social conditions of their communities; 

this can be addressed on different scales, ranging from neighborhoods to cities (Ceschin & Gaziulusoy, 2019). 

5 The socio-technical system innovation level encompasses design interventions that focus on promoting radical changes in 

how societal needs (such as nutrition and mobility) are fulfilled and thus focus on supporting transitions to new socio-

technical systems (Ceschin & Gaziulusoy, 2019). 

6 Social equity and inclusion dimension focuses on social equity and cohesion, see Chapter 2.1 for a deeper description. 

7 Product eco-design or Life Cycle Design have the same meanings and implications, and in this research, the LCD 

terminology is used. 



 

important to note that both levels exhibit a noticeable knowledge gap that calls for comprehensive and 

scientifically grounded insights to enrich the design context.  

LCD approaches innovate at the product level, using a Life cycle approach and a functional approach 

(Hemel, 1997; Giudice et al., 2006; Keoleian & Menerey, 1993; Pigosso et al., 2015; Tischner, 2001; Vezzoli, 

2018a). Sustainable Product-Service System Design (S.PSSD) approaches innovate at the system level 

regarding the offering/business model, which is frequently modeled after the satisfaction system, stakeholder 

configuration, and system sustainability approaches (UNEP & Delft University of Technology, 2017; Van Halen 

et al., 2006; Vezzoli et al., 2015). According to findings from the literature review, the furniture industry is 

currently focusing on single-indicator innovation, such as reducing material content (Ika Rinawati et al., 2018) 

and selecting resources with lower environmental impacts (Iritani et al., 2015), which are insufficient. Although 

some furniture product LCD strategies have been proposed (Krystofik et al., 2018), there is a lack of 

comprehensive furniture-specific approaches, strategies, and guidelines. Furthermore, little research provides 

solutions to the trade-offs among different LCD strategies, i.e., furniture-specific LCD strategy priorities.  

Regarding furniture S.PSSD, a limited number of studies focus on either environmental sustainability 

or economic prosperity, with no considerations for win-win economic and environmental benefits (Park et al., 

2016). Knowledge base and know-how are required to generate sustainable win-win furniture S.PSS solutions. 

In conclusion, the critical importance of design and the emphasis on complementary products and Product-

Service Systems innovation are duly recognized. Nevertheless, the established knowledge base and practical 

know-how of Design for Sustainability (DfS) as applied to the furniture sector remain relatively limited at this 

time.  

On the other side, furniture refers to a broad set of products used daily in both domestic and non-

domestic spaces for functions such as storage, hanging, supporting, lying, sitting, working, and eating (Cordella 

& Hidalgo, 2016). The scope of this research focuses on office and household furniture because they account for 

more than 60% of furniture production (Renda et al., 2014), and they are the primary focus of interdisciplinary 

fields such as furniture and environmental science, as well as furniture and design for sustainability.  

Furthermore, the study has evidenced (through a series of Life Cycle Assessment studies, chapter 5.1) 

that these two subcategories of furniture have similar life cycle environmental performance. Thus, similar 

approaches to improve sustainability could be used. Second, the boundary between office and household 

furniture is vanishing in use contexts as modern organizations increasingly rely on engaging work environments 

that blur the lines between home and office to boost employees’ motivation and productivity (Leclercq-



 

Vandelannoitte, 2021). As a result, the application contexts for these two types of furniture are becoming and 

have been evaluated as more comparable.  

Research questions (Chapter 3) 

According to the former considerations, the main research questions for this research are: 

RQ1: What are the framework and characteristics of environmentally Sustainable Furniture Systems? 

RQ1.1 What are the innovation requirements and characteristics of environmentally sustainable 

furniture products (product level)? 

RQ1.2 What are the characteristics of environmentally and economically sustainable win-win furniture 

Product-Service Systems (PSS level)? 

RQ2: What new knowledge is needed to design environmentally Sustainable Furniture Systems? 

RQ2.1 What new competencies, skills, methods, and tools are needed for environmentally sustainable 

furniture Life Cycle Design (product level)? 

RQ2.2 What new competencies, skills, methods, and tools are needed for environmentally Sustainable 

furniture Product-Service System Design (PSS level)?  

Methods (Chapter 4) 

This research aligns with the constructivism paradigm, which posits the existence of a tangible reality 

encompassing sustainable furniture systems, comprising both furniture products and Product-Service Systems. 

The researcher actively collaborated with other experts from the sustainable furniture community to collectively 

construct a deeper understanding of the nature of sustainable furniture systems. This collaborative effort aimed 

to facilitate the practical application of these insights within the furniture sector. The interactions between 

researchers, designers, and the furniture system itself play a pivotal role in this constructive process. It's 

important to note that the LeNS Network serves as the primary scientific community of reference in this 

endeavor. 

This Ph.D. research primarily adopted a qualitative research approach, employing a flexible design 

strategy and an inductive approach. It's worth noting that a small portion of this research utilized a mixed 

strategy. Given the complexity of the research and the variety of strategies, approaches, and planned activities, a 

Design-Based Research (DBR) methodology framework was chosen to guide the entire process. DBR consists 

of four primary stages (Barab & Squire, 2004; Brown, 1992; Collins, 1992; F. Wang & Hannafin, 2005): (1) 

Analysis of practical problems, (2) development of solutions informed by existing design principles, (3) iterative 



 

cycles of testing and refinement of solutions in practice, and (4) reflection to produce design principles and 

enhance solution implementation (Herrington et al., 2007; Reeves et al., 2005). It's worth mentioning that some 

researchers followed a three-stage research process involving preliminary research, prototyping and assessment, 

and reflection  (Ceschin, 2012; Diehl, 2010). These two research processes essentially align, with the latter 

combining the steps of prototyping and assessment while the former keeps them separate. 

Research stage I: Analysis of practical problems_preliminary research (Chapter 1-2, 

Chapter 5-6) 

The initial phase of the design-based research process encompasses fundamental tasks such as problem 

identification, conducting a comprehensive literature survey, and defining the research problem (Bannan-

Ritland, 2003). In this research, the initial stage entailed a comprehensive exploration surrounding design for 

sustainable furniture systems. This exploration encompassed various aspects, including an examination of the 

environmental issues stemming from the furniture system (from furniture products and Product-Service 

Systems) and the general knowledge base and know-how related to design for sustainability. Building on the 

foundational understanding acquired, the research proceeded to identify specific research problems, gaps in 

existing knowledge, and overarching research goals (Chapter 1-2). 

In the second step of the research process, further investigation was conducted to address Research 

Question 1 (Chapter 5-6): a qualitative research strategy was employed, complemented by one research activity 

utilizing a quantitative strategy. This stage embraced an inductive approach. The activities undertaken to address 

RQ 1 were as follows. 

Exploring aspects including the innovations and characteristics of environmentally sustainable furniture 

products (addressing Research Question 1.1): Reviewing the literature on furniture life cycle activities and other 

researcher’s Life Cycle Assessment (LCA) on furniture, assessing the environmental impact of 25 pieces of 

furniture through a comprehensive LCA in the study, analyzing best practices, conducting semi-structured 

interviews, all with the goal of constructing a furniture life cycle profile and identifying sustainability-oriented 

interventions and characteristics. The design insights gained in this phase were employed in the subsequent 

stage to formulate furniture-specific Life Cycle Design (LCD) guidelines (Chapter 7.1). The detailed life cycle 

data served to establish priorities for furniture LCD strategies (Chapter 7.1) and as a comprehensive database for 

furniture designers. (Chapter 5) 

Furthermore, the investigation delved into the attributes of economically viable and environmentally 

sustainable furniture Product-Service Systems (addressing Research Question 1.2). This involved a 



 

comprehensive review of literature, analysis of best practices, and conducting semi-structured interviews with 

the objective of identifying characteristics of furniture S.PSS (classification, definition, key elements, and 

features). This process resulted in the creation of a furniture system profile and the development of an 

archetypal furniture S.PSS map. Subsequently, these furniture S.PSS characteristics were utilized in the 

subsequent stage to formulate furniture-specific S.PSSD guidelines in Chapter 7.2. (Chapter 6) 

Concluding this stage, the conceptual framework for the Sustainable Furniture System was developed, 

taking into consideration the characteristics of S.PSS furniture offerings. Additionally, the framework 

acknowledges the mutually beneficial economic and environmental advantages of Furniture S.PSS in facilitating 

furniture Life Cycle Design (LCD). 

Research stage II: Development of solutions informed by existing principles 

_prototyping (Chapter 7-8) 

The second phase of design-based research involved developing solutions to the problems identified in 

the first research stage. Theory plays a crucial role in informing practical design guidelines. Design-based 

research advocates for a pragmatic philosophical foundation, where the value of a theory is measured by its 

capacity to bring about changes in the real world (Barab & Squire, 2004).  

In this stage, the new role of design in shaping environmentally sustainable furniture systems at both 

the product and Sustainable Product-service System (S.PSS) levels was defined. The framework developed in 

the first phase has served as a guide for conducting the second stage of the research, aimed at addressing 

Research Question 2 (RQ 2). To answer RQ 2, a qualitative strategy was employed, adopting a mixed inductive 

approach. 

To address Research Question 2, building upon the design insights and sustainable characteristics 

identified in Research Question 1, preliminary guidelines for sustainable furniture system design were 

developed. This process involved integrating experts' knowledge in furniture design and design for sustainability 

through two workshops, employing a consolidated method (see Figure 8). Subsequently, these guidelines were 

evaluated by experts for comprehensibility and practical utility. This iterative process facilitated the creation of 

comprehensive sustainable furniture-specific design guidelines at both the product and Product-Service System 

(PSS) levels, encompassing three levels of detail: strategy, sub-strategy, and guideline. 

At the same time, drawing on these design guidelines, a series of furniture-specific sustainable design 

tools were created and evaluated through workshops, focus groups, interviews, and questionnaires, employing a 

deductive-inductive approach. The evaluation process is detailed in the next paragraph. 



 

Research stage III: Iterative cycles of testing and refinement of solutions in practice 

_assessing (Chapter 9) 

This research stage was dedicated to iterative processes of empirically applying, evaluating, updating, 

and redesigning/improving the furniture-specific design method and tools. The primary goal of this stage was to 

validate the developed knowledge base and know-how for their comprehensibility, usability, and effectiveness 

(success). The main methods employed during this stage include a workshop, a focus group, interviews, and 

questionnaires. 

Three strategies were employed to validate the sustainable furniture system design tools: The first 

strategy involved the implementation and evaluation of these tools in real projects. These tools underwent 

validation within the GIOTTO project8, with peer feedback providing valuable insights. The second strategy 

included the implementation and assessment of the approach in a design workshop, a focus group, and 

interviews with (young) furniture designers and/or experts in design for sustainability. The sustainable furniture 

system design tools were applied and evaluated by 30 master's students (young designers) in furniture design 

during a workshop. The third strategy was centered on engaging furniture designers, experts, and practitioners in 

the fields of design for sustainability and furniture design to assess the potential of these tools. This involved 

interviews with a total of 19 furniture designers, experts, and professors with a background in furniture design 

for sustainability from the LeNS Network. Lastly, a questionnaire was distributed to 21 LeNS Network 

members for the final evaluation of these tools. After each evaluation activity, these tools were refined or 

improved. 

Participants were selected based on specific criteria: 1) their involvement in sustainable furniture-

related projects; 2) their affiliation with furniture design institutions/studios or their experience in furniture 

design or other product design; 3) their association with the LeNS network and focus on design for sustainability 

and/or furniture design. The continuous application and evaluation of these tools resulted in continual 

improvement. 

 
8 "The Circular Economy for the Competitiveness of the Made in Italy Industry - GIOTTO." This project, conducted in 

collaboration with eleven national organizations and funded by the Italian Ministry of Education and Research (MIUR), 

sought to develop and disseminate innovative design guidelines and tools, to foster a sustainable and circular economy 

within the competitive value chains of the Made in Italy industries, including furniture, food, and fashion. Through a 

multidisciplinary and collaborative research consortium, GIOTTO empowered small and medium enterprises with 

innovative approaches to minimize the environmental impact of their products across their entire life cycle. 



 

Research stage IV: reflection to produce design principles and enhance solution 

implementation (Chapter 10) 

The objective of this research stage was to conduct a retrospective analysis of the entire study, with a 

particular focus on the research outcomes and the research methodology employed. This stage led to the 

following outcomes: 

• Specification of the primary contributions made to both theory and practice. 

• Identification and discussion of research limitations. 

• Reflection on the potential generalizability of the results. 

• Formulation of recommendations for future research and practice. 

Leveraging the knowledge base and know-how developed within this research, I am currently in the 

process of creating an open-access course (comprising videos, slides, and textual content) and an open-access 

book to disseminate this valuable knowledge base and know-how. The overall aim is to share the knowledge 

base and know-how on Sustainable Furniture System design with an open-access approach. 

 

  



 

List of Tables 

Table 1 The world furniture production value (year 2000-2021) (CSIL, 2021). ..................... 24 

Table 2 The consumption footprint per capita of household products from year 2018 to 2021, 

data from the Consumption Footprint Platform, data from (European Commission, 2023) ... 26 

Table 3 The consumption footprint per capita of products, data from the Consumption 

Footprint Platform, data from (European Commission, 2023) ................................................ 26 

Table 4 The existing tool applicable to furniture product Life Cycle Design and the gaps .... 73 

Table 5 The existing tools for /applicable to furniture S.PSS design and the gaps ................. 73 

Table 6 Research questions and objectives .............................................................................. 81 

Table 7 Research strategies, approaches, activities, purpose to address research question 

within this PhD research. ......................................................................................................... 85 

Table 8 The inventory data for task chair 1.1 ........................................................................ 121 

Table 9 The overall environmental impacts comparison of 25 cases .................................... 123 

Table 10 The cross-comparison of the environmental impact and weight of 25 cases ......... 123 

Table 11 The environmental impact of 25 cases along the life cycle (unit: mpt) .................. 124 

Table 12 Environmental impact of 25 pieces of furniture in 5 life cycle stages (unit: %) .... 124 

Table 13 The overall environmental impact comparison of 3 task chairs (single score, EF 

method) .................................................................................................................................. 126 

Table 14 The environmental impact comparison for each life cycle stage of 3 task chairs 

(single score, EF method). ..................................................................................................... 126 

Table 15 The environmental impact comparison for Task Chair 1.3’s each life cycle stage 

(single score, EF method) ...................................................................................................... 128 

Table 16 The environmental impact comparison for Task chair 1.3’s pre-production stage 

(single score, EF method) ...................................................................................................... 129 

Table 17 The environmental impact of main materials in furniture production per 1 Kg 

(single score, EF 3.1 method). ............................................................................................... 132 

Table 18 The environmental impact comparison for Task Chair 1.3’s Production stage (single 

score, EF method) .................................................................................................................. 133 

Table 19 The environmental impact comparison for Task Chair 1.3’s distribution stage 

(single score, EF method). ..................................................................................................... 134 

Table 20 The environmental impact of four different means of transportation (weight: 1000 

kg, distance: 1000 km) ........................................................................................................... 135 



 

Table 21 The environmental impact comparison for Task Chair 1.1’s use stage (single score, 

EF method)............................................................................................................................. 135 

Table 22 The environmental impact comparison for Task Chair 1.3’s end-of-life stage (single 

score, EF method) .................................................................................................................. 136 

Table 23 Design approaches for 'Furniture Use Extension', implemented by furniture 

companies and designers within the 41 furniture product cases analyzed ............................. 142 

Table 24 Design approaches for ‘Reduce the energy consumption of the furniture system', 

implemented by furniture companies and designers within the 41 furniture product cases 

analyzed ................................................................................................................................. 143 

Table 25 Design approaches for ‘Furniture materials life extension’, implemented by 

furniture companies and designers within the 41 furniture product cases analyzed .............. 144 

Table 26 Design approaches for ‘Resources conservation/biocompatibility for furniture’, 

implemented by furniture companies and designers within the 41 furniture product cases 

analyzed ................................................................................................................................. 145 

Table 27 Design approaches for ‘Reduce material consumption of furniture system', 

implemented by furniture companies and designers within the 41 furniture product cases 

analyzed ................................................................................................................................. 145 

Table 28 Design approaches for ‘Reduce toxicity of the furniture system’, implemented by 

furniture companies and designers within the 41 furniture product cases analyzed .............. 146 

Table 29 Sampling of investigated companies/design studios .............................................. 152 

Table 30 The application of LCD tool among interviewed companies ................................. 159 

Table 31 The general LCD strategies (Vezzoli, 2018a), and the furniture-specific LCD 

strategies ................................................................................................................................ 162 

Table 32 The application of S.PSSD types, achieved win-win benefits and methods among 

interviewed companies ........................................................................................................... 186 

Table 33 The numerosity of service types within the 44 furniture S.PSS cases analyzed ... 189 

Table 34 The numerosity of business types within the 44 furniture S.PSS cases analyzed. 190 

Table 35 The comparison among 3 types of S.PSS for furniture .......................................... 192 

Table 36 The numerosity of sustainable benefits within the 44 furniture S.PSS cases 

analyzed ................................................................................................................................. 194 

Table 37 An example of developing furniture specific guidelines from general ones .......... 227 

Table 38 The Method for Sustainable Furniture Product Design aims, steps, and tools. ...... 269 

Table 39 The Method for Sustainable Furniture PSSD aims, steps, and tools. ..................... 270 



 

Table 40 New ideas generated by furniture designers in the workshop ................................ 319 

Table 41 Questionnaires' results from the workshop at Poli Design ..................................... 322 

Table 42 Questionnaire results from 21 LeNs members_ICSxFurniture toolkit ................... 342 

Table 43 Questionnaire results from 21 LeNs members_SDOxFurniture toolkit ................. 344 

Table 44 Questionnaire results from 21 LeNs members_Innovation diagram ...................... 345 

Table 45 The research questions, objectives and relevant chapters ....................................... 351 

  



 

List of Figures  

Figure 1 The rationale to design a sustainable furniture system (Joint Research Center of the European 

Commission, 2023). ....................................................................................................................... 40 

Figure 2 The number of earth we need if we live in the current way (left); Earth Overshoot Days in 

some countries (right) (Global Footprint Network, 2023) ............................................................. 43 

Figure 3 The MPDS method phases, processes and objectives (Vezzoli, 2018a) ......................... 69 

Figure 4 The MSDS method phases, processes and objectives (Vezzoli et al., 2021b)................. 70 

Figure 5 Classification of DfS tools, image adapted from (Charter & Tischner, 2001; Vezzoli, 2018a) 

and with new findings within this study ........................................................................................ 72 

Figure 6 The potential of design for promoting sustainable furniture system development .......... 75 

Figure 7 The rationale of design intervention on both product and Product-Service System levels  

(European Commission, 2020) ...................................................................................................... 76 

Figure 8 The scope of the research ................................................................................................ 77 

Figure 9 Design-based research methodology process  (Herrington et al., 2007; Reeves et al., 2005)

 ....................................................................................................................................................... 87 

Figure 10 Design-based research methodology process (Ceschin, 2012; Diehl, 2010) ................. 87 

Figure 11 Prior knowledge and steps to develop furniture-specific product LCD and S.PSSD 

strategies/sub-strategies/guidelines, adapted from (L. I. Chaves, 2008; Vezzoli & Sciama, 2006)97 

Figure 12 Research questions, objectives, activities and sections within this PhD research ....... 104 

Figure 13 25 pieces of furniture assessed in this study ................................................................ 110 

Figure 14 The particle board production processes ..................................................................... 112 

Figure 15 The aluminum production processes, adapted from (International Aluminium Institute, 

2003) ............................................................................................................................................ 113 

Figure 16 The steel production processes, adapted from (Burchart-Korol, 2013; Olmez et al., 2016; 

Tongpool et al., 2010) .................................................................................................................. 113 

Figure 17 The textile production processes, adapted from (Babu et al., 2007) ........................... 113 

Figure 18 The leather production processes, adapted from (Joseph & Nithya, 2009; Navarro, 2020; 

Notarnicola et al., 2011) ............................................................................................................... 114 

Figure 19 The particleboard-made furniture production process, field investigation in Suofeiya Home, 

China. ........................................................................................................................................... 115 

Figure 20 The metal-made furniture production process, adapted from Desk research on PBZ 

manufacturing - a metal manufacturer. https://www.pbzmfg.com/ ............................................. 115 

Figure 21 The plastic-made furniture production processes, Adapted from (Harding et al., 2007; Khoo 

et al., 2010) .................................................................................................................................. 115 

Figure 22 The system boundary of a general furniture product ................................................... 116 



 

Figure 23 A muti-material seat and a cardboard seat ................................................................... 118 

Figure 24 A case card of a sustainable furniture product with Life Cycle Design consideration 147 

Figure 25 A case card of a sustainable furniture product with single design indicator ............... 148 

Figure 26 The interview with Gispen .......................................................................................... 154 

Figure 27 An overall understanding of the characteristics of environmentally sustainable furniture 

products ........................................................................................................................................ 165 

Figure 28 The win-win benefits of S.PSS for furniture (furniture life extension) ....................... 170 

Figure 29 The win-win benefits of S.PSS for furniture (furniture use intensification) ................ 170 

Figure 30 The win-win benefits of S.PSS for furniture (material life extension) ........................ 171 

Figure 31 The win-win benefits of S.PSS for furniture (resource consumption minimization) .. 172 

Figure 32 The win-win benefits of S.PSS for furniture (resources renewability/ biocompatibility)173 

Figure 33 Case study format ........................................................................................................ 179 

Figure 34 Stakeholders interaction for Gispen case (system map) .............................................. 184 

Figure 35 The characteristics of furniture S.PSS in comparison to furniture traditional offerings193 

Figure 36 Furniture S.PSS facilitates environmental benefits (furniture Life Cycle Design) ..... 195 

Figure 37 6 furniture application contexts ................................................................................... 198 

Figure 38 The classification system of furniture S.PSS ............................................................... 200 

Figure 39 The position of cases on the developed furniture S.PSS classification system and clusters.

 ..................................................................................................................................................... 201 

Figure 40 The archetypal furniture S.PSS classification system_20 archetypal models ............. 202 

Figure 41 Furniture S.PSS archetypal model 1: Selling household furniture with some enabling 

services ......................................................................................................................................... 204 

Figure 42 Furniture S.PSS archetypal model 2: Selling household furniture with additional service(s)

 ..................................................................................................................................................... 204 

Figure 43 Furniture S.PSS archetypal model 3: Offering ownerless household furniture with enabling 

services ......................................................................................................................................... 205 

Figure 44 Furniture S.PSS archetypal model 4: Offering ownerless household furniture with all-

inclusive services for home living ............................................................................................... 206 

Figure 45 Furniture S.PSS archetypal model 5: Selling office furniture with enabling services for 

home-working .............................................................................................................................. 206 

Figure 46 Furniture S.PSS archetypal model 6: Selling office furniture with additional service(s).207 

Figure 47 Furniture S.PSS archetypal model 7: Offering ownerless office furniture with enabling 

service .......................................................................................................................................... 208 

Figure 48 Furniture S.PSS archetypal model 8: Offering ownerless office furniture with all-inclusive 

services for home-working .......................................................................................................... 208 

Figure 49 Furniture S.PSS archetypal model 9: Offering ownerless household furniture with enabling 

service for temporary use in co-living spaces .............................................................................. 209 



 

Figure 50 Furniture S.PSS archetypal model 10: Offering ownerless household furniture with all-

inclusive services for shared use in co-living space ..................................................................... 209 

Figure 51 Furniture S.PSS archetypal model 11: Offering ownerless household furniture with all-

inclusive services for individual use in co-living space ............................................................... 210 

Figure 52 Furniture S.PSS archetypal model 12: Offering ownerless household furniture with all-

inclusive services for personally use in co-living space .............................................................. 210 

Figure 53 Furniture S.PSS archetypal model 13: Offering ownerless office furniture with all-inclusive 

service for shared use in co-working hubs ................................................................................... 211 

Figure 54 Furniture S.PSS archetypal model 14: Offering ownerless office furniture with all-inclusive 

service for exclusive use in co-working space ............................................................................. 211 

Figure 55 Furniture S.PSS archetypal model 15: Selling furniture (office & hotel) with enabling 

services for business use .............................................................................................................. 212 

Figure 56 Furniture S.PSS archetypal model 16: Selling furniture (office & hotel) with additional 

services for business use .............................................................................................................. 212 

Figure 57 Furniture S.PSS archetypal model 17: Offering ownerless hotel furniture with enabling 

service for long-term use in large hotels ...................................................................................... 213 

Figure 58 Furniture S.PSS archetypal model 18: Offering ownerless hotel furniture with all-inclusive 

service for long-term use in large hotels ...................................................................................... 213 

Figure 59 Furniture S.PSS archetypal model 19: Offering ownerless office furniture with enabling 

service for long-term use in large office space ............................................................................ 214 

Figure 60 Furniture S.PSS archetypal model 20: Offering ownerless office furniture with all-inclusive 

service for long-term use in large office spaces ........................................................................... 214 

Figure 61 The conceptual framework of furniture S.PSS. ........................................................... 216 

Figure 62 Prior knowledge and steps to develop furniture-specific product LCD and S.PSSD 

strategies/sub-strategies/guidelines, adapted from (L. I. Chaves, 2008; Vezzoli & Sciama, 2006)223 

Figure 63 Step 1: An image indicates the report sent to participants before the workshop. ........ 226 

Figure 64 Step 3: An image indicates the presentation of each general guideline, and the recap and 

recording of all participants’ comments. ...................................................................................... 226 

Figure 65 An example of developing furniture specific guidelines from general ones ............... 227 

Figure 66 The method of define the priority for each furniture-specific LCD strategy ............... 230 

Figure 67 Environmental advantages of furniture with longer lifespan ....................................... 234 

Figure 68 Environmental advantages of furniture with reduced materials content ..................... 236 

Figure 69 Environmental advantages of furniture with materials life extension ......................... 237 

Figure 70 An example of developing furniture-specific guidelines from general ones ............... 259 

Figure 71 The Method for Environmentally Sustainable Furniture System Design, integrating 

furniture-specific sustainable product & S.PSS design processes within the typical design method 

(process). ...................................................................................................................................... 268 



 

Figure 72 The homepage that navigates among 4 tools ............................................................... 274 

Figure 73 The components for Checklist for the Existing Furniture Evaluation_ICS x Furniture 

Toolkit .......................................................................................................................................... 275 

Figure 74 The steps for Checklist for the Existing Furniture Evaluation_ICS x Furniture Toolkit276 

Figure 75 The checklist for the Existing Furniture Evaluation integration into the design process276 

Figure 76 The components for Eco-idea Boards (ICS x Furniture Toolkit) ................................ 277 

Figure 77 The using steps for Eco-idea Boards (ICS x Furniture Toolkit) .................................. 278 

Figure 78 Eco-idea Boards (ICS x Furniture Toolkit) integration into the design process ......... 279 

Figure 79 The components for the Checklist for furniture product LCD strategies pursuit evaluation 

(simple) ........................................................................................................................................ 280 

Figure 80 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (simple)

 ..................................................................................................................................................... 280 

Figure 81 The components for the Checklist for furniture product LCD strategies pursuit evaluation 

(normal) ....................................................................................................................................... 281 

Figure 82 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (normal)

 ..................................................................................................................................................... 282 

Figure 83 The components for the Checklist for furniture product LCD strategies pursuit evaluation 

(deep) ........................................................................................................................................... 282 

Figure 84 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (deep)

 ..................................................................................................................................................... 283 

Figure 85 Checklist for concept improvement evaluation/furniture product LCD strategies pursuit 

evaluation integration into the design process ............................................................................. 284 

Figure 86 The components for the radar map .............................................................................. 285 

Figure 87 The steps for the radar map ......................................................................................... 287 

Figure 88 The radar map integration into the design process ...................................................... 288 

Figure 89 The components for the Environmental Analysis Checklist_SDOxFurniture toolkit . 291 

Figure 90 The steps for using the Environmental Analysis Checklist_SDOxFurniture toolkit ... 292 

Figure 91 The Environmental Analysis Checklist (SDOxFurniture toolkit) integration into the design 

process ......................................................................................................................................... 293 

Figure 92 The components for Idea Boards (SDOxFurniture toolkit) ......................................... 294 

Figure 93 The steps for using Idea Boards (SDOxFurniture toolkit) ........................................... 295 

Figure 94 Idea Boards (SDOxFurniture toolkit) integration into the design process .................. 295 

Figure 95 The components for Environmental improvement Checklist (SDOxFurniture toolkit)296 

Figure 96 The steps for using the Environmental improvement Checklist (SDOxFurniture toolkit)297 

Figure 97 The Environmental improvement Checklist (SDOxFurniture toolkit) integration into the 

design process .............................................................................................................................. 298 

Figure 98 The components for the Radar diagram (SDOxFurniture toolkit) ............................... 299 



 

Figure 99 The steps for using the Radar diagram (SDOxFurniture toolkit) ................................ 300 

Figure 100 The Radar diagram (SDOxFurniture toolkit) integration into the design process ..... 301 

Figure 101 The components for the Innovation DiagramxFurniture ........................................... 302 

Figure 102 The steps for using the Innovation DiagramxFurniture_ analyzing existing offers and/or 

competitors’ offers ....................................................................................................................... 305 

Figure 103 The steps for using the Innovation DiagramxFurniture_for concept design ............. 306 

Figure 104 The Innovation DiagramxFurniture integration into the design process ................... 307 

Figure 105 The components for the System MapxFurniture S.PSS ............................................ 308 

Figure 106 The steps for using the System MapxFurniture S.PSS .............................................. 310 

Figure 107 The System MapxFurniture S.PSS integration into the design process .................... 311 

Figure 108 The iteration and evaluation process of all tools ....................................................... 316 

Figure 109 The new ideas generated during the workshop using the Eco-idea tool .................... 320 

Figure 110 The most promising ideas chosen by users during the workshop using the radar map tool

 ..................................................................................................................................................... 320 

Figure 111 The concept of Group 1. ............................................................................................ 321 

Figure 112 The concept of group 4. ............................................................................................. 321 

Figure 113 The process of the interviews .................................................................................... 325 

Figure 114 The updated “guide” page ......................................................................................... 327 

Figure 115 The improvements of the ‘checklist for existing furniture evaluation’ made after the 

interview. ..................................................................................................................................... 329 

Figure 116 The improvements made for the ‘ECO-idea boards’ after the interview................... 332 

Figure 117 The improvements made to the ‘checklist for the pursuit of furniture LCD 

strategies_simplified’ after the interview ..................................................................................... 334 

Figure 118 The improvements made to the ‘checklist for the pursuit of furniture LCD strategies_deep’ 

after the interview ........................................................................................................................ 334 

Figure 119 The improvements made to the ‘RADAR map’ after the interview .......................... 336 

Figure 120 The improvements made to the ‘Project record’ after the interview ......................... 337 



 

22 
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This section offers insights derived from a two-stage review of the literature. The first 

stage delves into the contexts of sustainable furniture systems (Chapter 1), while the second 

explores the role of design in contributing to sustainable furniture systems (Chapter 2). 

Furthermore, Chapter 4 explains the research design and explains the rationale behind the 

selection of the methodology employed to structure this investigation. Specifically: 

In Chapter 1, the environmental impact of the furniture system is investigated, 

encompassing the production and consumption system (chapter 1.1) as well as the life cycle 

of furniture products (chapter 1.2). The chapter further identifies potential opportunities for 

fostering sustainability within the furniture system (chapter 1.3) and examines the policy 

contexts surrounding sustainable furniture (chapter 1.4). 

Chapter 2 explores the role of design in shaping Sustainable Furniture Systems. It 

critically defines the research scope across three key aspects. Firstly, within the three 

sustainable dimensions, this research specifically emphasizes the environmental dimension 

with economic consideration. Secondly, among various Design for Sustainability approaches, 

the focus lies in Life Cycle Design and Sustainable Product-Service System Design. Lastly, 

the investigation concentrates on the household and office furniture categories.  

Chapter 4 presents the roadmap to address the research questions. It describes 

elements for the research design of the paradigm, purpose, strategies, approaches, 

methodology, and the rationale of this roadmap. It clarifies how this design research is 

designed. 
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Chapter 1 Introduction: the furniture system and its 

sustainable challenges 

1.1 The environmental unsustainability of the furniture sector 

The furniture sector is important not only due to its close relationship with humans 

(Xiong et al., 2020) but also its significant contribution to employment, the economy, and its 

impact on the environment. For instance, in EU-27, the furniture sector employs more than 1 

million workers across 130,000 companies, generating an annual turnover of around 95 

billion Euros in 2010 (European Commission, 2013a, 2013b). On a global scale, the furniture 

industry has doubled its volume from 2000 to 2021, reaching a worldwide volume of about 

$500 billion (Table 1), which is seeing an increase in the next year (CSIL, 2021).  

Table 1 The world furniture production value (year 2000-2021) (CSIL, 2021). 

 

However, these data translates to approximately 58.64 million tons of furniture 

consumed and 56 million tons discarded each year worldwide (calculated based on data from 

(CSIL, 2021; Forrest et al., 2017)). When examining the main materials used in furniture 
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production, wood furniture accounts for 57% of the EU furniture production value, followed 

by 20% for soft furniture and 12% for metal furniture (Renda et al., 2014).  

If comparing the furniture sector with other industries, research conducted by the 

European Union ranked the Furniture sector as the second highest scoring group after textile 

and footwear (among 12 products which are absorbent, hygienic products, bed mattresses, 

cosmetics, ceramic products, detergents, fishing gears, furniture, lubricants, paints, textiles 

and footwear, toys, tires) both in terms of its environmental impact and the improvement 

potential. For the environmental impact, European research considers the environmental 

categories, including water effects, air effects, soil effects, biodiversity effects, waste 

generation and management, climate change, life-cycle energy consumption, and human 

toxicity.  For the improvement potential, the research considers the potential to improve 

material efficiency and lifetime extension. 

Data from the Consumption Footprint Platform (European Commission, 2023) show 

that since 2018, furniture has been the most impacting sector (with 27.79 mpt consumption 

Footprint per capita) among all household products, which are furniture, clothes, paper 

products, detergents, plastic products, footwear, sanitary products, bed mattresses, and 

personal care, see Table 2.. 

If compared with larger amounts of product groups, it is still possible to see the 

importance of furniture in a total of 55 sectors from 5 groups (food, housing, mobility, 

household goods, and appliances). The furniture sector ranked as the 9th most impacting 

sector for consumption Footprint per capita, after meat (food), dairy (food), single-family 

houses_moderate (housing), Passenger cars_gasoline (mobility), Passenger cars_diesel 

(mobility), Multi-family houses_moderate (housing), Beverages (food), Multi-family 

house_warm (housing), see Table 3. 
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Table 2 The consumption footprint per capita of household products from year 2018 to 2021, data from the 

Consumption Footprint Platform, data from (European Commission, 2023) 

 

Table 3 The consumption footprint per capita of products, data from the Consumption Footprint Platform, data 

from (European Commission, 2023) 

 

In conclusion, furniture has been identified as a crucial area that requires proactive 

measures and improvements to promote sustainability, considering its serious environmental 

impact and great potential for sustainability (European Commission, 2020; Joint Research 

Center of the European Commission, 2023). Addressing the environmental impact and 
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resource consumption within the furniture sector is imperative for fostering a more 

sustainable future. 

1.2 The environmental unsustainability of the furniture product 

along its life cycle phases 

1.2.1 An overall environmental impact of furniture in each life cycle stage  

As stated before, overproduction and overconsumption on the system level represent 

heavy environmental challenges for the furniture sector since the huge amount of furniture 

production and consumption results in significant resource consumption, harmful emissions, 

and waste generation. On the other hand, these impacts, among others, could also be seen on 

the product level, throughout the furniture's life cycle, during pre-production, production, 

distribution, use, and disposal (González-García et al., 2019).  

“When examining the furniture's life cycle at a micro level, we can gain detailed 

insights into the sources of environmental burdens. In the pre-production stage, 

environmental impacts primarily arise from the preparation of raw materials, such as wood-

based materials, various metals (e.g., aluminum, steel), plastics, fabrics, leather, glass, and 

various chemicals, as well as the subsequent consumption of resources. For instance, in the 

production of approximately 1 m3 of particleboard (weighing around 650 kg), the 

consumption of dry wood-based materials amounts to approximately 687 kg, Urea-

formaldehyde resin (100% solid content) around 72 kg, lubricants around 18 g, and 

comprehensive energy input of about 507 MJ, along with other resources (Clean Production 
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Standard-Wood-based Panel Industry (Particle Board), 2010; González-García et al., 2019)9. 

The over-extraction of wood resources has significant negative consequences, including 

habitat destruction leading to reduced biodiversity, drought causing desertification, and 

deforestation contributing to climate change. Wood-made furniture accounts for a substantial 

portion of the furniture sector, and the production of wood-based panels (e.g., particle board, 

fiberboard, etc.) is a critical source of hazardous emissions due to the use of formaldehyde-

emitting resins to bind wood chips or fibers (Donatello et al., 2017). Formaldehyde is a 

common indoor air contaminant known to cause sensory irritation and, depending on the 

concentration and exposure time, lead to health issues such as allergic reactions in the eyes, 

skin, and respiratory system (Liu et al., 2012). The production of other materials like steel 

and plastics also generates various impacts, such as CO2 emissions contributing to global 

climate change. 

In the production stage, manufacturing, assembly, and treatment of components 

contribute significantly to environmental impacts due to the generation of residues, 

consumption of chemical mixtures, and electricity usage (European Commission. Joint 

Research Centre, 2017). These processes can result in the creation of solid waste, air 

pollution, and water pollution. For example, the edge banding process involves the 

application of adhesives such as Ethylene Vinyl Acetate (EVA), Urea-formaldehyde (UF), 

phenol-formaldehyde resin (PFR), and Melamine Formaldehyde (MF) to the board's edge. 

Painting and finishing solid wood or metal components require coatings, while the injection/ 

extrusion/ blow molding process for plastic components consumes resin particles and 

additives like blow agents for foaming. Additionally, upholstery assembly and padding 

 
9 To be specifically, it consumes wood based materials 687 kg, UFR 72 kg, lubricants 18 g, energy 507 MJ and other 

resources in a brazil case (González-García et al., 2019); it consumes wood based materials 600-750 kg, UFR 65-75 kg, 

energy 80-260 kg standard coal and other resources in China (Clean Production Standard-Wood-based Panel Industry 

(Particle Board), 2010). 
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involve the use of latex and Polyurethane (PUR) foams. These processes, which consume 

resins, pigments, solvents, additives, and diluents, can generate Volatile Organic Compounds 

(VOC) emissions such as alcohols, olefins, ethers, alkanes, and aldehydes, as well as 

wastewater containing sulfide, chlorine (Cl), alcohols, olefins, and alkanes (Cheung et al., 

2017). These emissions can have negative impacts on the environment and human health 

(Berrios et al., 2005). VOCs emitted into the atmosphere contribute to acid rain and the 

greenhouse effect. In the presence of sunlight, they react with oxides of nitrogen to form 

ozone in the lower atmosphere, leading to photochemical smog, a persistent air quality issue 

in many regions. Smog's environmental impact can affect both health and property, causing 

respiratory irritation, plant damage, and reduced visibility. Waste generation is another 

significant impact occurring during production (Ulrich & Eppinger, 2012). Manufacturing 

processes like cutting, punching (or drilling), and sanding (or trimming) generate solid waste, 

including sawdust, metal, and plastic residues. Sawdust, for example, can contribute to smog 

formation and negatively impact air quality and human health.  

Environmental impacts in the distribution stage primarily arise from transportation, 

packaging, and storage facilities. This includes the resources used for transportation, the life 

cycle impacts of packaging materials, and the overall environmental effects of warehouses. 

Air pollution is a harmful consequence resulting from non-renewable fossil fuel consumption 

during the transportation of furniture products. Additionally, the centralized economic 

structure may lead to irrational long-distance logistics, causing high energy consumption 

during distribution. The storage of furniture also contributes to environmental impact, mainly 

due to electricity consumption. Constructing storage facilities involves the consumption of 

resources and the emission of pollutants, making it a complex process. Moreover, packaging 

waste is generated to protect furniture during transportation. Various types of packaging are 

used, including primary, secondary, and tertiary packaging. These packaging materials can 
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include corrugated board boxes, PE and other types of plastics, and sometimes even wood 

and metals. 

Although the use phase may not be the most critical in terms of environmental 

impacts  (European Commission. Joint Research Centre, 2017), it still requires careful 

consideration. Potential environmental impacts can arise from the operation and cleaning of 

furniture products. For instance, electrically adjustable furniture consumes electricity during 

use. Cleaning furniture typically involves wiping surfaces with a damp cloth, vacuuming 

upholstery, and machine-washing textile covers for chairs and other seating or laying 

products. These cleaning processes may require water, detergent, and electricity. The use of 

detergent and the emission of wastewater has the potential to cause acidification, such as acid 

rain in terrestrial and freshwater environments. While the use phase of furniture might appear 

to have a relatively low environmental impact on furniture Life Cycle Assessments (LCAs), it 

is essential to recognize that irresponsible furniture use can lead to premature obsolescence 

before the actual end of its functional lifetime. This, in turn, results in additional materials 

and energy consumption as well as increased waste generation. 

The end-of-life stage of furniture encompasses various scenarios. In the EU, furniture 

waste constitutes over 4% of the total municipal solid waste (MSW) annually, with 80-90% 

being incinerated or landfilled and only 10% being recycled (European Commission. Joint 

Research Centre, 2017). Unfortunately, much furniture becomes obsolete before reaching its 

actual functional lifetime due to reasons such as office relocations, inadequate furniture after 

renovations, expansion of premises or staff, and changes in interior or corporate design. 

Consequently, perfectly functional furniture is often discarded for aesthetic reasons. Reuse in 

the furniture sector is also limited, primarily occurring through commercial second-hand 

shops or social enterprises (European Commission. Joint Research Centre, 2017). Frequent 

replacement of office furniture contributes to the growing volume of solid waste, leading to 
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increased landfill usage (Besch, 2005). Landfill disposal can generate methane and 

groundwater pollutants, while incineration produces air pollution and toxic ash (Ulrich & 

Eppinger, 2012). These environmental issues emphasize the need for more efficient furniture 

use to reduce emissions and waste generation. Another end-of-life scenario involves 

incineration for energy recovery, but incinerating plastics, in particular, has a high 

environmental impact. For instance, the combustion of plastics releases noxious fumes into 

the atmosphere, posing serious threats to both human health and the environment.  

Last but not least, the entire life cycle of furniture involves electricity consumption 

and transportation. Firstly, the overuse of non-renewable resources may lead to resource 

depletion. The consumption of non-renewable fossil fuels, such as coal, natural gas, and 

diesel oil, occurs during production activities, transportation, and electricity generation, 

resulting in the release of CO2, CH4, CF4, C2F6, SO2, HF, HC, NOx, CO, particulate matter 

(PM), among others. These emissions may contribute to Global Warming (CO2, CH4, CF4, 

C2F6), Acidification (SO2, HF, NOx), Photochemical Ozone Creation (SO2, CO, NOx, HC), 

and winter smog (PM). Some of these emissions have been proven to have a negative effect 

on human health. For instance, SO2 and NOX are linked to skin, lung, bladder, liver, and 

stomach cancers, while PM and NOx can cause respiratory problems.” (D. Yang & Vezzoli, 

2023) 

1.2.2 The detailed environmental impact of furniture  

To obtain detailed data on the environmental impacts of furniture, several authors 

conducted a Life Cycle Assessment (LCA), which is one of the most commonly used tools 

for systematically assessing environmental impacts (Panameño et al., 2019).  

Some researchers evaluated or compared the environmental impact of various 

processes, materials, or components. A study comparing different types of wood-based panels 
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found that standard particleboard has a lower environmental impact (72%) compared to 

standard fiberboard (Çinar, 2005). This finding was further supported by another 

environmental analysis of three types of wood-based boards, which demonstrated that 

particleboard with low formaldehyde content exhibited better environmental performance 

than standard particleboard, while fiberboard had the highest impact (Bovea & Vidal, 2004). 

In addition to traditional boards, bio-composites made from hemp fiber and polylactide 

demonstrated good environmental performance with lower resource consumption and 

biocompatibility, among other benefits (Smoca, 2019). 

Crucial processes for wood boards involve surface and edge treatments. An evaluation 

of four different wood surface coatings (two wax-based coatings and two UV lacquers that 

use ultraviolet light for hardening) showed that the 100% UV lacquer is the most 

environmentally friendly alternative (Gustafsson & Börjesson, 2007). Another technique 

involves using laminate for surface and edge treatments, and the evaluation revealed that low-

density laminate is preferred over high-density laminate, resulting in a 36% improvement in 

environmental impact (Çinar, 2005).  

In terms of wood production processes, the milling saw step was found to have the 

highest environmental impact on Para-rubber wood (Phungrassami & Usubharatana, 2015). 

When considering wood extraction techniques, the choice of technological options should be 

based on the geomorphology, topography, and site-specific characteristics of the area 

investigated. Neither advanced nor traditional mechanization can be considered the most 

suitable for all conditions (Mirabella et al., 2014). Furthermore, a Life Cycle Inventory (LCI) 

data investigation of five timber production lines in Ghana provided average national data for 

the timber industry (Eshun et al., 2010). 

Processes for metal and leather were assessed. An evaluation of two powder coating 

solutions verified that substituting the epoxy-based coating with a polyester-based alternative 
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reduces both health risks and environmental impacts (Askham, 2011). Compared with the 

traditional chrome tanning process, the novel wet-white tanning process has lower ADP 

(Abiotic Depletion Potential), GWP (Global Warming Potential), and HTP (Human Toxicity 

Potential) but higher GWP excluding biogenic carbon and energy consumption. The tanning 

process is the main contributor to environmental impact (Shi et al., 2016). 

Some LCAs evaluate the life cycle data for a single piece of furniture and identify hot 

spots in the furniture system, which can help determine improvement alternatives. The 

environmental profile of a set of wood furniture (a convertible baby cot, a study desk, and a 

bedside table) was evaluated, and two processes (the production of wooden boards and 

electricity) were identified as hot spots. Based on this, several improvement alternatives were 

proposed to reduce the environmental profile (González-García et al., 2012). Mirabella et al. 

assessed the environmental impacts of a school desk and highlighted that solid wood panel 

production and iron parts processing had the greatest environmental burdens (Mirabella et al., 

2014). An assessment of a wardrobe showed that the most significant environmental impact 

of the furniture life cycle was due to the distances covered and the production of the main 

raw material, medium-density particleboard (MDP) made of wood (Medeiros et al., 2017). 

These trials help assess the environmental profile of a single piece of furniture and propose 

targeted suggestions for improvement. 

There have been several LCAs conducted to compare different furniture models and 

define better ones. Panameño et al. compared the environmental impacts of a basic chair and 

a redesigned chair to provide insights into the implementation of cleaner production 

(Panameño et al., 2019). In the case of wardrobes, those made from hybrid-modified 

ammonium lignosulfonate/wood fiber composites (HWC) showed better environmental 

performance than conventional medium-density fiberboard wardrobes (Li et al., 2019). The 

hotspots over the life cycle of the HWC wardrobe were found to be raw materials supply, 
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energy requirements, and transportation (Li et al., 2019). Another study evaluated two LIFE 

office chairs and found that the model with an aluminum base had a higher GWP100 impact. 

The main hotspot in the life cycle of these chairs was the raw material extraction/refinement 

stage (Babarenda Gamage et al., 2008). In a comparison of 11 seating solutions, it was 

observed that energy and materials minimization improved environmental performance, and 

higher recycled material content and the use of renewable energy resources were beneficial 

(Askham et al., 2012) 

In addition to assessing the environmental impacts of furniture products, processes, 

and materials, one study evaluated the environmental performance of varying models. 

Adaptive remanufacturing was verified to be both an environmentally preferable and 

economically viable business strategy (Krystofik et al., 2018).  

1.3 The potential to improve furniture system’s environmental 

performance 

The importance of design in innovating furniture products for sustainability is 

becoming more widely recognized. Up to 80% of a product's environmental impacts are 

determined during the design phase (Design Council, 2022; European Commission, 2020), 

emphasizing the importance of sustainable design knowledge in addressing major 

environmental issues associated with the furniture system. Indeed, addressing environmental 

concerns early in the design process is more efficient than retroactive actions, as it avoids 

costly and dangerous operations to reverse or limit the damage. 

In terms of the furniture sector, there is great potential to improve its sustainability 

through design. In the framework of the Paris Agreement, the furniture sector can contribute 

to the goal of limiting global warming to 2 ◦C by 2050 (Geng et al., 2019). In the case, for 
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example, of sales of office chairs and desks in the EU, they are associated with greenhouse 

gas emissions of more than 2 Mt CO2 eq per year. According to studies, it is possible to 

improve the carbon footprint by up to 10% by increasing, for example, the proportion of 

recycled metals (Heinemann & Arsenio, 2022). Impacts at the end of life vary considerably 

depending on what materials are used in the furniture. Recycling furniture components or 

recovering energy from furniture waste is often complicated due to difficulties in separating 

components (Geng et al., 2019). If the furniture is well-designed, such as easily separated 

structures or using easily recycled materials, it is possible to avoid this waste. 

The first thing is about life extension. The durability of products can dramatically 

influence the environmental impacts of furniture products. It was observed that many 

furniture products become obsolete despite still being perfectly functional or in need of only 

minor repair (e.g., due to office relocations, changes in interior design of public buildings, 

etc.) (European Commission. Joint Research Centre., 2017).  

Illustrative estimates show that within the EU, a one-year extension of the useful life 

of office desks and tables, from 15 to 16 years, could save 65,000 tons of CO2eq each year, 

and 100,000 tons of CO2eq could be saved if office chairs lasted 11 years instead of 10 years. 

Combined, this is as much as burning over 60 million liters of diesel (Heinemann & Arsenio, 

2022). According to the European Federation of Furniture Manufacturers’ statistics, 80% to 

90% of the EU furniture waste in municipal solid waste is incinerated or sent to landfill, with 

less than 10% recycled (Mirabella et al., 2014). Furniture waste in the EU accounts for more 

than 4% of the total municipal solid waste stream. Additionally, household furniture alone 

represents between 2% and 5% of municipal solid waste in the EU-28 (Mirabella et al., 

2014). 

Data for France suggests that 2.3% of all furniture on the French market is not sold, of 

which 46% is directly destroyed or ‘recycled’ (ADEME et al., 2021). On a global scale, the 
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estimated value of furniture production in 2019 was US$ 490 billion, with US$ 160 billion in 

exports and US$ 477 billion in consumption (CSIL & CNFA, 2020), with 2.65% of all 

furniture unsold. This equals 1.52 million tons of furniture unsold, and a big portion is 

destroyed or recycled. To avoid the impact caused by early end-of-life furniture or unsold 

inventory, different design measures could be taken on furniture products or furniture 

business models to achieve sustainable development in the furniture sector. 

Furniture is made of various materials, such as wood and wood-based materials, metal 

(e.g., aluminum, steel, etc.), plastics, textiles, leather, glass, various chemicals, and so on 

(European Commission, 2013b; Renda et al., 2014). Each year, approximately 58.64 million 

tons of furniture are consumed worldwide, which represents huge amounts of materials 

consumed. For example, for an average production of 1 m3 particle board (around 650 kg), it 

consumes dry wood-based materials around 687 kg, Urea formaldehyde resin (100% solid 

content) around 72 kg, lubricants around 18 g, and comprehensive energy consumption is 

about 507 MJ with other resources. The production of 1000 kg of primary Aluminum 

consumes 5168 kg of bauxite, 186 kg of coal, 251 kg of oil, 308 m3 of natural gas, and 15711 

KWH electricity (International Aluminum Institute, 2003). The production of 1000 kg of 

steel consumes 1239 kg of iron ores and 800 kg of mineral inputs like limestone, dolomite, 

iron scrap, and so on. The electricity consumption is about 186 KWH, and fossil fuels like 

Coke consumption is about 509 kg (Burchart-Korol, 2013). The reduction of materials 

consumption for furniture means a huge impact reduction in the original raw materials and, 

thus, environmental impact reduction. 

The furniture sector has other impacts, such as Biodiversity Effects and Soil Effects, 

which are closely related to the consumption of wood-made raw materials. Carefully sourcing 

the legal timber for furniture production would avoid these impacts. Another impact is the air 

effect since furniture production involves different chemical sources, biocidal products, flame 
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retardants, adhesives, resins, paints, varnishes, inks, dyes, plasticizers, and foaming agents, 

which affect the indoor environment releasing mainly VOC (Geng et al., 2019). The 

improvement potential of the furniture sector lies in addressing the composition of furniture 

elements, reducing the addition of harmful substances, and using low-emission materials and 

low-VOC-emission furniture (Braulio-Gonzalo & Bovea, 2020). 

Furniture exhibited a high improvement potential in terms of waste generation and 

lifetime extension, which could be improved by performance requirements on design for 

durability, design for reliability, e.g., resistance to stress or weathering), design for 

disassembly, design for refurbishing and/or recyclability, availability of spare parts and 

mandatory minimum recycled content materials. These circularity measures have the 

potential to extend the lifetime of the product or its component, potentially saving on new 

resources and, therefore, influencing other categories such as air, soil, and biodiversity. 

1.4 The context of environmentally sustainable furniture 

Until 2013, there was no specific EU regulation for furniture (European Commission, 

2013b) or furniture sectorial legislation (Joint Research Center of the European Commission, 

2023) existing at the moment addressing its environmental performance. However, there are 

some legislation, policy requirements and standards for environment, chemical, health, and 

safety that affect the furniture sector. 

Some initiatives show concerns about the furniture sector’s sustainable development 

(e.g., circular economy action plan). Some regulations are general and relevant to the 

furniture sector (e.g., REACH).  Some certification systems are proposing sustainability, like 

the EcoLable or GPP criteria, which are voluntary certifications. There are some technical 

committees on furniture in some areas/countries, such as the EU, China which develop 

standards on terminology issues, safety issues (e.g., test methods on flammability and fire 
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behavior), test methods, and requirements for end products, components, surfaces as well as 

standards on dimensional coordination (European Commission, 2013b). 

The circular economy action plan (European Commission, 2020) gives priority to 

furniture as one of the most important sectors to be improved for sustainability, considering 

its environmental impact and sustainability potential. The plan proposed improving products’ 

circulation through product improvement and business models. It gives some common 

directions for different sectors, such as improving products’ durability, reusability, 

upgradability, etc., and proposing some measures to facilitate the process from the point of 

view of the European Commission, such as developing a certification system.  

Regulation (EU) 995/2010 of the European Parliament and of the Council lays down 

the obligations of operators who place timber and timber products on the market (European 

Commission, 2013b). This regulation is relevant to the furniture sector since the most 

common material used in the furniture sector is wood (56% of the pieces of furniture 

produced in the EU 27 in 2011 are based on wood, which represents 56% of the production 

value) (European Commission, 2013b). 

REACH regulation requires appropriate registration for chemical substances by each 

company that manufactures or imports from outside of the European Union substances on 

their own, in preparations, or in articles in quantities of 1 tonne or above per year. Certain 

substances that may cause serious and often irreversible effects on human health and the 

environment can be identified as Substances of Very High Concern (SVHC). REACH aims to 

ensure that the risks resulting from the use of SVHCs are controlled and that the substances 

are replaced where possible. A Member State, or European Chemicals Agency (ECHA), on 

request of the European Commission, can propose a substance to be identified as an SVHC 

(European Commission, 2013b). 
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EU Ecolabel criteria. Ecolabelling is a simple and cost-effective way to communicate 

environmental aspects and commitment to purchasers and consumers (European 

Commission, 2013b). However, there is a lack of furniture products (1,550 out of 88,045 

products till March 2023) that are verified. It is in part due to the exclusion of both non-

wooden furniture and wooden furniture with less than 90% solid wood or wood-based 

materials. 

EU Green Public Procurement (GPP) criteria aim at facilitating public authorities' 

purchase of products, services, and works with reduced environmental impacts (European 

Commission, 2018). This criterion lists detailed information on how to purchase 

refurbishment services for existing used furniture, new furniture items, and furniture end-of-

life services for public authorities.  

There are other regulations about the limits on volatile organic compounds emissions, 

pollution prevention and control, leather production, sale of consumer goods and associated 

guarantees, waste management, packaging and packaging waste, classification, packaging 

and labeling of dangerous substances, classification, labeling and packaging of substances 

and mixtures, etc.  Different European standards are of relevance for the furniture sector, 

such as CEN Committee CEN TC 207 Furniture, CEN Committee CEN TC 38 Durability of 

wood and wood-based products. The objective of CEN/TC 207 is to prepare European 

standards in the field of furniture, concentrating more particularly on terminology, safety, test 

methods, and dimensional co-ordination, and guarantee the “Internal market” for furniture 

(CEN Committee, 2018), which is not about sustainability. 

Within this context, there is an upcoming European regulation, the Eco-Design for 

Sustainable Products Regulation (Joint Research Center of the European Commission, 2023), 

scheduled for release in April 2024. The Joint Research Center of the European Commission 

conducted an evaluation of the environmental impact and improvement potential (see Figure 
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1_right top image) across 12 distinct product categories, as illustrated in Figure 1_right 

bottom image. Remarkably, the furniture sector emerged as the second most critical category, 

following the textile and footwear sector (see Figure 1, right bottom image). This underscores 

the significant environmental impact of the furniture sector and its substantial potential for 

improvement towards sustainability. Additionally, it highlights the pressing need for prompt 

action in the furniture sector. 

 

Figure 1 The rationale to design a sustainable furniture system (Joint Research Center of the European 

Commission, 2023). 
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1.5 Definition of furniture in this research10 

Furniture refers to a broad set of products used daily in both domestic and non-

domestic spaces for functions such as storage, hanging, supporting, lying, sitting, working, 

and eating (Cordella & Hidalgo, 2016). The scope of this research is specifically centered on 

office and household furniture, given that they collectively constitute more than 60% of 

furniture production (Renda et al., 2014). This focus is reinforced by the findings of another 

study that emphasized household and office furniture as the primary categories of interest 

(Feil et al., 2022). Furthermore, these furniture types represent the central focus of 

interdisciplinary fields such as furniture and environmental science, as well as furniture and 

sustainable design. 

This study assumed that these two categories of furniture, namely office and 

household furniture, exhibit similar life cycle environmental performance. Consequently, it 

was inferred that similar approaches for enhancing sustainability could be applied to both 

types. This assumption was validated through a Life Cycle Assessment conducted by the 

author, as detailed in Chapter 5.1. Moreover, the distinction between office and household 

furniture is gradually blurring in terms of usage, as contemporary organizations increasingly 

embrace dynamic work environments that transcend traditional boundaries between home 

and office settings, aiming to enhance employee motivation and productivity (Leclercq-

Vandelannoitte, 2021). The rise of home offices, a trend further accelerated by the pandemic, 

underscores the growing comparability of application contexts for these two categories of 

furniture. 

 
10 This chapter, 1.5, refers to the publication of the author entitled “Design for  Environmentally sustainable furniture 

systems – the knowledge and know-how of furniture life cycle design and furniture sustainable product-service system 

design” (D. Yang, 2023). 
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Chapter 2 The potential role of design towards 

sustainable furniture systems 

2.1 Sustainable development: call for a radical change and 

system innovation 

For a comprehensive understanding of sustainability and its implications, it is 

common to represent it as three interconnected dimensions (United Nations, 2015):   

• The Environmental Dimension: This dimension focuses on ensuring that human 

activities do not surpass the "resilience" of the biosphere-geosphere. In other words, it 

strives to avoid triggering irreversible processes of degradation, such as climate 

change, acidification, and land use, etc. 

• The Social Dimension: This dimension focuses on social equity and cohesion. A 

critical aspect of this dimension is the equal redistribution of resources, guided by the 

principle that everyone should have equal access to global natural resources. 

• The Economic Dimension: This dimension aims to promote inclusive and sustainable 

economic growth. It underscores the importance of generating employment 

opportunities and ensuring decent work for all members of society. 

Environmental dimension 

The environmental dimension of sustainability is centered on safeguarding the 

planet from degradation. This involves promoting sustainable consumption and production 

practices, responsibly managing natural resources, and taking immediate action to combat 

climate change. The overarching goal is to ensure that the Earth can adequately meet the 

needs of both current and future generations. 

Efforts to assess the impact of our existing production and consumption systems on 

the environment, as well as the potential for a global ecosystem collapse, have been ongoing 
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since the 1970s (United Nations & World Commission on Environment and Development, 

1987). Presently, we possess well-documented information and scientific evidence that 

highlights humanity's role in ecosystem deterioration and the severe consequences. In 2023, 

Earth Overshoot Day fell on August 2nd (Global Footprint Network, 2023). This date 

signifies the point at which humanity's consumption of natural resources for the year 

surpasses the Earth's capacity to regenerate those resources within that same year. It is crucial 

to note that there has been a significant shift over time, with Earth Overshoot Day moving 

approximately 150 days earlier from 1970 to 2023. 

Additionally, it's worth highlighting that certain countries contribute more 

significantly to this ecological imbalance than others. Figure 2 illustrates when Earth 

Overshoot Day would occur if the entire world population adopted the consumption patterns 

of various representative countries. This aspect is also relevant to the issue of social equity, 

which will be further explored in the subsequent section of this chapter. 

 

Figure 2 The number of earth we need if we live in the current way (left); Earth Overshoot Days in some 

countries (right) (Global Footprint Network, 2023) 
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When examining the relationships between the human world and nature as a whole, 

we can identify three fundamental scenarios for reducing environmental impact (Vezzoli, 

Macrì, et al., 2022): 

Biocompatibility - Scenario of Biological Cycles: In this scenario, the flows of 

resources and emissions involved in producing goods and services are aligned with the 

natural system, including the biosphere and geosphere. This alignment is achieved by using 

renewable resources and disposing of emissions and waste that are biodegradable and 

compatible with the natural environment. However, in industrialized settings, this approach 

may not be suitable for all activities. 

Non-Interference - Scenario of Technical Cycles: The non-interference scenario 

involves no longer extracting resources or emissions from nature. Instead, it focuses on 

extending the lifespan of products and components within the Technosphere. This is achieved 

through strategies such as optimizing product/component life, reusing materials, sharing 

resources, maintenance, repair, upgrading, remanufacturing, recycling, and energy recovery. 

This approach has been recognized by the European Union since 2014 as an economic system 

that aims to maintain the value of products, materials, and resources by returning them to the 

product cycle at the end of their use while minimizing waste generation. 

Dematerialization Scenario - Demand for Well-Being: In the dematerialization 

scenario, both the input and output flows of resources and emissions are quantitatively 

reduced in response to society's demand for needs and wants. These needs and wants are 

satisfied through combinations of products and services that are designed to be more resource 

efficient. 

The transition toward environmental sustainability will likely involve a combination 

of these scenarios, depending on the specific conditions and contexts. It's important to note 
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that sustainable development intersects with socio-ethical sustainability, leading to a broader 

range of implications and responsibilities that encompass various issues and considerations. 

(United Nations, 2023): 

• SDG 9: Industry, innovation and infrastructure  

• SDG 11: Sustainable cities and communities 

• SDG 12: Responsible consumption and production 

• SDG 13: Climate action 

• SDG 14: Life below water 

• SDG 15: Life on land 

Socio-ethical dimension 

The socio-ethical dimension of sustainability places a central focus on the equity 

principle, which asserts that every individual should have access to a fair distribution of 

resources. Socio-ethical sustainability goes beyond just addressing poverty; it aims to 

enhance the overall quality of life and foster social cohesion. 

Socio-ethical sustainability can be achieved by promoting a high-employment 

economy that delivers economic, social, and territorial cohesion. This would empower 

individuals with high-quality employment opportunities, skill development, poverty 

alleviation, and modern labor markets. It also includes enhancing training and social 

protection systems to enable people to anticipate and manage changes and contribute to the 

development of a cohesive society. 

When the concept of sustainable development intersects with socio-ethical 

sustainability, it extends the spectrum of implications and responsibilities to encompass a 

range of critical issues, including (United Nations, 2023):  

• SDG 1: No poverty 

• SDG 2: Zero hunger 

• SDG 3: Good health and well-being 
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• SDG 4: Quality education 

• SDG 5: Gender equality 

• SDG 6: Clean water and sanitation 

• SDG 7: Affordable and clean energy 

• SDG 10: Reduced inequalities 

• SDG 11: Sustainable cities and communities 

• SDG 16: Peace, justice, and strong institutions 

Economic dimension 

The economic dimension of sustainability involves promoting models of production 

and consumption that are environmentally and socio-ethically sustainable while remaining 

economically viable and fostering economic prosperity. Within this dimension, three main 

scenarios can be identified (Vezzoli, Macrì, et al., 2022): 

Internalization of Costs:  Internalization of costs entails including both direct and 

indirect costs in the purchase price of goods or services. This scenario focuses on addressing 

the issue of resources having low market costs that do not reflect their actual societal impact. 

For instance, the extraction of wood from tropical forests may lead to erosion and 

biodiversity loss, but these negative consequences are not factored into the purchase price of 

the wood. Some indirect costs arise when resources are consumed by products, generating 

environmental and economic costs throughout their life cycle. This strategy encourages 

innovation aimed at minimizing environmental impacts. For example, if the true costs of a 

car's emissions during its use phase were reflected in its price, it would incentivize 

manufacturers to develop environmentally friendly alternatives. Achieving cost 

internalization is primarily a political and legislative challenge. 

Reorienting Ongoing Transitions: This scenario involves directing ongoing societal 

transitions, such as interconnection, globalization, information, and services, toward 

sustainable solutions. For example, exploiting the potential for dematerialization offered by 
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new information and communication technologies (ICT) and email systems compared to 

traditional postal services. This approach focuses on steering existing trends and systems 

toward more effective and sustainable outcomes rather than attempting to revert to previous 

production-consumption models. 

Promoting Niche Economic Models: In this scenario, the emphasis is on promoting 

and expanding promising economic models that currently have a niche market share. Some of 

these models align with environmental, socio-ethical, and economic sustainability principles. 

Examples include Sustainable Product-Service Systems and Distributed Economies. The goal 

is to mainstream these models and make them more widely accessible, thereby fostering 

sustainable economic practices. 

In summary, the economic dimension of sustainability seeks to align economic 

activities with environmental and social objectives. The sustainable development goals 

regarding economic sustainability are (United Nations, 2023): 

• SDG 8: Decent work and economic growth 

• SDG 9: Industry, innovation, and infrastructure 

• SDG 11: Sustainable cities and communities 

The transition to system innovation 

During the second half of the 1990s, a series of studies and analyses led to a more 

precise comprehension of the magnitude of change required to attain a society that is 

effectively sustainable for all (Stahel, 1997). It became evident that sustainability can only be 

achieved by significantly reducing: the extraction of environmental resources and the 

emissions released to the geosphere and biosphere from the production and consumption 

systems of the fully industrialized society. 

These studies, considering demographic growth forecasts and assuming a rise in the 

demand for well-being in both disadvantaged and affluent contexts, yield astonishing results. 
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They indicate that within 50 years, achieving conditions for sustainability would require an 

increase of the eco-efficiency of the production-consumption system by a factor of ten. In 

other words, the use of environmental resources per satisfaction/service rendered should be 

reduced 90% of the current industrial societies to achieve sustainability. 

If the objective in the 1970s was to slow down before reaching the limits, the current 

imperative is to descend below these limits without causing severe damage to the planet. For 

instance, if the ongoing trends of overfishing and pollution continue, there is a risk of a 

complete collapse of all seafood stocks by 2048. By the middle of the 21st century, 7 billion 

people across 60 countries could potentially face water scarcity. In light of these 

circumstances, it becomes evident why some authors (Diamond & Morlino, 2004), begin to 

assert that global society is close to the collapse of ecosystems. 

These estimates, while still a subject of scientific discussion, hold enough validity to 

underscore the magnitude of change required. A profound and radical transformation of our 

development model is necessary. The production and consumption system in a sustainable 

society will be quite different from what we have previously taken for granted. In essence, 

the transition to sustainability requires radical changes in how we produce, consume, and, 

more broadly, how we live.  

In the forthcoming decades, we must transition from a society where well-being and 

economic health are measured in terms of growth in production and material consumption, to 

a context where economic growth can be disconnected with resources consumption.  

It is certain that it will entail discontinuity across all facets of society. Given the 

nature and the dimension of this change, the transition towards sustainability, particularly 

sustainable ways of living, must be seen as a comprehensive social learning process that 

demands system-level discontinuity. In fact, the debate on more sustainable consumption 
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patterns has gained prominence in the agendas of major international governmental 

institutions in recent years, with the United Nations establishing the Sustainable Consumption 

Unit in May 2000. 

This complex debate can be summarized in the following question: how can we adopt 

a new perspective that separate the social wellbeing from a direct relationship with increased 

resource consumption and environmentally detrimental emissions, thereby moving away 

from characteristics typical of high-income industrialized societies? 

Considering the significant differences across different contexts, it has been 

emphasized earlier that for the concept of a sustainable society to be taken seriously, we need 

a wide-reaching social learning process in which a system discontinuity is catalyzed. 

Therefore, when taking this to the implementation level, it becomes evident that a system 

innovation approach is required. System innovation refers to a transformation that occurs 

within the broader societal contexts, leading to fundamental structural changes. This 

encompasses alterations in user practice, markets, policies, regulations, cultural norms, 

infrastructure, lifestyles, as well as the structures of companies and organizations. Moreover, 

it involves changing their interactions within the various production and consumption 

systems (Ceschin & Gaziulusoy, 2019; Frantzeskaki & Haan, 2009, 2009; Geels, 2006; Kemp 

& Rotmans, 2004; Vezzoli et al., 2014) 

At the level of system innovation, optimization goes beyond products, services, and 

production systems that exist within current institutional frameworks and infrastructures. It 

also involves the development and implementation of new infrastructures, spatial planning, 

and incentive systems aimed at promoting more sustainable lifestyles. 
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System innovations encompass significant changes in the predominant "socio-

technical regimes" and how societal functions are carried out. These are complex processes 

that intersect the social, economic, technological, and policy domains. 

Within the extensive discourse on how to encourage and facilitate system innovation, 

the Sustainable Product-Service Systems (S.PSS) offer model appears as a promising 

approach to uncouple resource consumption and environmentally impacting emissions from 

value creation. 

2.2 The evolution of design for sustainability approaches and its 

relevance within the furniture sector 

It is now widely acknowledged that design can and should play a crucial role in 

driving societal transformations towards sustainability. Design has the potential to serve as a 

catalyst to trigger and support innovation and it can influence and mold the world.  In a 

broader perspective, researchers highlight that the scope of design interventions for 

sustainability approaches has enlarged from single indicator innovations to systematic 

innovation, i.e., from materials and components, products, product-service systems (L. iten 

Chaves, 2009), local communities, socio-technical systems, to socio-technical-ecological 

systems. Accordingly, the framing of design problems has evolved from being technology-

centered to a more human-centered approach, and further towards an earth-centered 

perspective (Ceschin & Gaziulusoy, 2019).  

These approaches can be categorized into two main groups. The first group focuses on 

reducing the impacts of current consumption patterns through improved knowledge, 

technology, or organizational changes. This approach is often referred to as techno-centric or 

innovation-centered. The second category involves changing consumption patterns to reduce 
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their environmental impact. This approach is referred to as eco-centric or, alternatively, 

human need-centered (Grover et al., 2019; O’Riordan, 1989; Rawles, 1995).  

Ceschin and Gaziulusoy's classification aligns with those proposed by Grover et al. 

(2019), O'Riordan (1989), and Rawles (1995). In addition, Ceschin and Gaziulusoy's 

classification steps further by incorporating the concept of sustainable social innovations, 

reflecting a more comprehensive view of sustainability that considers not only technological 

and ecological aspects but also the social dimension of innovation. 

2.2.1 Materials/energy selection with low environmental impact 

In the early stages of green design practices, the primary emphasis was on reducing 

environmental impact through the redesign of individual qualities of individual products 

(Ceschin & Gaziulusoy, 2019), such as materials or components. Typical examples of such 

practices included optimizing the quantity of materials used in a product, utilizing recyclable 

materials, renewable materials, or energy sources, substituting virgin materials with recycled 

alternatives, and replacing hazardous or toxic materials with non-hazardous ones. 

These design principles are fundamental in the context of furniture, and they remain a 

central focus in contemporary furniture design practices. However, a common misconception 

in the furniture sector regarding environmental requirements is the belief that the selection of 

material with lower environmental impact could be the best leads to a product with a reduced 

environmental impact (L. I. Chaves, 2008). An illustrative example is Kartell's 

Chair_Rechair, crafted from recycled thermoplastic sourced from used Illy coffee capsules. 

However, it's important to note that in order to meet quality standards and necessary 

mechanical requirements, additives are often incorporated into such designs, which can 

hinder further recycling at the end of the product's lifecycle. While these innovations are 
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significant steps in the realm of furniture design, they fall short of achieving full 

sustainability. 

Regulations like REACH and Ecolabel are dedicated to overseeing and encouraging 

green design. REACH specifically governs the use of chemical substances in products. For 

Ecolabel, criteria are predominantly focused on the materials used in furniture products, 

given that this is the predominant source of life cycle impacts (European Commission. Joint 

Research Centre, 2017). Indeed, while materials are an important aspect to regulate in order 

to enhance the life cycle environmental performance of furniture, it's essential to recognize 

that some other factors (such as life extension) even play a more significant role, as will be 

elaborated in the following paragraphs. 

In the academic field, green design is also the focus of sustainable furniture system 

research, like materials choice (Badiu et al., 2015; Bovea & Vidal, 2004; Estrada et al., 2019; 

Kumar R. et al., 2019; Li et al., 2019; Lovarelli et al., 2018; Montagna & Carvalho, 2018), 

packaging volume optimization (Wever, 2011), labels, certification standards (Santos et al., 

2012), waste management (Daian & Ozarska, 2009), component choice (Iritani et al., 2015), 

and so on. 

2.2.2 Product design for environmental sustainability 

Product Eco-design or Life Cycle Design 

Eco-design represents a design approach aimed at reducing the environmental impacts 

of products and services throughout their entire life cycle while ensuring similar or improved 

performance for the end customer (ISO/TR 14062, 2002). Different from green design which 

improves an individual aspect of a product, eco-design puts emphasis on the whole life cycle 

of the product, ranging from the extraction of raw materials through manufacturing, 

distribution, and use to final disposal (Boks & McAloone, 2009; Brezet & Hemel, 1997; 
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Charter & Tischner, 2001; Giudice et al., 2006; Keoleian & Menerey, 1993; Pigosso et al., 

2015; Tischner, 2001; Vezzoli & Manzini, 2008). Eco-design is also referred to as Life Cycle 

Design (LCD), Circular Design, or Design for the environment (L. I. Chaves, 2008; 

Ljungberg, 2007; Vezzoli, 2018). However, it's important to note that sometimes, Design for 

the Environment is used to describe a broader scope of design considerations. This research 

used the “Life Cycle Design” terminology.  

While Life Cycle Design (or eco-design) have been extensively discussed in the 

literature, the environmental practices related to eco-design have a generic shape and are 

difficult to fit into specific product projects and industrial processes (Borchardt et al., 2009). 

Moreover, it's crucial to acknowledge that the efficiency gains on a single-product basis did 

not resolve the impacts associated with the ever-increasing consumption of products, which 

outpaced the improvements in unit efficiency (Brookes, 2000; Ryan, 2003). 

In the furniture sector, Life Cycle Design (LCD) is quite a relevant topic in the pursuit 

of sustainability. Relevant researches include defining the eco-design criteria into 

Scandinavian wooden furniture industries (Lähtinen et al., 2014), defining the design 

strategies for office furniture (L. I. Chaves, 2007) which is one of the earliest work on 

furniture Life cycle Design that focus on office furniture, evaluating the energy and economic 

saving potential of remanufacturing/refurbishing/reusing furniture (Michelsen et al., 2006), or 

a methodology to understand and measure the eco-efficiency in extended supply chains 

(Michelsen et al., 2006). However, with the ongoing development of design for sustainability 

and furniture design research, numerous new insights have emerged. These include updated 

Life Cycle Design guidelines (Vezzoli, 2018), new furniture cases such as Orangebox 

(Orangebox, 2019), and insights from furniture companies, such as (D. Ewen, personal 

communication, 2022). In light of these developments, there is a pressing need to establish a 

new, comprehensive, and furniture-specific Life Cycle Design (LCD) knowledge base and 
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know-how that are developed to be universally applicable and adaptable for all furniture 

categories and practitioners. 

Emotionally durable design 

Emotionally Durable Design is a call to propose the emergence of a new genre of 

sustainable design that reduces consumption and waste by increasing the durability of 

relationships established between users and products (Chapman, 2012). Emotionally Durable 

Design is a paradigm that focus on increasing resource productivity and reducing waste by 

extending the lifespan of products (Chapman, 2005). To support the designer engaging in 

emotionally durable design, a six-point experiential framework was developed comprising 

narrative, detachment, surface, attachment, exploration, and consciousness (Chapman, 2009). 

In addition, four main determinants of the detailed design of product meanings have been 

identified as factors that can enhance product attachment: Self-expression, Group affiliation, 

Memories, and Pleasure (Mugge, 2007). 

In the context of the furniture industry, many furniture products become obsolete for 

various reasons, including office relocations, inadequate furniture following renovations, 

office expansions, changes in interior or corporate design, among others. As a result, 

perfectly functional furniture is often discarded early. In fact, approximately 10 million tons 

of furniture are discarded by businesses and consumers in EU Member States each year, with 

the majority of it ending up in landfills or incineration (Forrest et al., 2017). This presents an 

opportunity for furniture product design to apply the emotionally durable design approach. 

However, the emotionally durable design approach does have its limitations. It can be 

challenging to effectively stimulate product attachment since it is a personal, subjective, 

culturally and socially dependent phenomenon (Ceschin & Gaziulusoy, 2019). Additionally, 

manufacturers may be reluctant to adopt product attachment strategies, fearing that this could 

slow down the replacement rate of products and potentially reduce sales (Mugge et al., 2005). 
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These problems can be addressed by furniture product life cycle design and furniture 

Product-service system design. 

Design for sustainable behavior 

Design for Sustainable Behavior (DfSB) is an emerging field within sustainable 

design, focused on reducing the environmental and social impact of products by moderating 

how users interact with them (Bhamra et al., 2011). Tromp introduced four different types of 

influence on user experiences, namely, coercive, decisive, persuasive, and seductive (Tromp 

et al., 2011). Bhamra proposed 7 design intervention strategies to facilitate sustainable 

behavior, including Eco-Information (design-oriented education), Eco-Choice (design-

oriented empowerment), Eco-feedback (design-oriented links to environmentally or socially 

responsible action), Eco-spur (design-oriented rewarding incentive and penalty), Eco-steer 

(design-oriented affordances and constraints), Eco-technical intervention (design-oriented 

technical intervention) and Clever design (Bhamra et al., 2011). 

Design for Sustainable Behavior (DfSB) can be achieved through product-level or 

system-level innovations. Here, the statement emphasizes sustainable behavior design 

through product innovation. In this context, DfSB complements other product-related 

approaches by concentrating on how users interact with products during the use stage, 

addressing a limitation often overlooked by other approaches. However, DfSB faces 

challenges and limitations. One significant challenge is the difficulty of designing the extent 

of behavior change without crossing ethical boundaries and manipulating people's behavior 

(Bhamra et al., 2011; Pettersen & Boks, 2008). Another challenge is the lack of empirical 

data that quantifies the potential improvements achieved through DfSB, both in theoretical 

and practical dimensions (Bhamra et al., 2011). Additionally, there are uncertainties related to 

environmental trade-offs; implementing DfSB strategies may require additional resources 
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(such as materials or energy), potentially leading to unintended higher environmental impacts 

(Wever et al., 2010). 

In the context of the furniture sector, the application of DfSB is relatively limited. 

This limitation stems from the fact that DfSB primarily influences the use stage of products, 

which is especially relevant for energy-consuming products like electric home appliances and 

vehicles. In contrast, the use phase of furniture typically consumes relatively little energy and 

has a lower environmental impact compared to other stages (see chapter 5.1.6). There have 

been limited instances of DfSB application in the furniture sector, with one notable example 

being its use in street furniture, which extends the scope of furniture to include energy-

consuming street facilities (Allameh & Heidari, 2020). 

Regenerative design  

In 1996, John Tillman Lyle published “Regenerative Design for Sustainable 

Development”, the first comprehensive articulation and handbook for the concept of 

regenerative design (Mang & Reed, 2012). Regenerative Design represents a system of 

technologies and strategies grounded in a profound comprehension of the inner workings of 

ecosystems. This approach seeks to formulate designs to regenerate rather than deplete the 

fundamental life support systems and resources within socio-ecological wholes (Mang & 

Reed, 2012). Researchers argue that green design merely mitigates the pace of environmental 

degradation. Designers are progressively recognizing the necessity for design practices to go 

beyond the principle of causing no harm; they must actively initiate regenerative processes to 

counteract the deterioration caused by previous practices (Dias, 2015).  

Regenerative design seeks to integrate nature, architecture, and human interactions. 

While green and sustainable design aims to mitigate our impacts through operation and 

maintenance, it is imperative for sustaining life that we actively engage in the restoration and 

regeneration of the living systems. Ray Cole articulated several key implications of a 
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regenerative approach to the built environment (Mang & Reed, 2012): (1) Regenerative 

design redefines the role of design by considering it as the act of "designing the 'capability' of 

the constructed world to support the positive co-evolution of human and natural systems." It 

shifts the focus away from designing "things" like buildings and infrastructure and instead 

emphasizes designing for sustainable patterns of living. (2) Regenerative design underscores 

the importance of buildings in actively supporting both human and natural processes rather 

than viewing them as mere products. (3) Regenerative design positions buildings as integral 

components within larger systems, contributing to the creation of higher levels of order, 

increased variety, and complexity. (4) Regenerative design acknowledges that buildings are 

interconnected within a larger system, shifting the emphasis from individual building-level 

energy self-reliance to opportunities for fostering positive connections and creative synergies 

with neighboring buildings and the surrounding natural environment. 

In general, regenerative design encompasses four distinct levels or scopes: (1) 

Biomimetic which draws inspiration from nature's design principles, embracing approaches 

such as Cradle to Cradle and Biomimicry. (2) Biophilia incorporates natural elements and 

features to nurture a deep affinity for nature and obtain its positive impact on human well-

being. (3) Restorative aims to re-establish the self-organizing and evolving capacity of 

natural systems. (4) Regenerative-level design recognizes that humans are an integral part of 

nature and holds the potential for evolving in harmony with the broader ecosystem, 

acknowledging the interconnectedness of all life forms (Mang & Reed, 2012).  

Currently, there is no existing literature specifically addressing the intersection of 

"FURNITURE" and "REGENERAT*." However, there are identifiable links between 

furniture and cradle-to-cradle (CTC) design principles that promote sustainability. Before 

exploring its potential role within the larger regenerative design framework, it is crucial to 

primarily focus on understanding and resolving the environmental impact of furniture. 
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Cradle-to-cradle design 

Cradle-to-cradle (CTC) design is rooted in the concept of mimicking the closed-loop 

nutrient cycles found in nature, where there is no waste. In this approach, materials are 

categorized into two types: biological nutrients, which can be safely returned to nature after 

use, and technical nutrients, which circulate within industrial systems in closed-loop cycles, 

involving production, recovery, and remanufacture (McDonough & Braungart, 2003). To 

adhere to the fundamental principles of CTC, which include the ideas that waste should be 

viewed as a resource, that eco-effectiveness should be prioritized, and that diversity should be 

respected, it becomes essential to consider the design of various elements across all scales of 

the built environment. This encompasses compounds, materials, products, industrial facilities, 

and even entire cities, and how they relate to one another within the techno-, socio-, and 

ecospheres (Ceschin & Gaziulusoy, 2019). Indeed, the Cradle-to-Cradle (CTC) concept 

presents an inspiring vision with a strong emphasis on regenerative processes, non-human 

species, and future generations at a rhetorical level.  

However, it faces technical challenges and practical limitations (Gaziulusoy, 2015). 

Currently, it is not technically feasible to make biological or technical nutrients circulate 

indefinitely without incurring energy losses, quality degradation, and quantity reduction. This 

underscores that CTC primarily represents a shift from a waste-centric paradigm to a 

resource-centric one, with a primary focus on end-of-life treatment, often neglecting other 

critical life cycle stages and the interactions with other artifacts.  

In the context of furniture, the significant environmental impact often occurs in the 

pre-production stage, followed by production, distribution, and end-of-life, which is also 

proved by the Life Cycle Assessment of 25 furniture pieces (chapter 5.1). Focusing solely on 

the end-of-life stage is insufficient to achieve sustainability given current technological 
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constraints. A holistic approach that addresses all stages of the furniture life cycle, along with 

advancements in technology, is essential to work towards sustainability in the furniture 

industry. 

2.2.3 System Design for environmental-economic sustainability 

Systemic design 

Systemic Design, born from the integration of systemic thinking with the discipline of 

Design, applies a holistic approach to the design of products, services, and systems (Jones, 

2014) while supporting active collaboration among different stakeholders (Giraldo Nohra et 

al., 2020). In other words, the systemic design (SD) approach seeks to create not just 

industrial products but complex industrial systems. It aims to implement sustainably 

productive systems where material and energy flows are carefully planned, ensuring that 

waste from one process becomes a resource for other processes, thus preventing 

environmental release of waste (Barbero & Toso, 2010). There are five main principles as the 

basis of this approach: Output (waste) becomes an input (resource); Relations generate the 

system; The system is self-generating; Actions are local; The human being is at the center of 

the project (Bistagnino, 2011). Systemic Design intends to develop methodologies and 

approaches that help to integrate systems thinking with design towards sustainability at the 

environmental, social and economic levels (Lu et al., 2022). The solutions involve and 

interlink elements of the biosphere (e.g. natural resources), sociosphere (e.g. local knowledge 

and practices) and technosphere (e.g. material and energy flows) (Ceschin & Gaziulusoy, 

2019). As explained by Jones (2014), Design as a discipline has evolved over time, 

increasingly broadening its domain and scope, thus moving from design for producing 

artefacts to design that deals with complex social transformations. This approach shares 
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common elements with Cradle-to-Cradle (CTC) Design, regenerative design, eco-design (or 

LCD) and Product-Service System Design. 

When addressing the environmental impact of the furniture sector, the Systemic 

Design approach is highly relevant. Actually, it is crucial to consider not only the material 

and energy flows but also the entire life cycle and the broader consumption system. This 

holistic perspective recognizes that achieving sustainability in the furniture sector involves 

Life Cycle Design and Product-Service System (PSS) design for sustainability which are the 

focus of this research. 

Product–Service System Design for Sustainability (S.PSSD) 

Product–Service System Design for Sustainability (S.PSSD) is defined as “an offering 

model that provides an integrated mix of products and services that are together able to fulfil 

a particular customer demand (delivering a “unit of satisfaction”), based on innovative 

interactions among the stakeholders within the value production system (satisfaction system), 

where the products’ ownership and/or the life cycle service costs/responsibilities remain with 

the provider/s, so that the same provider/s, driven by economic interests, to continually seek/s 

environmentally and/or socio-ethically beneficial new solutions” (Vezzoli et al., 2021b). 

S.PSSD expands the traditional design focus beyond the product itself to the "satisfaction 

unit," broadens the scope of innovation beyond technological aspects to encompass 

configurations of stakeholder and extends the benefits of sustainability from individual 

products to the entire system. Consequently, it has the potential to create a win-win scenario 

by delivering solutions that are both economically competitive and environmentally and 

socially beneficial.  

The implementation of Product-Service System Design for Sustainability (S.PSSD) 

requires collaboration among various stakeholders. Governments play a pivotal role in 

promoting and facilitating the adoption of S.PSS. They must define and implement policies 
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and regulatory measures that encourage and spread S.PSS practices within their respective 

regions. Designers and developers are responsible for creating functional S.PSSs that offer 

both economic and environmental benefits. However, there is often a lack of knowledge and 

expertise in S.PSS design and development among designers and professionals. Developing 

this expertise necessitates a new generation of professionals capable of conducting complex 

system-level research and innovation. Companies and organizations are also highly 

significant stakeholders. The adoption of S.PSS often demands a fundamental cultural shift 

within the organization, involving changes in business models and corporate mindset. 

Companies must incorporate new skills and competencies to effectively implement S.PSS 

solutions. Furthermore, S.PSS entails medium to long-term investments, which can 

sometimes conflict with short-term profits generated at the point of sale. This discrepancy can 

result in uncertainties about cash flows and financial sustainability. Another critical 

stakeholder group consists of the end-users. In industrialized contexts, there is a need for a 

cultural shift to embrace behavioral changes. This includes transitioning from ownership-

based consumption to a consumption model based on access and sharing. Additionally, many 

users lack knowledge about life cycle costs, making it challenging for them to grasp the 

economic advantages of ownerless-based solutions. This shift in consumer behavior often 

requires a well-planned transition path. 

In the furniture sector, Product-Service Systems (PSS) hold significant potential for 

reducing the environmental impact of furniture production and consumption system. There 

are several key advantages to implementing furniture S.PSS: (1) PSS has the potential to 

close the material cycle by enabling the return of furniture from customers to manufacturers. 

This facilitates remanufacturing, updating, and reusing of furniture components, reducing the 

demand for new raw materials and minimizing waste (Besch, 2005). (2) PSS promotes 

strategic partnerships. Collaborative relationships between furniture manufacturers, suppliers, 
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customers, supporting institutions, and other stakeholders can promote the development of a 

culture focused on value-added products in the furniture industry (Schuler, 2003). (3) PSS 

can strengthen the relationship between furniture enterprises and consumers (Aurich et al., 

2010). Information collected from consumers can be leveraged to develop new systems that 

enhance product performance and increase the competitiveness of enterprises (Sundin et al., 

2009). (4) PSS relieves consumers of the responsibility for life cycle services like 

maintenance, and product end of life treatments (Beuren et al., 2013). (5) PSS facilitates 

servitization and resource productivity. Servitization offers access to a functional 

dematerialized future that is achievable in the long run, as well as opportunities to increase 

resource productivity in the short run (Cook et al., 2006). 

Despite the significant sustainability benefits that PSS can bring to the furniture 

sector, current applications often prioritize new business opportunities and economic benefits. 

Governments are facilitating the adoption of S.PSS. Within the European Union, several 

regulations promote the application of S.PSS. For instance, the Circular Economy Action 

Plan recommends "incentivizing product-as-a-service or other models in which producers 

retain ownership of the product or responsibility for its performance throughout its life cycle" 

(European Commission, 2020). However, for furniture system designers and developers, the 

knowledge base and expertise for implementing Furniture Product-Service System Design 

(S.PSSD) are still in the early stages of development. Realizing the full potential of PSS in 

the furniture industry will require a collective effort to promote sustainability alongside 

economic gains and further advance the necessary expertise in S.PSSD. This aspect is another 

focal point of the study in addition to furniture Life Cycle Design. 
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2.2.4 System design for environmental-social-economic sustainability 

In the latter half of the 2000s, in alignment with the principles advocated by Papanek 

(1972), an increasing number of design researchers began to shift their focus towards the 

social dimensions of sustainability. The following paragraphs introduce three key approaches 

that promote social-ethical sustainability, discuss their main characteristics, their relevance to 

the furniture sector, and explore the potential role of furniture in these processes. 

Design for Social Innovation (DfSI) encompasses a wide range of design activities 

aimed at addressing societal challenges and fostering positive social change (Chick, 2012; 

Tracey & Stott, 2017). These activities include the design of products, services, strategies, 

ideas, new organizational forms, and even social movements. DfSI is not limited to any 

specific design field but draws from various design approaches, such as product design, 

participatory design, collaborative design, strategic design, service design, urban design, and 

game design (Chick, 2012; Selloni & Corubolo, 2017; C.-F. Yang & Sung, 2016). It involves 

problem-framing, research, and solution-development methodologies commonly used in 

these fields.  

Design for the Base of the Pyramid (BoP) involves the creation and development of 

products and services specifically tailored for low-income individuals and communities 

(Ceschin & Gaziulusoy, 2019; Jagtap & Kandachar, 2011).This concept has evolved from 

initially targeting BoP as consumers to recognizing their potential as producers and business 

partners. Moreover, the focus of design solutions for BoP has shifted from mere products and 

services to broader social innovations. During this transition, various design approaches have 

demonstrated their synergy, including Sustainable Product-Service System Design (S.PSSD) 

and the distributed economy. “PSS innovations, in particular, can serve as business 

opportunities that promote social-economic development in emerging and low-income 

contexts. They offer a way to shift from individual consumption and ownership of mass-
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produced goods to a "satisfaction-based" and resource-efficient advanced service 

economy”(UNEP, 2002). 

Design for sustainability transitions (DfST) goes beyond merely influencing 

technological innovations; it encompasses social, institutional, and organizational innovations 

as well (Vergragt & van Grootveld, 1994; Weaver et al., 2017). DfST incorporates elements 

of S.PSS, which seeks to reshape production-consumption systems through innovative 

business models, as well as design for social innovation, aiming to facilitate social change 

independently of technological determinants. More recently, DfST has extended its focus to 

urban areas, as evidenced in works by Ryan (Ryan, 2013; Ryan et al., 2016). The outcomes 

of DfST efforts encompass a wide range of design domains, including but not limited to 

product design, service design, city design, and policy design. 

This pluralistic approach guides us towards a more nuanced sustainable design 

culture, where critical discussions unpack, question, and explore new approaches to 

addressing sustainability challenges through design (Chapman, 2009). 

For furniture, there is potential for the furniture sector to contribute to social 

innovation by collaborating with other sectors and stakeholders. For instance, to reduce 

Egypt's reliance on imported wood and create employment opportunities for highly 

marginalized and impoverished rural communities, Professor Hamed El-Mously from Ain 

Shams University initiated a project of making wood and furniture from locally abundant and 

renewable resources, specifically palm midribs, in collaboration with local entrepreneurs and 

residents. This project holds promise not only for enhancing knowledge and skills in the local 

rural community but also for improving the income of the local population (El-Mously, 

2018).  
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Specifically, when furniture is incorporated into a Product-Service System, there is an 

opportunity to bring about socio-ethical benefits such as enhancing local economies, 

improving access to furniture, and preventing interruptions in furniture usage (Vezzoli et al., 

2021b). Furniture S.PSS can provide affordable access to quality furniture for low-income 

individuals or start-ups through models like pay-per-period. Additionally, involving furniture 

businesses in underdeveloped areas has the potential to create economic opportunities for 

local residents by utilizing local resources. However, there is a broader scope of social 

sustainability goals, including those related to poverty reduction, eliminating hunger, 

promoting good health and well-being, and ensuring quality education, among others (United 

Nations, 2023), where furniture plays a more limited role.  

2.3 Design for sustainability method, tools and the relevance for 

the furniture sector 

This chapter presents the research on Design for Sustainable (DfS) methods and tools 

with a systematic literature review of 58 articles and books published between 2012 and 

2022, as well as desk research encompassing 29 institutes’ websites and publications. The 

aim was to understand the existence of various DfS tools, their potential application in the 

furniture sector, and to identify gaps in DfS tools for the furniture system. I conducted an 

exploration of ten DfS approaches and their potential application in the furniture sector. For 

each sustainable design method, I delved into the design process, its aims and steps of each 

design process, and the expected outcomes upon using the method. In the case of tools, I 

investigated the following aspects: (a) General Information: This covered the aim and 

contents of the tool, the procedure for utilizing it, tool availability, necessary resources, form, 

developer, and other relevant details; (b) Tool functions and type; (c) Tool Integration in the 

Design Process: All tools were analyzed for their integration within two design methods, the 
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Method for Product Design for Sustainability (MPDS) and the Method for System Design for 

Sustainability (MSDS). (d) Potential Application in the Furniture Sector: I assessed the 

potential applicability of these tools in the context of the furniture sector. As a result, this 

chapter provides a comprehensive comparison of two sustainable design methods, as well as 

120 existing DfS tools that are categorized based on their functions and levels of innovation. 

2.3.1 Method 

Literature Review 

The literature review process involved a systematic selection of publications based on 

the following integrated criteria: (1) Chronological Order: Publications between 2012 and 

2022 were considered. (2) Topic of Interest: Publications related to tools for Design for 

Sustainability were selected. (3) Type of Publications: The review included literature 

reviews, case studies, and introductions to tool development. 

The literature review was conducted using Web of Science, Scopus, Google Scholar, 

and the Polimi online library. The search employed keywords such as 'Design for 

sustainability,' 'eco-design,' 'design for the environment,' 'life cycle design,' 'sustainable 

product-service system design,' 'circular economy,' 'furniture design,' and 'tool.' Duplicate 

papers across different databases were eliminated, resulting in a total of 109 papers and 

books. The initial selection was made based on the content of abstracts to assess relevance, 

ultimately leading to 58 publications chosen as the main focus of the review. 

Desk Research 

In parallel with the literature review, desk research on DfS tools was carried out with 

specific criteria: (1) Topic of Interest: Focusing on DfS tools. (2) Type of Institutions: 

Including academic institutions and consultancy institutions, as well as projects related to 

DfS. 
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The desk research was performed using Google Chrome, employing keywords similar 

to those used in the literature review. A total of 28 institutions and projects related to DfS 

were identified. The official websites and publications of these entities served as primary 

references for the analysis. 

Tools Analyze and Description 

For an in-depth understanding of each tool, the study described the following aspects 

of each tool: (1) Aim/Goals/Function and Content; (2) Detailed Procedure for Using the Tool; 

(3) Integration in the Design Process; (4) Expected Outcomes from the Tool; (5) Availability 

and Necessary Resources; (6) Form; (7) Developer(s); (8) Sources of Tools. 

2.3.2 Methods on Design for sustainability  

The Method for Product Design for Sustainability (MPDS) (product design method) 

(Vezzoli, 2018) and the Method for System Design for Sustainability (MSDS) (product-

service system design method) (Vezzoli et al., 2021b) are reliable methods that were 

developed and improved over many years within the context of European research projects 

and practical applications. These methods align with international standards and are 

introduced comprehensively in this research. 

MPDS was originally developed by the Design and System Innovation for 

Sustainability (DIS) research unit of the Design Department at Politecnico di Milano, 

resulting from over 20 years of research, educational activities, and consulting work for 

companies, public institutions, and trade associations (Vezzoli, 2018). The method aligns 

with the UNI ISO/TR 14062:2007 standard, which addresses the integration of environmental 

aspects into product design and development. In contrast, MSDS was developed and 

enhanced through the participation in three European Union-funded research projects 

spanning from 2007 to 2019, along with consulting experiences. This method is designed to 
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guide and shape the entire process of system innovation development toward sustainable 

solutions. Both MPDS and MSDS are reliable methods that can provide guidance for 

achieving sustainable solutions. 

Both MPDS and MSDS are designed to cater to a broad spectrum of users, including 

designers working in studios, companies, or organizations. These methods are modular and 

flexible, making them adaptable to the specific needs of individual designers and firms and 

enabling their application in various project contexts. The modular structure is particularly 

advantageous in several aspects: (1) Procedural Phases: The methods are organized into 

phases and related processes. Users can choose to undertake all phases or select specific 

phases based on the project's unique requirements. (2) Tools Selection: Accompanying the 

methods are a range of tools. Designers have the flexibility to select and deploy these tools 

during the design process according to the project's needs. (3) Integration of Other Tools and 

Activities: The methods are structured to allow the integration of design tools not specifically 

developed for them. This flexibility enables the modification of existing activities or the 

addition of new ones to address specific aspects of the design project. (4) Dimensions of 

Sustainability (specifically for the MSDS): The MSDS considers multiple dimensions of 

sustainability, encompassing environmental, socio-ethical, and economic aspects. Users can 

opt to focus on environmental or socio-ethical dimensions, or a combination of both, with 

economic aspects automatically integrated. 

The MPDS method is intended to support design processes for developing sustainable 

products. The method can be tailored to specific design requirements and integrated into 

existing design workflows. It comprises four main phases, each with its unique purpose: (1) 

Strategic Analysis: This phase involves evaluating critical areas and Life Cycle Design 

(LCD) strategies with the highest potential for reducing environmental impact related to the 

product under consideration. (2) Concept Design: During this phase, the focus is on guiding 
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the generation of design concepts toward environmentally sustainable solutions compared to 

existing products. (3) Product Design (and Engineering): In this stage, the emphasis is on 

steering the detailed design of the project toward environmentally sustainable solutions 

compared to existing products. (4) Communication: The final phase centers on effectively 

communicating the product's features and highlighting aspects related to its environmental 

sustainability. The processes and objectives of each phase in the MPDS method, as they 

relate to different stages of the design process, are detailed in Figure 3. 

  

Figure 3 The MPDS method phases, processes and objectives (Vezzoli, 2018) 

The MSDS method is designed to facilitate design processes for the development of 

Sustainable Product-Service Systems (S.PSS). The method can be adapted to specific design 

requirements and integrated into existing design workflows. It consists of five main phases, 

each serving a distinct purpose: (1) Strategic Analysis: This phase aims to gather essential 

information to facilitate the generation of sustainable system innovation ideas. (2) Exploring 
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Opportunities: In this stage, the focus is on creating a catalog of promising strategic 

possibilities, essentially forming a sustainability-oriented scenario or a set of system ideas 

with a strong sustainability potential. (3) System Concept Design: This phase is dedicated to 

developing one or more system concepts that prioritize sustainability. (4) System Detailed 

Design: The most promising system concept is refined into a detailed version that is ready for 

implementation. (5) Communication: The final phase involves preparing reports that 

effectively communicate the system's general characteristics, particularly those related to 

sustainability. The processes and objectives of each phase within the MSDS method, in 

relation to various stages of the design process, are outlined in Figure 4. 

 

Figure 4 The MSDS method phases, processes and objectives (Vezzoli et al., 2021b) 
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2.3.3 Tools for Design for Sustainability 

With the advancement of Design for Sustainability (DfS), numerous tools within the 

DfS domain have been introduced (Elena Windolph et al., 2014). Simultaneously, as the field 

witnesses the rapid increase of DfS tools, users frequently encounter increased uncertainty 

and a deficiency in the necessary knowledge base and competencies needed to select the 

appropriate tools for specific situations. 

A comprehensive analysis was conducted on 120 tools originating from 29 different 

institutions and 58 publications. These tools, specifically tailored for promoting sustainable 

design, can be classified into two primary categories. The first category comprises tools 

intended for product design for sustainability, while the second category encompasses tools 

geared towards Product-Service System (PSS) or service design for sustainability, as 

illustrated in Figure 5. 

Within the first category, tools for product design for sustainability can be further 

subdivided into two main types: (1) tools for environmental assessment, encompassing both 

quantitative and qualitative evaluation tools, and (2) orientation tools for the generation of 

environmentally sustainable solutions (Vezzoli, 2018). This paper goes on to categorize 

orientation tools as follows: (2.1) Dedicated tools for specific environmental performance 

aspects, such as tools for material selection, minimizing the use of toxic or harmful materials, 

designing for recyclability, enabling disassembly and remanufacturing, and adhering to 

sustainable regulations, policies, and standards. (2.2) Tools for comprehensive Life Cycle 

Design (LCD) of products. (2.3) Tools tailored for specific product types, industries, or 

sectors, such as those used in aircraft or electric facilities. (2.4) Tools for describing, 

organizing, and documenting the design process, such as design briefs. 
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For the second category, tools for PSS/service design for sustainability could be 

further classified as (1) tools for sustainability evaluation including qualitative check for one 

solution/concept or comparison among different solutions/concepts, and (2) orientation tools 

including design tools, description tools and specific tools for certain types of 

PSS/firm/sector. 

 

Figure 5 Classification of DfS tools, image adapted from (Charter & Tischner, 2001; Vezzoli, 2018) and with 

new findings within this study 

2.3.4 Tools for Sustainable Furniture System Design 

Among all the investigated tools, some are specifically developed for furniture, while 

some are general but applicable to furniture. Although I have identified certain general tools 

that can be utilized in furniture design, there are gaps in the furniture design process.  On the 

product level, there is a lack of qualitative environmental evaluation tools tailored for 

furniture products and furniture-specific Life Cycle Design (LCD) tools, see  

Table 4. On the Product-Service System (PSS) level, there is a lack of qualitative 

environmental evaluation tools and Sustainable PSS design tools tailored for furniture 

systems, see Table 5. 
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Table 4 The existing tool applicable to furniture product Life Cycle Design and the gaps 

Categories  Sub-categories Tools 

Tools for furniture 

product environmental 

evaluation 

Complete LCA tools Annex 7_table 2 

Simplified evaluation tools Annex 7_table 3 and table 4 

Qualitative Environmental Evaluation Tools gap 

Tools for furniture 

product orientation 

Dedicated tools for specific environmental 

performance 

Annex 7_table 9 

Life Cycle Design (LCD) Tools gap 

Tools for description Annex 7_table 12 

Table 5 The existing tools for /applicable to furniture S.PSS design and the gaps 

Categories  Sub-categories Tools 

Tools for Sustainable 

furniture PSS 

Evaluation 

Complete LCA tools  Annex 7_table 2 

Qualitative Evaluation Tools for furniture gap 

Tools for Sustainable 

furniture PSS design 

SPSS Design Tools for furniture gap 

System Description Tools See Annex 7 table 16 

 

  



 

74 

Chapter 3 The research scope and research questions 

Building upon the findings from the first two chapters, this research has established 

the scope of investigation based on three key aspects: Definition of Furniture, Sustainable 

Dimensions and Design for Sustainability approaches adopted in this PhD work. 

Sustainable Dimensions considered by this research 

Research that comprehensively evaluates sustainability within the furniture industry, 

considering the Triple Bottom Line, remains limited in availability (Feil et al., 2022; Hartini 

et al., 2020). In a specific study that assessed the sustainability of micro- and small-sized 

furniture companies in Brazil, the findings revealed that enhancing sustainability primarily 

requires a concentrated effort on improving critical environmental aspects, rather than 

diverting focus to areas such as social and economic factors. This improvement was 

suggested to be achievable through the development of a strategic planning framework with 

predefined objectives aimed at elevating the sustainability level (Feil et al., 2022).  

The research draws upon data from Chapter 1, which underscores the significant 

environmental impact stemming from both the life cycle of furniture and the furniture 

production and consumption system. Consequently, the need for environmental 

improvements within the furniture sector is pressing. It is essential to recognize that while 

environmental improvements are crucial, they should not come at the expense of the 

economic benefits of stakeholders operating within the furniture system. Therefore, the 

research scope is designed to encompass both the environmental and economic dimensions, 

ensuring a holistic approach to sustainability within the furniture industry. 
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The adopted design for sustainability approaches 

Having examined a range of Design for Sustainability approaches and their 

applicability to the furniture sector, this study has recognized significant potential for 

promoting sustainable furniture system development. These opportunities manifest at both 

the product and Product-Service System levels. On the product level, the application of the 

Life Cycle Design (LCD) approach proves to be highly effective in enhancing the 

sustainability of individual furniture products. On the broader production and consumption 

system level, the furniture system can greatly benefit from the adoption of the Sustainable 

Product-Service System Design (S.PSSD) approach, as illustrated in Figure 6. By addressing 

sustainability considerations at both these levels, the research aims to contribute to a more 

environmentally and economically sustainable furniture system. 

 

Figure 6 The potential of design for promoting sustainable furniture system development 

Moreover, the European Union, as outlined in the Circular Economy action plan, 

recognizes the pivotal role of design in steering product-level innovation. It emphasizes that 

as much as 80% of a product's environmental impacts are determined during the design 

phase. Importantly, the EU also acknowledges that environmental concerns extend beyond 

the product itself. The action plan recommends incentivizing models such as product-as-a-
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service or others where producers retain ownership of the product or responsibility for its 

performance throughout its life cycle (European Commission, 2020). This concept aligns 

with the "win-win offer model" or "business model" known as Sustainable Product-Service 

System (SPSS), a subject that has been under study since the late 1990s, as illustrated in 

Figure 7. 

 
Figure 7 The rationale of design intervention on both product and Product-Service System levels  (European 

Commission, 2020) 

In summary, this research endeavors to address the environmental impact within the 

furniture sector while concurrently taking into account economic sustainability. It achieves 

this by delving into the application of Design for Sustainability (DfS) approaches in the 

furniture system. The research's primary goal is to tackle environmental challenges from both 

the lifecycle of furniture products and the broader furniture production and consumption 

system. To accomplish this, it employs two key DfS approaches, namely Life Cycle Design 

(LCD) and Sustainable Product-Service System Design (S.PSSD). Through this dual 

approach, the research aims to promote environmental sustainability without compromising 

the economic benefits of stakeholders in the furniture industry. 
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Figure 8 The scope of the research 

Research questions 

According to the former considerations, the main research questions for this research 

are: 

RQ1: What are the framework and characteristics of environmentally Sustainable 

Furniture Systems? 

RQ1.1 What are the innovation requirements and characteristics of environmentally 

sustainable furniture products (product level)? 

RQ1.2 What are the characteristics of environmentally and economically sustainable 

win-win furniture Product-Service Systems (PSS level)? 

RQ2: What new knowledge is needed to design environmentally Sustainable 

Furniture Systems? 

RQ2.1 What new competencies, skills, methods, and tools are needed for 

environmentally sustainable furniture Life Cycle Design (product level)? 

RQ2.2 What new competencies, skills, methods, and tools are needed for 

environmentally Sustainable furniture Product-Service System Design (PSS level)?  
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Chapter 4 Research Methodology 

This chapter presents the roadmap to address the research questions for this research. 

It describes elements for the research design of the paradigm, approach, purpose, strategy, 

methodology, and the rationale of this roadmap. It clarifies how this design research is 

designed. 

“Research design is the logic that links the data to be collected and the conclusions to be drawn to the initial 

questions of a study.” 

(Yin, 1994). 

4.1 Research paradigm 

Research paradigm is a worldview that guides researchers or investigators in choosing 

methods in ontologically and epistemologically fundamental ways (Guba & Lincoln, 1994). 

This research follows the constructivism paradigm, with the idea that there is a reality of 

sustainable furniture systems which are composed of furniture products and Product-Service 

systems with identifiable properties. The research constructs the truth (knowledge) of 

sustainable furniture systems and facilitates the final application of these knowledge in the 

practical furniture system, in collaboration with experts from the design for sustainability 

community and furniture practitioners. 

Ontologically, this research assumes that the knowledge base and know-how of the 

Sustainable Furniture System can be constructed through the PhD researcher with experts’ 

lived experiences and interactions with other practitioners within the furniture system. The 

PHD candidate facilitated all subject-involved research activities (interviews/ workshops/ 

focus groups with experts/designers) to ensure the knowledge produced is reflective of 

reality. Another stance is the results from broadly contextualized research methods may 

prove too global and abstract to be useful in many settings (Cobb, 2001; Cobb et al., 2003; E. 
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Baumgartner & Bell, 2002), so furniture-specific DfS knowledge base and know-how are 

necessary to make the design efficient and effective. 

Epistemologically, this research on developing knowledge base and know-how for 

Sustainable Furniture System Design is simultaneously empirical, intersubjective, and 

process oriented. Along the research process, the data generated by experts or practitioners 

from research activities like interviews always contain our lived experiences. Paradigmatic 

strands of research are fluid and keep altering and enlarging. In other words, the boundaries 

between paradigms are shifting (Denzin & Lincoln, 2018). This research also admits the 

critical subjectivity and four ways of knowing: experiential, presentational, propositional, and 

practical, which are the paradigm of participatory. 

This paragraph introduces some practical issues of this research related to its 

paradigm. The research aims are twofold. Firstly, this research aims to develop specific 

knowledge, including conceptual framework, data, approaches, guidelines, methods, and 

tools, of Sustainable Furniture System Design (obtained from the joint 

construction/reconstruction of lived experiences of the researcher with other experts, 

practitioners; second, such knowledge of Sustainable Furniture System Design is sought to 

inform praxis (improved practice). To ensure the quality of this research, which encompasses 

the credibility, transferability, dependability, and confirmability of the results, the study 

incorporates expertise from both academic and practical experts spanning interdisciplinary 

fields such as design for sustainability and furniture design. Knowledge from diverse sources, 

including literature, reports, furniture companies, and design studios are gathered. 

Additionally, evaluations involve various stakeholders and undergo iterative improvement 

processes. The PhD candidate plays the role of a passionate participant and facilitator of 

multi-voice reconstruction and attempts to gain increased knowledge regarding the 

sustainable furniture system by interpreting different stakeholders’ perceptions and 



 

80 

experiences about the topic. This is to say that data produced on this research topic do not 

have to be from a common unit, and multiple forms of data are generated. This research 

paradigm has some commensurability with the participatory paradigm. 

Methodology is an important element of the paradigm. However, it is also a complex 

issue to be considered. Chapter 4.3 demonstrates the methodology of this research in detail. 

4.2 Research purposes, strategies, and approaches 

4.2.1 Research purposes 

The dominant purpose of this PhD research is exploration. Overall, the research aims 

to find out the knowledge base (in the form of theoretical framework, data, approaches, 

guidelines, etc.) and know-how (in the form of methods, and tools) for Sustainable Furniture 

System Design, specifically for furniture Life Cycle Design (LCD) and Sustainable furniture 

Product-Service System Design (PSSD), which have not been comprehensively understood. 

Although general LCD and S.PSSD knowledge (for example, general guidelines) have been 

developed, it is not said that they are efficient or even proper for specific product sectors, in 

this case, furniture. To be effective in a specific context,  knowledge base, and know-how 

should inspire and indicate design decisions and solutions that have the major potential to be 

sustainable as precisely as possible; they should “provide specific advice and strategies on 

how to reduce impacts” (Vezzoli & Sciama, 2006).  

More than one purpose can be associated for the same study, with one normally 

dominating a particular study (Neuman, 2014). For this PhD research, exploratory activities 

dominate the direction and main outcomes, with some descriptive purposes pursued 

throughout the whole research process.  
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Table 6 Research questions and objectives 

Research Questions Research objectives 

RQ1: What are the framework and 

characteristics of environmentally Sustainable 

Furniture Systems? 

To provide a comprehensive framework of sustainable 

furniture systems 

RQ1.1 What are the innovation requirements 

and characteristics of environmentally 

sustainable furniture products (product level)? 

to explore furniture products’ life cycle profile 

(activities and environmental impact) 

to identify design interventions for environmentally 

sustainable furniture products  

RQ1.2 What are the characteristics of 

environmentally and economically sustainable 

win-win furniture Product-Service Systems 

(PSS level)? 

to explore furniture system’s environmental impact  

to explore furniture PSS’s profile, and characteristics 

to develop an archetypal furniture S.PSS map 

RQ2: What new knowledge is needed to 

design environmentally Sustainable Furniture 

Systems? 

to develop guidelines, methods and tools for 

Sustainable Furniture System Design 

RQ2.1 What new competencies, skills, 

methods, and tools are needed for 

environmentally sustainable furniture Life 

Cycle Design (product level)? 

RQ2.2 What new competencies, skills, 

methods, and tools are needed for 

environmentally Sustainable furniture 

Product-Service System Design (PSS level)?  

to develop furniture-specific system design guidelines 

(including furniture LCD and furniture S.PSSD) 

to develop furniture system design method and tools 

4.2.2 Research design strategies 

This PhD research dominantly follows the qualitative research approach (Creswell, 

2009) and applies the flexible design strategy (Robson & McCartan, 2016) and inductive 

approach (Dewey, 1997). Table 7 presents a visual representation of how various approaches 

and strategies are integrated within this research. It outlines a comprehensive research 
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process that highlights the activities carried out to address the Research Questions. To 

address RQ 1 specifically, a qualitative strategy has been employed, complemented by the 

LCA utilizing a quantitative approach, all guided by an inductive methodology. The activities 

carried out to meet the objectives of RQ 1 are: (1) Literature reviewing to explore furniture 

system’s environmental impacts and design insights from academic perspective; (2) LCA of 

25 furniture pieces to explore furniture products’ environmental impact and design insights 

from practical perspectives, which further developed furniture products’ life cycle profile 

(integrated into 162 histograms giving insights to designers, in annex 6); (3) Best cases 

analysis and semi-structured interviews on furniture products and furniture S.PSS, to identify 

sustainable characteristics and developed case cards. On the products level, sustainable 

furniture products design insights were identified; on the PSS level, furniture S.PSS win-win 

benefits and furniture S.PSS archetypal map was developed.  

Knowledge developed in the first phase has been used as the foundation to carry out a 

second stage of the research aimed at answering RQ 2. A qualitative strategy has been 

applied, adopting a mixed inductive-deductive approach. The activities carried out to meet 

the objectives of RQ 2 including a workshop and an iterative process of design, evaluations 

(in workshops, interviews, questionnaires), and refinement. Within workshops with experts, 

draft guidelines for sustainable furniture system design (on both product and S.PSS levels) 

are developed based on the general guidelines (with a hierarchy structure of strategy-sub-

strategy-guidelines, and by integrating knowledge from the RQ1 and experts’ knowledge. 

Specifically, with the LCA results, the priorities of design strategies were identified using a 

qualitative approach. These guidelines are further reviewed by experts from academic and 

practical fields to generate the final comprehensive furniture-specifci LCD and S.PSSD 

guidelines with priorities. On a second step, these developed guidelines were integrated into 
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several furniture LCD and S.PSSD tools. After iterative evaluation and refinement, the final 

version of furniture LCD and S.PSSD tools were developed. 

4.2.3 Design research approaches 

The aforementioned research strategies (in chapter 4.2.2) have been adopted from the 

field of social sciences and have been employed to establish a broad framework for this study 

Table 7. However, it is worthwhile to consider approaches from the design field that can offer 

a more comprehensive framework for this research.  

Firstly, consider Cross’s definition (Cross, 2006), this Ph.D. research lies in design 

phenomenology which is the study of the form and configuration of artifacts, in this research, 

sustainable furniture product Life Cycle and sustainable furniture PSS. The result are 

furniture-specific design knowledge, strategies/guidelines on the LCD aspects and S.PSSD 

aspects. Secondly, this PhD research lies in design praxeology, which is the study of the 

practices and processes of designing Sustainable Furniture Systems. The result is Sustainable 

Furniture System Design methods and tools. 

Considering Fallman’s framework for design research positions (Fallman, 2008), this 

research can be defined as design studies. This research focuses on contributing to the 

knowledge that is specific to the furniture system. The research develops theories of furniture 

Life Cycle Design and furniture Sustainable Product-Service System Design in the form of 

environmental profiles, conceptual framework, and design strategies/guidelines. The research 

also develops a methodology for Sustainable Furniture System Design with detailed design 

steps and tools. 

If considering Frayling’s classification  (Frayling, 1993), the research follows a 

Research Through Design approach because research activities for answering requestions 

emphasize creating design knowledge rather than project solutions. Design knowledge 



 

84 

includes conceptual framework, data, approaches, guidelines, methods, and tools. Activities 

taken in this research aim to acquire and shape Sustainable Furniture System Design 

knowledge that assists in future design activities. The PhD candidate is directly involved in 

each activity to establish, connect, and shape research objects (i.e. the Sustainable Furniture 

System).  

To develop sustainable furniture system design method and tools, the research follows 

research through design approach. These methods and tools provide guidance, information, 

and data that designers can apply to achieve a result in their projects. The artifacts undergone 

iterative process of design-evaluation-refinement as a legitimate method of inquiry to develop 

satisfied tools (comprehensibility, usability, usefulness/success) for the needs of furniture 

designers. 
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Table 7 Research strategies, approaches, activities, purpose to address research question within this PhD research. 
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4.3 Research Methodology – Design-Based Research 11 

Due to the complexity of this research and the number of strategies/approaches 

adopted and activities planned, a design research methodology framework needed to be 

adopted to guide throughout the conduction of this PhD research. 

After reviewing the research methodologies, paradigms, approaches, etc., the Design-

Based Research (DBR) methodology is adopted in this research. DBR can be defined as a 

systematic but flexible methodology aimed to improve practices through iterative analysis, 

design, development, and implementation of interventions, based on collaboration among 

researchers and practitioners in real-world settings and leading to contextually-sensitive 

design principles and theories (F. Wang & Hannafin, 2005). DBR does not replace or conflict 

with other methodologies, such as quantitative or qualitative methodologies, but provides an 

alternative approach that emphasizes direct, scalable, and concurrent improvement in 

research, theory, and practice.  

Brown and Collins are widely acknowledged as early contributors to the definition 

and activation of design-based research. They described DBR as a methodology that requires 

(Brown, 1992; Collins, 1992): 

• addressing complex problems in real contexts in collaboration with practitioners; 

• integrating known and hypothetical design principles with technological affordances 

to render plausible solutions to these complex problems and 

• Conduct a rigorous and reflective inquiry to test and refine innovative learning 

environments as well as to define new design principles. 

 
11 This chapter, 4.3, partially refers to the publication of the author entitled “Design for  Environmentally sustainable 

furniture systems – the knowledge and know-how of furniture life cycle design and furniture sustainable product-service 

system design” (Yang, 2023). 
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Design-based research (DBR) strives toward two main goals simultaneously: 

advancing theoretical understanding and developing an intervention in the real world. DBR 

has the following characteristics: focusing on the design and testing of interventions, using 

mixed methods, involving multiple iterations, stemming from a partnership between 

researchers and practitioners, yielding design principles, different from action research, and is 

concerned with an impact on the practice field (Anderson & Shattuck, 2012). 

DBR consists of four main stages: Analysis of practical problems, development of 

solutions informed by existing design principles, iterative cycles of testing and refinement of 

solutions in practice, and reflection to produce design principles and enhance solution 

implementation (Herrington et al., 2007; Reeves et al., 2005), see Figure 9. Some researchers 

follow a three-stage research process with preliminary research, prototyping and assessment, 

and reflection (Ceschin, 2012; Diehl, 2010), see Figure 10. These two research processes are 

the same, with the latter merging prototyping and assessment while the former separates these 

two steps. 

Figure 9 Design-based research methodology process  (Herrington et al., 2007; Reeves et al., 2005) 

 

Figure 10 Design-based research methodology process (Ceschin, 2012; Diehl, 2010) 

The following paragraphs introduce the characteristics of this research and the the 

process conducted. 
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4.3.1 Characteristics of this research 

DBR methodology is chosen to be used in this research because this research has the 

following characteristics that are coherent with DBR: (a) pragmatic, (b) grounded, (c) 

interactive, iterative, and flexible, (d) integrative; and (e) contextual. 

This PhD research is Pragmatic. DBR addresses practical issues to promote a 

fundamental understanding of the design (Orrill et al., 2004). The main practical issue to be 

addressed is the environmental impact that occurred during the furniture’s life cycle and from 

the furniture production and consumption system. The research process is iterative 

exploration, development, and implementation. The main knowledge includes detailed 

furniture life cycle profile, a conceptual framework of Sustainable Furniture System Design, 

the furniture-specific Life Cycle Design strategies/guidelines and Sustainable Furniture 

Product-Service System design strategies/guidelines. These outcomes are useful for 

conceptual understanding of furniture system and practical for design activities. From a 

design-based research perspective, theory development is inextricably linked to practice 

(Brown & Campione, 1996). Research should refine both theory and practice fields (Collins 

et al., 2004) as well as provide new possibilities. To make the aforementioned knowledge 

(strategies/guidelines/environmental profile/conceptual framework) more practical, the 

research also designed relevant tools to support the real design process of furniture LCD and 

Furniture S.PSSD through a new round of exploration, tool design, evaluation, and 

refinement. Ultimately, the value of these design strategies and guidelines is validated during 

the design process by informing and improving practice. 

For this research, the development of furniture Life Cycle Design knowledge and 

tools was integrated into the project "The Circular Economy for the Competitiveness of the 

Made in Italy Industry – GIOTTO." This project, conducted in collaboration with eleven 

national organizations and funded by the Italian Ministry of Education and Research (MIUR), 
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aimed to develop and disseminate innovative design guidelines and tools to foster a 

sustainable and circular economy within the competitive value chains of the Made in Italy 

industries, including furniture, food, and fashion. Through a multidisciplinary and 

collaborative research consortium, GIOTTO empowered small and medium enterprises with 

innovative approaches to minimize the environmental impact of their products across their 

entire life cycle. The project-furniture section involved experts from various disciplines and 

institutions, including: 1) COSMOB: Centro Tecnologico specializzato per il settore 

legno – arredo, 2) Cluster Arredo: Società consortile preposta allo sviluppo del Cluster di 

iferimento del Friuli Venezia Giulia, con l'obiettivo di fornire servizi alle aziende del 

comparto e, in qualità di Polo di innovazione. 3) UNIVERITA' DI CAMERINO 

(UNICAM): L'Unità di Disegno Industriale della Scuola di Architettura e Design UNICAM.  

For this project's furniture section, I initially conducted a literature review, case 

studies, organized a workshop to develop furniture-specific Life Cycle Design (LCD) 

guidelines and developed the ICSxFurniture toolkit for evaluation by collaborators. However, 

the PhD research was not linear but iterative. Following the GIOTTO project, the research 

was further deepened by conducting a more comprehensive literature review, broader 

research of cases, semi-structured interviews, and a comprehensive Life Cycle Assessment 

(LCA) to finalize the concept framework and furniture-specific LCD guidelines. A series of 

evaluation and improvement activities were conducted to finalize the ICSxFurniture toolkit. 

These knowledge and tools were developed to contribute to theory and practice in sustainable 

furniture product design or Furniture Life Cycle Design in this research. 

The part concerning furniture Sustainable Product-Service System Design theory and 

practice, another important aspect of this research, was not included in the GIOTTO project. 

This PhD research is grounded. Prior to embarking on Design-Based Research 

(DBR), researchers select a theory about learning and instruction. They examine existing 
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literature and available design cases, identifying gaps to ensure the research's value (Edelson, 

2002), as well as pinpoint any existing problems or issues. In subsequent phases, they aim to 

revise and refine this chosen theory by determining which interventions should (or should 

not) be introduced and which should be eliminated. The foundational theory for this PhD 

research is rooted in Design for Sustainability theories, within which the theories of Life 

Cycle Design (LCD) and Sustainable Product-Service System Design (S.PSSD) serve as 

focal points for further exploration within the context of furniture systems. Extensive 

literature reviews and case studies were conducted to assess the applicability and value of 

these theories within the furniture system, particularly in identifying gaps that existed in the 

realm of furniture's sustainable development. Given that the general theory may not be 

entirely applicable to the unique domain of furniture, the research subsequently aimed to 

tailor and refine these theories to make them more specific and relevant to furniture. 

This PhD research is interactive, iterative, and flexible. It is interactive between 

researchers and practitioners, emphasizing collaboration throughout the research process. The 

aim is to identify approaches and develop principles to address the environmental challenges 

from the furniture sector. Different practitioners, including furniture designers, furniture 

sustainability managers, furniture marketing managers, etc., were involved in the research 

activities for developing/evaluating theoretical/practical outcomes during semi-structured 

interviews, workshops, focused groups, etc. The PhD candidate herself had a background in 

furniture design and management. During the research activities which involved other experts 

or practitioners, she played a pivotal role in managing the process, nurturing relationships 

with practitioners, and, most importantly, gaining a deeper understanding of the research 

context. In addition, this PhD research methodology is flexible and iterative. During the 

research process, the initial research plan was improved iteratively since the research 

activities were iterative and data were accumulated. The main outcomes of this research 
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include theory contributions (environmental profiles, conceptual framework, an archetypal 

furniture S.PSS map, design strategies/guidelines) and practical contributions (method and 

tools) for furniture LCD and furniture S.PSSD. Both development processes are not linear but 

rather iterative, with several rounds of development, evaluation, and refinement/ 

improvement. 

The PhD research is Integrative. Design-based research draws from a diverse range 

of commonly employed approaches, including surveys, expert reviews, evaluations, case 

studies, interviews, inquiry methods, and comparative analysis (see, e.g., (Richey et al., 

2004)). Through the utilization of a combination of these methods, the research benefits from 

data derived from multiple sources, thereby enhancing the objectivity, validity, and relevance 

of the ongoing research. This PhD research applied various methods, including quantitative 

and qualitative ones. For example, to identify the environmental impact of furniture, a 

qualitative literature review, and quantitative life cycle assessment were conducted with 

coherent results achieved. To develop furniture-specific strategies/guidelines, the general 

strategies/guidelines were examined, the best practices were analyzed, the literature review 

was conducted, experts’ ideas were collected, etc., to reach a finalized version. To evaluate 

the developed furniture system design tools, workshops/interviews/focus groups with 

designers and researchers were conducted to collect opinions from different sides. By using 

different methods, involving different roles of experts, and collecting data from different 

sources, the researcher tried to make the research valid and applicable. 

The PhD research is contextual and relevant to the furniture sector. The outcomes 

derived from broadly contextualized research methods are overly general and abstract, 

limiting their utility in diverse settings (Cobb, 2001; Cobb et al., 2003; E. Baumgartner & 

Bell, 2002). In the context of Design for Sustainability, many general sustainable design 

guidelines, methods, or tools have been developed. However, they are less useful or 
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inefficient for the furniture context. This research aims to develop a furniture-specific 

theoretical and practical knowledge base and know-how to improve the sustainable furniture 

system design efficiency. 

4.3.2 Research stage I: Analysis of practical problems (preliminary research) 

The first phase of design-based research is rooted in essential steps of problem 

identification, literature survey, and problem definition (Bannan-Ritland, 2003), which are 

common to most research approaches. The main objectives of this stage are developing a 

picture of the existing situation, i.e., identification of research problems, goals, and questions 

in a specific research area. In the next research step, the area of investigation is also referred 

to as the Initial Reference Model - the reference against which the intended improvements are 

benchmarked (Blessing & Chakrabarti, 2009). In other words, this stage aims at gaining a 

deeper understanding of the phenomenon under investigation to provide the basis for the next 

stage of developing solutions for existing situations. 

For this PhD research, the first stage is to comprehensively understand the theoretical 

framework of design for sustainable furniture systems, including the existing environmental 

problems caused by the furniture system (both along its life cycle and from the production 

and consumption system), the state of art about Sustainable Furniture System Design, and the 

progress of Design for Sustainability knowledge. Then, the research problems, gaps, and 

objectives are identified. In the second step, the research further investigated the furniture 

product’s environmental problems using quantitative method, the sustainable characteristics 

and design interventions of the furniture system (RQ 1). 

Several research activities and methods are taken, including a literature review, a set 

of Life Cycle Assessments (LCA) of furniture from different categories, case study research 
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and semi-structured interviews on sustainable furniture systems. The result is a 

comprehensive conceptual framework. 

Literature review 

A literature review is effective in building a logical framework for research (Marshall 

& Rossman, 2010). This research started with a literature review on sustainable furniture 

systems, focusing on the environmental sustainability dimension. In particular, the following 

main issues were explored: 

The furniture system’s sustainable development context. The aim is to provide a 

convincing argument that the environmental problems of the furniture system are significant 

and worth researching (chapter 1).  

The state of art of design for sustainability knowledge and sustainable furniture 

design. The development of design for sustainability and the development of sustainable 

furniture are explored (chapter 2). By cross-comparison of these two topics, the research 

opportunities are identified. 

Life Cycle Assessment 

Life Cycle Assessment has been recognized as a significant technique to understand 

and address the environmental aspects throughout a product's life cycle (ISO 14044: 2006 

Environmental Management - Life Cycle Assessment - Requirements and Guidelines, 2006).  

Sampling. To understand the environmental impact of different furniture pieces from 

different categories along the life cycle, I conducted 25 LCA of typical furniture from 8 

typologies (see chapter 5.1). The aims were 3 folded: to define comprehensive furniture life 

cycle profiles, and present results that can be valuable for designers; to address data gap by 

providing a comprehensive overview of environmental trends; and to establish a knowledge 

base in developing furniture guidelines and define design strategies’ priorities.  
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Method. The activity followed the ISO 14040 proposed LCA methodology, with a 

process of: 1) goal and scope definition, 2) inventory analysis, 3) impact assessment and 4) 

result interpretation. 

Results. detailed furniture life cycle activities were identified, with a system 

boundary of a general furniture product developed. Each furniture’s life cycle inventory was 

analyzed as the fundamental data of LCA. Furniture products’ environmental profiles were 

developed which offered valuable insights for designers seeking to make more sustainable 

choices in their designs. 

Case study  

A case study approach is appropriate for studying new topic areas (Corbin & Strauss, 

2015) and especially for understanding complex phenomena (Merriam, 1998). This research 

collected sustainable furniture product design cases (chapter 5.2) and furniture S.PSSD cases 

(chapter 6.3) to understand sustainable furniture systems' characteristics, environmental 

benefits, design interventions. 

Sampling. Since the aim is to describe the sustainable characteristics of the furniture 

system comprehensively, the maximum variation strategy was adopted for selecting cases. 

This means cases with heterogeneity and maximized diversity are considered to cover all 

possible differences in sustainable furniture system characteristics. 

Method. The triangulation principle was applied when collecting data for a case: 

multiple methods for collecting data and multiple sources are considered to ensure the 

convergence of a case. Within this research, the method used to collect data included 

literature review, desk research, semi-structured interviews, and field investigations. The 

sources of information are secondary data, including scientific papers such as case studies 
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made by other researchers, reports made by international organizations such as the European 

Commission, companies’ reports, websites, etc. 

Results. A final number of 41 sustainable furniture product cases and 44 furniture 

S.PSSD cases were collected and analyzed. For sustainable furniture products, each case is 

detailed described with basic information and sustainable design information, including 

design methods, products' sustainable characteristics, and design strategies with images. 15 

sustainable characteristics and 37 design interventions were identified. On the furniture 

S.PSSD level, each case is detailed described with basic information and sustainable design 

information including products, services, stakeholders interactions, payment methods, 

sustainable benefits, and design strategies. Three types of furniture S.PSS were identified; 6 

furniture-using contexts were identified; Services related to furniture throughout its life cycle 

were identified; Furniture S.PSS win-win benefits were confirmed; A comprehensive map 

with 20 different furniture S.PSS models developed. Each model was accompanied by a 

descriptive text and a system map to visualize their structure and operation. 

Semi-structured interview 

Qualitative interviewing is a flexible and powerful method to capture the voices and 

meaning of experiences (Rabionet, 2011). Interview data is situated and interesting, with a 

co-constructed nature. Design-based research places much value on the input of practitioners 

and researchers working in or investigating the problem area (Herrington et al., 2007). The 

aim was to understand further the characteristics of existing sustainable furniture systems 

(both furniture LCD and furniture S.PSS) in close collaboration with practitioners in the field 

of Sustainable Furniture System Design. 

Sampling. The interviewees involved in this semi-structured interview are furniture 

company experts working on the environmental sustainability dimension. They have 

expertise in sustainable furniture product design and/or sustainable furniture business models 
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or product-service systems design with some of the following experiences: (1) they are 

conducting or conducted Life cycle assessment for some of their furniture; (2) they are 

designing furniture products with environmentally sustainable characteristics; (3) they are 

offering sustainable furniture business models or Product-Service Systems. A total of 10 

companies were involved in the semi-structured interview. Firstly, the case details were 

checked and confirmed with some of these experts; second, the application of design 

approaches, methods, and tools in their company were investigated.  

Method. After confirming the participants, the questions were prepared ahead of 

time. Interviews were recorded with the permission of the participants. After a process of 

furniture product design approaches, method and tools discussion, furniture S.PSS relevant 

questions were discussed. All interviews were further analyzed. 

Results. The cases information was detailed. On the furniture product level, different 

design strategies/design insights were proposed by furniture companies; on the furniture 

S.PSS level, the furniture S.PSS win-win benefits were verified, and a sustainable furniture 

system design conceptual framework was developed. Although with some new insights, the 

results showed a lack of approaches, methods, and tools on sustainable furniture system 

design for furniture companies. 

4.3.3 Research stage II: Development of solutions informed by existing 

principles (prototyping) 

The second phase of the design-based research is to develop solutions to the problems 

based on the conceptual framework proposed in research stage 1. Design-based research 

suggests a pragmatic philosophical underpinning, one in which the value of a theory lies in its 

ability to produce changes in the world (Barab & Squire, 2004).  
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(1) Development of furniture-specific system design guidelines (for both furniture LCD 

and S.PSSD) 

In this stage, the new role of design in developing environmentally sustainable 

furniture systems, both on the product and S.PSS level, was defined. Sustainable furniture 

system design guidelines (both for furniture products and furniture S.PSS) were developed 

using a consolidated method (Figure 11). Specifically, the development of the furniture-

specific guidelines was based initially on the general design guidelines and integrating the 

insights from the first stage of the research to develop the draft version of furniture-specific 

guidelines. The draft design guidelines were further reviewed by internal and external experts 

to form the final version of guidelines. 

 

Figure 11 Prior knowledge and steps to develop furniture-specific product LCD and S.PSSD strategies/sub-

strategies/guidelines, adapted from (L. I. Chaves, 2008; Vezzoli & Sciama, 2006) 

Note: White text with orange background represents external competence (e.g. knowledge and know-how from 

GIOTTO project partners (COSMOB, Cluster Arredo, and UNICAM). White text with cyan background 

represents internal competence (inside the LeNS Lab where the PhD candidate involved). Blue text with blue 

frame represents research activities made by the PhD candidate and the original data, information comes from 

other researchers (literature), furniture companies (reports, interviews, websites), or practitioners (interviews). 

Workshop with experts 

Workshops are context-specific research methods where the researcher not only 

“describes, understand and explain” (Robson, 1993), but also the generation of objects 

through collaboration within a certain context.  
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Sampling. Purpose sampling was used to invite participants to the workshop session 

based on the following criteria since the aim is to generate furniture-specific LCD and 

S.PSSD guidelines. (1) Heterogeneity. Participants from different and relevant backgrounds 

(furniture design and design for sustainability) should be involved, so participants come from 

fields like furniture design and engineering (1 participant), design for sustainability (4 

participants), interior and furniture design (1 participant), and (2) Expertise. Participants 

should have expertise in their fields. A total of 6 experts joined this section.  

Method. In the second research stage, workshops were used to develop the draft 

version of the furniture-specific design guidelines with experts by integrating knowledge 

developed in the first stage (life cycle profile, design insights, conceptual framework etc.). 

Before the workshop, a note was sent to participants for them to develop their own version of 

furniture-specific design guidelines which will be discussed during the workshop. At the 

beginning of the workshop, the author introduced the knowledge generated from the first 

research stage and facilitated the specification process. A structured process was 

implemented for each general guideline, allowing participants to perform a variety of 

specification actions such as integrating a general guideline related to particular furniture 

products or typology, adding a new guideline that deals with a certain environmental impact 

related to particular furniture products or typology; adding notes related to particular furniture 

product or typology; and erasing a guideline if irrelevant. 

Results. The draft version of furniture-specific guidelines was developed and then 

reviewed by experts to develop the final version of design guidelines, including both the 

furniture-specific LCD guidelines (chapter 7.1) and furniture-specific S.PSSD guidelines 

(chapter 7.2). Then with a design process, these guidelines and the knowledge developed in 

the first research stage were integrated into several tools, including the ICSxFurniture toolkit, 
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SDOxFurniture toolkit, concept sheet for furniture S.PSS and System Map for S.PSS 

(Chapter 7). 

(2) Development of furniture-specific system design method and tools  

A review of existing design for sustainability methods and tools was undertaken to 

identify the gap of sustainable furniture system design tools and identify promising ones that 

could serve as references when developing furniture-specific ones. Subsequently, a selection 

and design/adaptation process were followed for adoption within the furniture context. This 

process included brainstorming sessions with experts in Design for Sustainability. The 

furniture-specific system design guidelines developed in the former stage and the case studies 

identified in the first research stage were integrated into these tools. Then, an iterative process 

of prototyping, evaluation, improvement, and redesign/refinement was conducted for the 

proposed design method and tools within design-research activities. These activities, such as 

workshops, focus groups, and interviews with designers, academics, and professionals, were 

conducted in research stage 3. 

4.3.4 Research stage III: Iterative cycles of testing and refinement of tools in 

practice (assessing) 

This research stage (chapter 8) is dedicated to iterative processes of the empirical 

application, evaluation, updating, and redesign/improvement of the furniture-specific design 

method and tools. This stage aims to validate the developed knowledge base and know-how 

for their comprehensibility, usability, and usefulness (success). The main methods used 

during this stage are a workshop, interviews, a focus group and questionnaires. 

Sampling. The strategy adopted was purposive sampling, in which participants were 

chosen and invited because they are the final users or have the experience as final users. 

Purposive samples are used when particular people, events, or settings are chosen because 
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they are known to provide important information that could not be gained from other 

sampling designs (Maxwell, 2008). All developed tools/toolkits underwent an iterative 

process of testing and refinement involving 70 furniture designers and experts in furniture 

design and/or design for sustainability. The ICSxFurniture tool was developed and first tested 

within the GIOTTO project. Then, a workshop involving furniture designers within a course 

on “design for sustainable furniture” offered by a specializing master by the POLI Design 

(Politecnico Di Milano) was conducted in February 2022. Subsequently, after updating and 

refining, these tools were evaluated by 40 participants, including furniture designers from 

design studio, experts, researchers, and professors from LeNS Network, to get further insights 

to improve them. This was an iterative process with 4 rounds of evaluation, including an 

interview with furniture designers, a post-doc, and a teacher with a background in furniture 

design; interviews with experts on design for sustainability/furniture design from LeNS 

Network; a focus group within the DESIS China_Hunan University; and an online 

questionnaire sent to LeNS members. 

The continuous application and evaluation of the approach and tools brought to reflect 

and define the knowledge base designers need. 

Workshop: to test the ICSxFurniture toolkir 

A method used for the evaluation of the design tools in a real context was the 

workshop, principally in the form of idea-generation sessions. Different aspects of the design 

tools were tested: comprehensibility, usefulness, and usability.  

 The workshop started with the author introducing the aim/function/use steps of these 

tools, after introducing the knowledge developed in the first stage, the PhD candidate gave a 

design brief of a workstation etc.  
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During the practical session, the author provided clarification on how to use the tools 

when necessary. After presenting their work, they are asked to fill in a questionnaire to 

evaluate these tools. 

Semi-structured interview: to evaluate all tools 

During this phase, the semi-structured interviews were utilized to collect feedback on 

the comprehensibility, usability, and usefulness of all the developed tools. The process 

unfolds as follows: The the PhD candidate introduced each tool, explaining its purpose, 

components, usage steps, and its integration into the design process. Participants or 

interviewees then engage with these tools, assessing their comprehensibility, usability, and 

usefulness. They share their perspectives on their user experience, provide comments, and 

offer suggestions for potential enhancements. 

Focus group: to test all tools  

A focus group is an organized discussion among a selected group of individuals to 

elicit information about their views (Gray, 2014). This method helps to clarify similarities 

and differences between the opinions and values held by participants (Freeman, 2006). After 

the PhD candidate (facilitator) presented background knowledge and each tool, participants 

were asked to use these tools and evaluate these tools before giving their comments. 

Questionnaire: to test all tools 

During this stage, the research endeavors to gather extensive advice from experts and 

practitioners specializing in sustainable furniture system design. The use of a questionnaire 

offers several advantages for potential participants, such as its cost-effectiveness and 

flexibility in terms of time and location. In this phase, a questionnaire survey has been 

identified as the most efficient method for collecting both qualitative and quantitative 

feedback from a larger pool of experts in relevant fields. 

The questionnaire surveys were conducted in two distinct settings: 
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• Workshops with Poli design specializing master: These surveys featured a 

combination of open-ended and scaled questions designed to evaluate various aspects 

of the design toolkit. Questionnaires were distributed to workshop participants 

immediately after practical activities to capture their most recent experiences. 

• LeNS Network partners and selected furniture companies: Questionnaires were sent 

out to gather additional opinions and data regarding the latest version of the tools. 

Results. These questionnaires were strategically employed to ensure a comprehensive 

collection of feedback from various sources. The continuous application and evaluation of the 

approach and tools enabled the researcher to reflect on the design intervention, highlight 

strengths and weaknesses, and continuously refine the approach and tools. Several iterative 

processes of implementation, evaluation, and refinement took place. Adjustment and 

refinement of the approach and tools through implementing them in design practices were 

combined with the insights coming from the assessment made by academic experts and 

practitioners. This continuously shapes the design approach and tools. The development of a 

design approach and tools was not the only output of the research stage. In fact, the 

continuous application and evaluation of the approach and tools brought to reflect the 

knowledge base needed by designers to operate at such a strategic level. In other words, the 

output of this second stage was the improvement of the design practice but also the building 

up of the necessary design knowledge to support this practice. 

4.3.5 Research stage IV: reflection to produce design principles and enhance 

solution implementation 

The aim of this research stage (chapter 9) was to carry out a retrospective analysis of 

the entire study. This analysis focused on the research results achieved as well as on the 

research methodology adopted. This stage brought to: 

• specify the main contribution brought to theory and practice; 
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• underline the research limitations; 

• reflect on the generalizability of results; 

• formulate recommendations for follow-up research and practice.  

Based on the knowledge base and know-how developed within this research, an open-

access course (video, slides, texts) and open-access book are under development to 

disseminate this knowledge base and know-how. Furthermore, this phase aims to disseminate 

the above-mentioned knowledge base and know-how with an open-access ethos. 

The whole research process with research questions, objectives, activities taken, and 

relevant chapters is shown in the following Error! Reference source not found.. 
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Figure 12 Research questions, objectives, activities and sections within this PhD research 
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Characteristics of 
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This part outlines the activities conducted during the Preliminary research phase, with 

the primary objective of answering RQ1: What are the framework and characteristics of 

environmentally Sustainable Furniture Systems? RQ1.1 What are the innovation 

requirements and characteristics of environmentally sustainable furniture products (product 

level)? RQ1.2 What are the characteristics of environmentally and economically sustainable 

win-win furniture Product-Service Systems (PSS level)? 

The activities and findings outlined in this section can be summarized as follows:  

Further illustration of Furniture System's Environmental Impact (Chapter 5.1): 

The general environmental impact of the furniture system, encompassing both furniture 

products and Product-Service Systems, was previously introduced and acknowledged in 

Chapter 1. To facilitate effective design interventions, it is essential to possess detailed life 

cycle data. In this chapter, Life Cycle Assessment (LCA) was employed on 25 pieces of 

furniture across 8 types. This analysis aimed to identify a general environmental impact trend 

and demonstrate how LCA data can inform and guide design interventions. The LCA results 

obtained were subsequently utilized to define priorities for furniture-specific Life Cycle 

Design strategies, as detailed in Chapter 7.1.2.  

Exploration of the innovation requirements and characteristics of 

environmentally sustainable furniture products (chapter 5). Recognizing the value of 

practical experience, an investigation of best-case studies involving 41 sustainable furniture 

products was analyzed to explore design interventions for sustainable furniture products 

design. To enrich the insights gathered, a semi-structured interview was conducted with 

practitioners from furniture companies. In addition, the lack of knowledge and know-how for 

sustainable furniture product design in furniture companies was confirmed. 
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Exploration of the characteristics of environmentally and economically win-win 

furniture Product-Service Systems (S.PSS) and the development of an archetypal 

furniture S.PSS map (chapter 6). The analysis involved studying 44 best-case studies of 

sustainable furniture PSSs. The results of this analysis provided insights into the 

characteristics, definition, classification, and the win-win environmental and economic 

benefits of furniture S.PSS. To validate and expand upon these insights, a semi-structured 

interview was conducted. Utilizing the insights from both the case studies and the interview, 

an archetypal furniture S.PSS map was subsequently developed. In addition, the lack of 

knowledge and know-how for sustainable furniture Product-Service System Design in 

furniture companies was confirmed. 

As a conclusion of the preliminary research, a novel conceptual framework for the 

design of environmentally sustainable furniture systems was established. This framework not 

only elucidated the characteristics of sustainable furniture Product-Service Systems (PSS) but 

also introduced the mechanisms behind the win-win economic and environmental benefits of 

furniture S.PSS which facilitats furniture Life Cycle Design (LCD). Crucially, the conceptual 

framework integrated all essential elements within the furniture system, offering a 

comprehensive and holistic approach to sustainable furniture system design. 
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Chapter 5 A science-based understanding of furniture 

products' environmental impact and sustainable 

innovation opportunities 

5.1 Furniture Life Cycle Assessment: furniture’s quantitative 

environmental performance along the life cycle 

Life Cycle Assessment (LCA) is a structured, comprehensive, and internationally 

standardized method that quantifies the related environmental impacts associated with a 

product (good or service) throughout the full life cycle (European Commission & Joint 

Research Centre, 2010). In other words, LCA is the compilation and evaluation of the inputs, 

outputs, and potential environmental impacts of a product system throughout its Life Cycle 

(LC), from raw materials acquisition or generation to final disposal (ISO 14040: 2006, 

Environmental Management - Life Cycle Assessment - Principles and Framework, 2006; ISO 

14044: 2006 Environmental Management - Life Cycle Assessment - Requirements and 

Guidelines, 2006).  

Within this chapter, the research conducted a full LCA for 25 pieces of furniture in 8 

categories from 15 companies following the ISO 14044 and ISO 14040 proposed 

methodology, with four phases: 1) goal and scope definition, 2) inventory analysis, 3) impact 

assessment and 4) result interpretation (ISO 14040: 2006, Environmental Management - Life 

Cycle Assessment - Principles and Framework, 2006; ISO 14044: 2006 Environmental 

Management - Life Cycle Assessment - Requirements and Guidelines, 2006). The EF 
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method12 (with toxicity, Environmental Footprint) and the database ecoinvent 3.7 version 

with the cut-off system model within the Simapro 9.1 version were used to conduct the LCA. 

With the EF method, 14 environmental categories were calculated, and single-score results 

were considered. 

For the database, compared with the ‘Allocation at the point of substitution (APOS)’ 

system model, which can reach a level of complexity that makes an assessment of the reasons 

for impacts challenging, cut-off uses a simple but fundamental decision to separate primary 

and secondary use stages (Wernet et al., 2016) and it is highly used for Environmental 

Product Declarations (Saade et al., 2019), so the study chose the cut-off system model. 

5.1.1 Goal and Scope Definition 

Considering that the sustainable furniture production and consumption system is one 

of the challenges that should be addressed and improved for a better quality of life for 

residents and lower pollution levels for the environment, this study aims to propose an 

overview of the furniture profile (office furniture and household furniture) based on 

quantitative furniture LCA. To be specific: 

First, to identify the category with the highest impact within 8 categories; to compare 

the different pieces of furniture’s impact within each category; to identify stages with the 

 
12 The assessments are expressed in the form of impacts aggregated into a single value (in “%”), by the EF method. The 

Environmental Footprint (EF) method is the impact assessment method adopted in the EF transition phase of the European 

commission. The method includes the normalization and weighting factor. It considers the flowing environmental 

categories: climate change, ozone depletion, ionizing radiation – human health, photochemical ozone formation – human 

health, particulate matter, human toxicity (non-cancer), human toxicity (cancer), acidification (terrestrial and freshwater), 

eutrophication (marine), eutrophication (terrestrial), ecotoxicity (freshwater), land use, water use, resource use (fossils), 

resource use (minerals and metals). 
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highest impacts for each piece of furniture; to identify materials/processes with the highest 

impact within each life cycle stage. 

Secondly, to identify opportunities for the environmental performance improvement 

of furniture at various stages in their life cycles. 

Finally, to support decision-making for the purpose of strategic planning, priority 

setting, furniture product or process design, or redesign through the identification of key 

environmental performance indicators of furniture life cycle design.  

 

Figure 13 25 pieces of furniture assessed in this study 

Note: for chair 2.1, another version with the same appearance assessed; Source of data: Environmental Product 

Declarations 
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5.1.2 Assessed furniture cases 

The research conducted LCAs for 25 pieces of office and household furniture from 8 

categories: task chair (3 cases), chair (5 cases), stool (2 cases), sofa (4 cases), table (5 cases), 

coffee table (2 cases), Storage (3 cases) and working space (1 case), see Figure 13.  

5.1.3 System boundary 

The system boundary includes all those activities (processes) directly or indirectly 

related to furniture before, during, and after its use. In fact, the system boundary corresponds 

with furniture’s life cycle phases which refers to the journey of a piece of furniture from the 

extraction of raw materials to the end-of-life. More precisely, the furniture life cycle system 

to be considered includes the following stages: pre-production, production, distribution, use 

and end-of-life, and all related processes. 

(1) The Pre-production stage 

Furniture employs various raw materials such as wood-based panels, metal (e.g., 

aluminum, steel, etc.), plastics, fabrics, leather, glass, and so on (Renda et al., 2014). The pre-

production stage incorporates all impacts associated with the acquisition of resources for 

these raw materials, the delivery to the production area, and the transformation needed for 

raw materials or energy production.  

Let us see a bit more about the pre-production processes of some main materials used 

in furniture production: 

Particle board is often used in furniture production, like desks/tables, storage, bed 

frames, etc. The production of particle board includes planting, transportation of resources, 

wood shavings production (which includes wood chipping, shaving and storage), drying and 

sorting section (which includes drying, sorting, milling and storage), gluing section (which 
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includes modulating, glue/shaving weighting and mix), paving and hot pressing section 

(which includes paving, weighting, sawing, sanding and inspecting) (Clean Production 

Standard-Wood-based Panel Industry (Particle Board), 2010; González-García et al., 2019; 

Silva et al., 2013), see Figure 14. The main raw materials for particle board are wood-based 

materials (e.g., plantation wood, small diameter wood, branch timber, logging residues, wood 

processing residues, discarded wood (old furniture, packaging), and a very small part of 

bamboo, crop straw), adhesive (e.g., Urea-formaldehyde, melamine formaldehyde), and 

additive (water repellent like paraffin, curing agent like ammonium sulfate) (Clean 

Production Standard-Wood-based Panel Industry (Particle Board), 2010). 

 

Figure 14 The particle board production processes 

Aluminum and steel are widely used in office furniture production. The process for 

aluminum production includes bauxite mining, alumina production, aluminum electrolysis, 

ingot casting, etc. (International Aluminium Institute, 2003; Nunez & Jones, 2016; S. Wang 

et al., 2018; World Aluminium, 2017), See Figure 15.  
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Figure 15 The aluminum production processes, adapted from (International Aluminium Institute, 2003) 

The process for primary steel production includes coke making, sintering, iron 

making (blast furnace), steel making (basic oxygen furnace - BoF), casting, hot rolling 

(Burchart-Korol, 2013; Olmez et al., 2016; Tongpool et al., 2010), see Figure 16. 

 

Figure 16 The steel production processes, adapted from (Burchart-Korol, 2013; Olmez et al., 2016; Tongpool et 

al., 2010) 

Textile is widely used in upholstery furniture production. The process for textile 

production is shown in Figure 17, adapted from (Babu et al., 2007). 

 

Figure 17 The textile production processes, adapted from (Babu et al., 2007) 

Plastics are widely used in furniture production. It is made from by-products from 

natural gas, crude oil, and brine. The production of polyurethane also needs Polyols, which 
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initially need animal fat and sugar as input. The main production process for plastics includes 

Brine and fossil fuels extraction, electrolysis/cracking, chemical process, polymerization, etc.  

Leather is widely used in upholstery furniture production. The production process is 

shown in Figure 18, adapted from (Joseph & Nithya, 2009; Navarro, 2020; Notarnicola et al., 

2011). There are also other materials used for furniture production, like paper, stone, marble, 

glass, glue, adhesive, paints, and varnishes. 

 

Figure 18 The leather production processes, adapted from (Joseph & Nithya, 2009; Navarro, 2020; Notarnicola 

et al., 2011) 

When analyzing the pre-production phase of the furniture product, the same approach 

described above for some of the main materials used should be adopted for any other used. 

(2) The production stage  

The production stage contains all activities of processing raw materials for the 

production of product components and packaging, the assembly of furniture, and finally, 

finishing processes, e.g., polishing and painting of solid wood-made furniture. Other 

activities and processes applied during this stage include furniture design, research， 

development and quality inspection, equipment plan overhaul, and management of these 

                                                     

Soaking Liming Fleshing Spl i ng Del iming

                 

Picking Chrome tanning Drainning Shaving  eutra l i sation
Retaining dyein
g fat l iquoring

Press ing Drying

               

Trimming Finishing process



 

115 

activities. Figure 19 to Figure 21 show the production processes of 3 kinds of furniture: 

particle board-made furniture, metal furniture, and plastic furniture. 

 

Figure 19 The particleboard-made furniture production process, field investigation in Suofeiya Home, China. 

 

Figure 20 The metal-made furniture production process, adapted from Desk research on PBZ manufacturing - a 

metal manufacturer. https://www.pbzmfg.com/ 

 

Figure 21 The plastic-made furniture production processes, Adapted from (Harding et al., 2007; Khoo et al., 

2010) 

(3) Distribution stage 

The distribution stage is related to furniture transportation from the production site to 

a warehouse or the point of end users by means of truck, train, ship, even plane, etc. These 

activities entail not only energy consumption and emissions for transportation but even those 

related to packaging produce (indeed all the life cycle phases of the packaging).  

(4) Use phase 

The use phase considers the impacts associated with furniture maintenance, e.g., 

cleaning activities. The cleaning of furniture consumes water, detergent, etc. Other activities 

that occur during use include repairing or replacing damaged parts and upgrading 

components (e.g., changing the cover of upholstered furniture). 

 

            
            

       
                                 

         

                                                                        

       

                           



 

116 

 

Figure 22 The system boundary of a general furniture product 
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(5) End-of-life phase 

End-of-life phase rates impacts of end-of-life furniture management activities, like the 

collection and delivery of furniture, reuse, remanufacturing, recycling, compositing, energy 

recovery/incineration, or landfilling.  

These activities compose system boundaries for furniture, see Figure 22. Furniture’s 

environmental impacts associated with these phases are analyzed in further detail in the 

following paragraphs.  

5.1.4 The furniture system’s functional unit 

Another important concept is the ‘functional unit’. When designing or evaluating a 

piece of furniture, it is not the physical furniture that is under study, but its function, i.e., its 

services and the supplied results. The functional unit is the “the quantified performance of the 

product that is being assessed, to use as a reference unit within an environmental impact 

assessment of all its life cycle stages” (ISO 14025:2006(En), Environmental Labels and 

Declarations — Type III Environmental Declarations — Principles and Procedures, 2006). 

To make this concept clear, the environmental impact comparison between a cardboard seat 

and a multi-material seat (see Figure 23) could be a helpful example.  If we compare the life 

cycle environmental impacts of these two seats without consideration of the functional unit, it 

will seem that a muti-materials seat has a greater impact in every phase since it consumes 

more materials and energy along all of the life cycle stages. However, within Life Cycle 

Assessment, it is necessary to compare products with the same functional unit13. When 

considering their function (in this case the function unit could be “a seat provides seating 

supporting for one person per 12 years”), and if a cardboard seat can last 10 days and the 

 
13 The functional unit can be defined as: a quantified performance of the product that is being designed assessed, to use as 

a reference unit within an environmental impact assessment of all its life cycle stages. 
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multi-material seat last 12 years on average, it appears that we should compare the 

environmental impact from one multi-material seat with 438 (365 days/ 10 days *12 years) 

cardboard seat. This environmental impact of the cardboard seat will be around 5.06 times of 

the environmental impact from the multi-material seat with the same functional unit. How 

many designers would evaluate/design correctly for environmental sustainability? However, 

the design community in general is not aware of this knowledge and know-how to design 

furniture with low environmental impact. 

 

Figure 23 A muti-material seat and a cardboard seat 

 In this research, the Functional Unit for furniture could be defined as ‘using of one 

piece of furniture (for one average person) based on a general frequency over a period of 15 

years in an office and/or household environment’. If detailed to each furniture group: 

• Task chair: Using one task chair for one average employee based on a general 

frequency over one year in an office environment. 

• Chair: Using one chair with a general frequency over one year in an office or 

household environment. 

• Sofa: Using one 3-seat sofa with a general frequency over one year in an office or 

housing environment. 

• Stool: Using one stool with a general frequency over one year in an office or housing 

environment. 
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• Table: Using one table for one average employee based on a general frequency over 

one year in an office environment. 

• Coffee table: Using one coffee table with a general frequency over one year in an 

office or housing environment. 

• Storage: Using one cabinet with 0.8 m3 storage space for files over one year in the 

office or housing environment. 

• Working space: Using one working space with a general frequency over one year in 

an office environment. 

 

5.1.5 Inventory Analysis 

The inventory data come mainly from Environmental Product Declarations (EPD), 

which are voluntary documents for a company or an organization to present transparent 

information about the life cycle environmental impact of their goods or services (Product 

Category Classification: UN CPC 3812/3813/3814, (Version 2.01)). For this study, all EPDs 

come from 4 sources: the Norwegian EPD foundation14, the international EPD system15, 

Herman Miller,16 and Wiesner Hager17. 

A few data assumptions are based on the Product Category Rule (PCR). PCRs provide 

rules, requirements, and guidelines for developing an EPD for a specific product category 

(The International EPD system, n.d.). They are a key part of ISO 14025, enabling 

transparency and comparability between EPDs. Few data are assumed based on LeNS lab’s18 

former experiences. Specifically: 

 
14 https:  www.epd-norge.no ?lang=en_GB 

15 https:  www.environdec.com library?search_type=simple&Category=9492 

16 https:  www.hermanmiller.com en_eur  

17 https:  www.wiesner-hager.com en  

18 Le Slab is a research lab coordinated by Carlo Vezzoli and active within the Design Department of Politecnico di Milano 

University for more than 20 years. 
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Pre-production 

For all 25 cases, data used for the pre-production stage are actual materials used for 

furniture from EPDs by manufacturers.  

Production 

The data for the production stage is assumed based on materials used in the pre-

production stage and refers to PEFCR office chair (Product Environmental Footprint 

Category Rules - Office Chair (Draft), 2018) and PEFCR office table (Product Environmental 

Footprint Category Rules - Office Table (Draft), 2018). The contribution of capital goods to 

the overall impact is relatively small. Hence, the infrastructure of the foreground processes 

was considered negligible (Medeiros et al., 2019). 

Transportation 

The data for the transportation stage is based on the following priority: first, the 

research uses actual transportation distances and types (from EPDs). If there is not, the data 

are calculated as the average distance of a piece of furniture transported by certain means of 

transport modes (from EPDs). If there is not, the data are calculated as a 1000 km distance by 

lorry, which is defined as an average scenario defined in PCRs (Product Category 

Classification: UN CPC 3812/3813/3814, (Version 2.01); Product Category Classification: 

UN CPC 3811, (Version 3.0).) 

Use 

The maintenance scenario includes energy and water cleaning, specifically vacuum 

cleaning for upholstered parts once a month, like seating, and wet cloth cleaning for 

wood/plastic/metal components. 

For vacuum cleaning of upholstered furniture, the research assumes that a common 

vacuum cleaner (900W) is used. For the upholstery of one chair, 20 seconds of vacuum 

cleaning is used. For one three-seater sofa, 80 seconds of cleaning has been taken into 
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consideration. As a result, 0.06 kWh for upholstered chairs and 0.24 kWh for textile-covered 

sofas per year has been consumed (assumed by LeNs lab). 

Another type of furniture (without upholstery parts) is cleaned with a wet cloth, which 

consumes 1.5L of water per year for chair/table (Product Environmental Footprint Category 

Rules - Office Chair (Draft), 2018; Product Environmental Footprint Category Rules - Office 

Table (Draft), 2018), 3L per year for sofa and storage (assumed by LeNs lab). No detergent is 

consumed only if the EPD mentions it. 

End of life 

End-of-life scenarios were typically modeled considering the average condition of the 

waste disposal (Cordella & Hidalgo, 2016). In this study, an average end-of-life scenario has 

been chosen to implement the assessment of the end-of-life stage: 55% of furniture disposed 

of in landfill as municipal solid waste, and 45% go to incineration (Castellani et al., 2019). 

Table 8 The inventory data for task chair 1.1 

Pre-Production (Flokk AS, 2020)  

Production (Product Environmental Footprint 

Category Rules - Office Chair (Draft), 2018; 

Product Environmental Footprint Category 

Rules - Office Table (Draft), 2018) 

Materials weight (kg) Processes 

Steel 6.39 Impact extrusion of steel 

Aluminium 2.48 Impact extrusion of aluminum 

Recycled Aluminium 1.88 Injection molding (PP, PA, PAGF 30, POM) 

Polypropylene (PP) 2.13 Polymer foaming (PUR, Synthetic rubber) 

Polyurethane (PUR) 1.25 Extrusion (PE) 

Nylon (PA) 0.59 Distribution (Flokk AS, 2020) 

Rubber. Synthetic 0.45 distance 1000KM 

Polyamide with glass fibre (PAGF30) 0.28 Packaging weight (KG) 

Polyester (PE) 0.27 Cardboard (cutting) 3.32 

Polyoxymethylene (POM) 0.21 Polyethylene (extrusion) 0.07 

total product 15.93 Total packaging 3.39 

Use  End-of-life (Castellani et al., 2019)  
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Electricity (assumed) 0.9 KWH Processes (%) 

tap water (Product Environmental Footprint 

Category Rules - Office Chair (Draft), 2018) 
22.5 L landfill 55% 

  incineration 45% 

Note: the other 24 pieces of furniture’s inventory data have been recorded in annex 5. 

5.1.6 Results 

Below are the results of assessment19 that identify the environmental impacts of 

comparing the environmental impact of furniture from different categories, of furniture 

products within one category of different life cycle phases for each piece of furniture, and of 

different processes/materials for each life cycle stage. The following paragraphs provide 

more detailed information and give some design insights. 

To facilitate the understanding of the relative impacts within one comparison group, 

the impact values are expressed in relative percentages, i.e., by setting (normalizing) a certain 

furniture/phase/process to 100% and rescaling the other impact to lower/higher percentages. 

(1) Comparison of all cases 

Firstly, the environmental impacts of all furniture products across 8 categories were 

compared to identify the overall trend. Table 9 shows that, in general, sofas (group 3), 

storages (group 6), desks (group 7), and workspaces (group 8) have higher environmental 

impacts compared to task chairs (group 1), chairs (group 2), stools (group 4), and coffee 

tables (group 5). One plausible reason for this difference is that the former groups consume 

much more materials than the latter groups. After analyzing Table 10, we observe that the 

 
19 The assessments are expressed in the form of impacts aggregated into a single value (in %), by the EF method. The 

Environmental Footprint (EF) method is the impact assessment method adopted in the EF transition phase of the European 

commission. The method includes the normalization and weighting factor. The EF method includes the flowing 

environmental categories: climate change, ozone depletion, ionizing radiation – human health, photochemical ozone 

formation – human health, particulate matter, human toxicity (non-cancer), human toxicity (cancer), acidification 

(terrestrial and freshwater), eutrophication (marine), eutrophication (terrestrial), ecotoxicity (freshwater), land use, water 

use, resource use (fossils), resource use (minerals and metals). 
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environmental impact of furniture generally presents a positive correlation to its weight (with 

the same function time), except for some particular cases (chair 2.1-1, sofa 3.4, and storage 

6.2). 

Table 9 The overall environmental impacts comparison of 25 cases  

 

Note: Each value in the table is a single score value. The environmental impact of sofa 3.2 has been 

standardized as 100%. The other furniture’s impact is rescaled to lower/higher percentages.  

Table 10 The cross-comparison of the environmental impact and weight of 25 cases 
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Note: Each environmental impact value in the table is a single score value. The environmental impact and 

weight of sofa 3.2 has been standardized as 100%. The other furniture’s impact and weight are rescaled to 

lower/higher percentages.  

Table 11 The environmental impact of 25 cases along the life cycle (unit: mpt) 

 1.1 1.2 1.3 2.1-1 2.1-2 2.2 2.3 2.4 3.1 3.2 3.3 3.4 

PP 6.52 5.51 6.89 221.12  1.03  2.02  1.62  0.93  33.64  19.55  7.24  20.08  

P 1.37 1.73 2.16 0.01  0.01  0.55  0.45  0.53  4.88  2.45  2.04  2.96  

DT 0.29 0.80 1.00 0.01  0.02  0.56  0.07  0.57  4.10  3.26  1.07  0.83  

U 0.05 0.01 0.01 0.01  0.00  0.01  0.01  0.01  0.02  0.25  0.18  0.18  

DP 0.27 0.67 0.84 0.02  0.01  0.19  0.09  0.17  2.02  0.24  0.51  0.69  

SUM 8.50 8.71 10.89 221.17  1.07  3.33  2.24  2.20  44.66  25.74  11.04  24.74  

Note: Each value in the table is a single score value, two decimal places. PP-Pre-production, P-Production, 

DIS-Distribution, U-Use, EoL-End-of-life. 1.1 to 8 are the number for each assessed piece of furniture, see 

Figure 13. 

Table 12 Environmental impact of 25 pieces of furniture in 5 life cycle stages (unit: %) 

 1.1 1.2 1.3 2.1-1 2.1-2 2.2 2.3 2.4 3.1 3.2 3.3 3.4 

PP 76.70 63.23 63.23 99.98 96.19 60.69 72.18 42.25 75.33 75.92 81.16 65.60 

P 16.14 19.82 19.82 0.01 1.20 16.54 20.15 23.99 10.93 9.52 11.97 18.49 

DT 3.41 9.16 9.16 0.01 1.45 16.95 3.07 25.74 9.18 12.66 3.36 9.65 

U 0.63 0.10 0.10 0.004 0.33 0.26 0.40 0.40 0.04 0.97 0.74 1.66 

EoL 3.13 7.69 7.69 0.01 0.83 5.56 4.20 7.61 4.52 0.93 2.77 4.60 

SUM 100 100 100 100 100 100 100 100 100 100 100 100 

4.1 4.2 5.1 5.2 6.1 6.2 6.3 7.1 7.2 7.3 7.4 7.5 8 

81.66 89.17 78.09 71.49 82.86 74.27 62.92 80.01 78.06 77.56 75.30 96.70 71.49 

9.63 5.39 11.21 1.37 14.10 16.85 17.67 15.76 16.26 15.08 14.44 1.04 11.43 

6.46 2.63 9.92 26.57 2.36 8.13 18.87 3.73 5.06 6.66 9.13 1.41 15.35 

0.95 2.41 0.36 0.49 0.12 0.09 0.19 0.08 0.10 0.15 0.31 0.52 0.07 

1.29 0.40 0.42 0.08 0.55 0.65 0.34 0.42 0.52 0.55 0.83 0.33 1.66 

100 100 100 100 100 100 100 100 100 100 100 100 100 

Note: The value is a single score value, standardized based on the sum value for each piece of furniture (the 

environmental impact of each piece of furniture has been standardized as 100%, each life cycle stage’s impact 

is rescaled to lower percentages). PP-Pre-production, P-Production, DIS-Distribution, U-Use, EoL-End-of-life. 

1.1 to 8 are the numbers for each assessed piece of furniture. See Figure 13. 

The environmental impact of 25 pieces of furniture in 5 life cycle stages is presented 

in Table 11 and Table 12 (single score). The pre-production stage exhibits the highest impact 

value for all 25 cases, ranging from 42.25% to 99.98%, with an average impact of 76%. The 

production stage contributes to the total impact with values ranging from 0.01% to 24%, with 

4.1 4.2 5.1 5.2 6.1 6.2 6.3 7.1 7.2 7.3 7.4 7.5 8 

5.68  2.02  1.92  1.30  33.62  14.48  5.76  17.25  14.48  9.18  4.37  3.27  184.93  

0.67  0.05  0.28  0.02  5.72  3.29  1.62  3.40  3.02  1.78  0.84  0.04  29.57  

0.45  0.23  0.24  0.48  0.96  1.59  1.73  0.80  0.94  0.79  0.53  0.05  39.71  

0.07  0.01  0.01  0.01  0.05  0.02  0.02  0.02  0.02  0.02  0.02  0.02  0.18  

0.09  0.02  0.01  0.00  0.22  0.13  0.03  0.09  0.10  0.06  0.05  0.01  4.29  

6.96  2.33  2.46  1.82  40.58  19.50  9.15  21.56  18.55  11.83  5.81  3.38  258.68  
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an average impact of 13% which is the second highest. The distribution stage shows 

variations from 0.01% to 27%, with an average impact of 9%, while the end-of-life stage's 

impact ranges from 0.01% to 8%, with an average impact of 2%. Finally, the use stage 

demonstrates the lowest impact, ranging from 0.004% to 2%, with an average impact of 

0.46%. 

Design insights 

The data from Table 10 indicate that the overall environmental impact is significantly 

influenced by the weight per functional unit. Furniture with higher weight per functional unit 

tends to have a higher overall impact. Therefore, given the decisive role of design, designers 

should be encouraged to design furniture with as minimal weight (per functional unit) as 

possible to minimize its environmental impact. For achieving it, considering the definition of 

FU is ‘the use of one furniture piece for one average person based on a general frequency 

over a period of 15 years in an office/household environment’, different strategies could be 

applied, including reducing the materials use for furniture; extending the life span of 

furniture; and intensifying the use of furniture by different (or the same) users, etc. 

Moreover, when assessing the environmental impact of a certain furniture piece 

across all stages of its life cycle, the pre-production consistently accounts for the largest share 

across all furniture items, as indicated by the data presented in Table 11 and Table 12. 

Therefore, the adoption of strategies to reduce the environmental impacts of pre-production 

should be given priority at the design stage. 

(2) Comparison of all life cycle stages for a single type of furniture_an example 

The examination of all furniture cases gives an overall picture of the environmental 

impact of furniture as a whole. In this chapter, the comparison of furniture pieces from the 

same category helps to identify what characteristics lead to higher/lower impact. The 

environmental impacts of furniture pieces from 7 categories (expect the workspace one) were 
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compared. This part shows an example of three task chairs with some insights. The 

comparisons of the other 7 categories have been detailed recorded in annex 6. 

Table 13 The overall environmental impact comparison of 3 task chairs (single score, EF method) 

 

 Note: The environmental impact of task chair 1.3 has been standardized as 100%. The other task chairs’ 

impact is rescaled to lower percentages.  

Table 14 The environmental impact comparison for each life cycle stage of 3 task chairs (single score, EF 

method). 

 
Note: the environmental impact of task chair 1.1_pre-production stage has been standardized as 100%. The 

other life stages’ impacts are rescaled to lower percentages.  
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Design insights 

Surprisingly, by comparing the inventory data of task chair 1.1 (14.05 kg per FU with 

27% recycled materials) and 1.3 (20.26 kg per FU, with 52% recycled materials), although 

task chair 1.3 has higher percentage of recycled materials, it still has higher impact. One 

possible reason for this is assumed that material consumption (per FU) has a greater impact 

on environmental performance than material recyclability. It becomes evident that designers 

should prioritize “reducing the materials consumption” per FU, rather than “using recycled 

materials”, as it significantly diminishes the environmental impact. 

When further examining the environmental impacts of each of the 3 task chairs in 

terms of the different life cycle stages (Table 14), some specific findings are revealed. In 

distribution stage, Task Chair (TC) 1.2 exhibits a higher impact compared with the TC 1.3, 

which even though TC 1.3 has a higher weight to be transported. Arguably, it may suggest 

that employing sea shipment methods (TC 1.3) assists better in reducing environmental 

impact compared to using lorries. Similarly, TC 1.1 presents a higher impact than the others 

during the use stage. This may be because that the electricity consumption associated with 

cleaning the upholstery part plays an important role in furniture’s environmental performance 

during the use stage. In summary, we recommend that the potential for mitigating 

environmental impacts through the use of different modes of transportation, and users’ 

maintenance activities (i.e. cleaning methods) should be taken into account even at the design 

phase. 

(3) Comparison of all life cycle stages for a single piece of furniture 

After conducting a comparative analysis of the environmental impact of furniture 

pieces within the same category, I proceeded to conduct a detailed analysis of the 

environmental impact of each individual piece. This involved comparing the environmental 

impact at each stage of the life cycle (including pre-production, production, distribution, use, 
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and end-of-life stages), as well as assessing the materials and processes involved in each 

stage for each furniture piece. The goal was to identify the most critical stages, materials, and 

processes that could be targeted for intervention to mitigate the environmental impact of each 

furniture piece. This analysis delves into a higher level of detail, encompassing all 25 

furniture pieces. The corresponding data can be found in Annex 6. To illustrate the 

significance of these detailed findings and their relevance to design decision-making, we will 

use Case Task Chait 1.3 as an illustrative example. 

Table 15 The environmental impact comparison for Task Chair 1.3’s each life cycle stage (single score, EF 

method) 

 

Note: The environmental impact of the pre-production stage has been standardized as 100%. The other life 

stage’s impact is rescaled to lower percentages. 

Table 15 presents the environmental impact of Task Chair 1.3 across its five life cycle 

phases, considering the functional unit. The analysis reveals that the pre-production stage has 

the highest impact, amounting to three times the impact of the production stage. 

Comparatively, the distribution stage contributes only 2% of the pre-production stage's 

impact, the end-of-life stage accounts for 6%, and the use stage registers 0%.  Detailed 

explanations of the impacts of each stage of TC 1.3 (as an example) are provided separately 
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in the subsequent paragraphs. These explanations aim to provide designers with evidence-

based guidance, empowering them to make environmentally beneficial decisions with 

informed judgment. 

(4) Comparison of all materials and/or processes per life cycle stage 

Pre-production stage 

Table 16 The environmental impact comparison for Task chair 1.3’s pre-production stage (single score, EF 

method) 

 

Note: The environmental impact of Polyimide has been standardized as 100%. The other materials’ impact is 

rescaled to lower percentages.) pp represents Polypropylene. 

The pre-production stage significantly influences the environmental impact of task 

chair 1.3, with Table 16 providing a comprehensive breakdown of each material's 

contribution. Among the materials used, polyamide (4.49 kg), low-alloyed steel (1.63 kg), 

and PP (2.20 kg) have the most substantial impact on the environment during this stage. In 

contrast, recycled aluminum presents an impact of zero even though it is the most heavily 

used material (6.58 kg) in TC 1.3. This is because the environmental impact during the pre-

production stage is predominantly associated with the complex processes of primary 
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materials extraction, transportation, and production. Recycled aluminum primarily avoids 

extraction and production, thus presenting considerably lower environmental impact. 

Design insights 

Therefore, as a phased summary synthesizing the previous discussion, when 

considering the goal of designing environmentally sustainable furniture with reduced 

environmental impacts in the pre-production stage of its life cycle, a significant emphasis lies 

in minimizing material consumption. Designers have various strategies to achieve this goal. 

For instance, they can avoid designing over-dimensioned furniture and instead opt for 

appropriate dimensions; the reduction of resource consumption can be achieved through the 

utilization of reinforced structures to replace and eliminate non-functional components, 

representing effective approaches in this regard (see more design guidelines in chapter 7.1.3).  

Besides, another highly beneficial avenue is to design and incorporate recycled 

materials, which inherently carry a significantly lower environmental impact. Thus, designers 

are strongly advised to prioritize using recycled or renewable materials (e.g. materials derived 

from discarded products) when selecting materials to substantially reduce the environmental 

burdens of furniture pre-production. Moreover, incorporating certified wood as a renewable 

resource is an environmentally sound practice that should be considered (see more design 

guidelines in chapter 7.1.3). 

In addition, since the pre-production stage encompasses impacts primarily associated 

with resource acquisition, delivery, and energy consumption for raw material transformation, 

it is arguable that the selection of materials (in the Pre-production stage) with lower 

environmental impacts per functional unit during design proves effective in alleviating 

environmental burdens compared to prioritizing other stages in the life cycle such as 

production, distribution, use or end-of-life. Table 17 shows an environmental impact 

comparison of frequently used raw materials for furniture production in the pre-production 
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stage. For example, the consumption of 1 kg recycled aluminum showed no impact, 

compared with 1 kg of primary aluminum which showed an impact of 196%. Therefore, it 

can be concluded that recycled aluminum with the same function unit shows lower 

environmental impact than primary aluminum, thus is more recommended in the Pre-

production stage. 
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Table 17 The environmental impact of main materials in furniture production per 1 Kg (single score, EF 3.1 

method). 

 

Note: This table compares the environmental impact of 1 Kg of different materials. The environmental impact 

from 1 KG steel is standardized as 100%. 
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Production stage 

Table 18 The environmental impact comparison for Task Chair 1.3’s Production stage (single score, EF method) 

 

Note: The environmental impact of Injection molding’ has been standardized as 100%. The other process’s 

impact is rescaled to lower percentages. 

For task chair 1.3, In the production stage, the ’injection molding’ process emerges as 

the most impactful, closely trailed by impact extraction of aluminum, polymer foaming, and 

extrusion. The magnitude of impact during this stage is intricately linked to the energy 

consumed during these processes. Accordingly, the possible design measures could include 

selecting processing technologies with the lowest energy consumption possible (e.g. 

extrusion of plastic sheets and thermoforming in this case), (see more design guidelines in 

chapter 7.1.3). 
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Distribution stage 

Table 19 The environmental impact comparison for Task Chair 1.3’s distribution stage (single score, EF 

method). 

 

Note: The environmental impact of ‘corrugated board box’ has been standardized as 100%. The other 

processes’ impacts are rescaled to lower percentages. 

At the distribution stage, the greatest environmental impact is primarily attributed to 

the preparation and treatment of packaging materials (particularly the corrugated board box), 

as well as transportation activities, accounting for 100% and 80% respectively, in the case TC 

1.3. It is therefore important to minimize the impact of packaging materials during design, 

with the possible measures including avoiding packaging, applying materials only when 

absolutely necessary (e.g. packaging solely for safeguarding essential components), see more 

details in chapter 7.1.3. 
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Table 20 The environmental impact of four different means of transportation (weight: 1000 kg, distance: 1000 

km) 

 

Design insights 

For transportation, minimizing or eliminating transportation is also a recommended 

strategy for reducing environmental burdens, which can be achieved in a variety of methods, 

such as optimizing logistics, incorporating on-site assembly for furniture, and designing 

compact, stackable, and lightweight furniture, among other measures, etc., see more design 

guidelines in chapter 7.1.3. 

Use stage 

Table 21 The environmental impact comparison for Task Chair 1.1’s use stage (single score, EF method). 

 

Note: The environmental impact of ‘electricity’ has been standardized as 100%. The other process’s impact is 

rescaled to lower percentages. 
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The environmental impact of furniture during the use stage results mainly from user 

maintenance behavior, which is related to design (e.g. material selection and structure 

design). For example, TC 1.1 is designed with upholstered components, which is cleaned by 

the user with a vacuum cleaner that consumes electricity. Therefore, for the same functional 

unit, it is recommended to avoid the use of upholstered and textile-made components, in 

order to avoid electricity consumption during maintenance such as cleaning which is 

identified as a major factor in the environmental impact of furniture in use stage for task chair 

1.3. 

End-of-life stage 

Table 22 The environmental impact comparison for Task Chair 1.3’s end-of-life stage (single score, EF method) 

 

Note: The environmental impact of ‘waste plastic (I)’ has been standardized as 100%. The other process’s 

impact is rescaled to lower percentages. (I) represents incineration; (L) represents landfill. 

The end-of-life stage is modeled based on an average scenario, where 55% of 

furniture is disposed of in landfills as municipal solid waste, while the remaining 45% 

undergoes incineration (Castellani et al., 2019). The model used for this stage is the 
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allocation, cut-off by the classification system, which considers the environmental burden 

during incineration but not any credits generated from the process (such as heat or 

electricity). As a result of this modeling approach, all incineration processes exhibit a higher 

environmental impact than the landfill process for the end-of-life of the same material. To 

address this limitation and gain more comprehensive insights into the environmental 

implications of varying treatment methods in the end-of-life stage, the study recommends 

modeling each end-of-life method separately. Nonetheless, certain components, such as those 

made of metal, may have a significantly longer lifespan compared to components made of 

materials like plastic. Hence, it is worth for designers to consider the differing durability of 

various components and striving to maximize their longevity comprehensively in the design 

process. For example, incorporating features that facilitate easy disassembly and separation 

for further use can promote notable environmental advantages.    

As a conclusion, this chapter gives some examples from the task chair category. 

Detailed furniture life cycle data such as the comparison among different furniture from each 

same category; different life cycle stages for each furniture and different processes/materials 

for each life cycle stage were detailed recorded in the annex files. Designers are encouraged 

to explore in detail these valuable data to guide the design process. The detailed Life cycle 

environmental impact for 25 pieces of furniture is recorded in annex 6. 

5.1.7 Conclusions 

To comprehensively understand the overview of environmental impact of furniture, 

this research presents a complex Life Cycle Assessment (LCA) of 25 pieces of office and 

household furniture from 8 different categories.  It also unveils a comprehensive trend 

regarding the environmental impact across the various life cycle stages of furniture through 

analyzing the LCA data: 
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• Findings from this LCA data consistently reveal that the pre-production stage exerts 

the highest environmental impact. 

• In 15 out of the 25 cases examined, the production phase ranks as the second most 

impactful stage, though it demonstrates much better environmental performance than 

the pre-production stage.  

• Meanwhile, in 9 out of 25 cases, the distribution stage is identified as the second most 

impacting stage. 

• The end-of-life phase exhibits notably low impact when compared to both the pre-

production and production phases. 

Across all cases, the use phase consistently showcases favorable environmental 

performance. The impact incurred during this stage is significantly lower than all other 

phases and with an average impact of 0.2% when compared to the whole life cycle impact. 

With the same functional unit, furniture comprising a higher proportion of metal 

exhibits a greater environmental impact than furniture made primarily of plastic, while wood-

made furniture demonstrates superior environmental performance compared to metal and 

plastic variants. For instance, within the chair category, chairs crafted from plastic and metal 

(2.2, 2.3, and 2.4) have approximately 2-3 times the environmental impact of their wood-

made counterparts. Similarly, in the storage category, steel-based furniture (6.1) carries 

roughly double the environmental impact of furniture made from a combination of wood and 

steel (6.2), and approximately 5 times the impact of wood-made storage (6.3). 

Upon analyzing the inventory data from the 25 cases, it becomes evident that steel 

and aluminum are the most frequently employed metals in furniture manufacturing. Notably, 

the use of recycled aluminum demonstrates significantly better environmental performance 

compared to primary aluminum.  

Among other materials used in furniture production, wool stands out with an 

incredibly high environmental impact. For instance, the use of 0.09 kg of wool generates an 

environmental impact 545 times greater than that of 0.4 kg of timber (Chair 2.1-1 case). 
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Therefore, avoiding wool in upholstered furniture is strongly recommended to mitigate its 

environmental impact. 

Generally, the environmental impacts of different processes exhibit a similar trend 

with the weight of materials treated during the production stage. For example, if steel is the 

most used material, the corresponding impact of steel extrusion will have the highest impact. 

In terms of furniture packaging during transportation, corrugated board and PE 

(polyethylene) are frequently used packaging materials. Based on the assessed data from the 

25 cases, the environmental impact caused by packaging materials surpasses that of 

transportation. However, this depends on specific distances covered and tools utilized, 

necessitating individual case analysis to gain a more accurate understanding. Considering 

various means of transportation, air transportation has the highest environmental impact, 

followed by transportation by truck, train, and water. 

During the use stage of the furniture life cycle, the most commonly used resources are 

water for cleaning, electricity for cleaning upholstered furniture, and soap for cleaning cloth. 

Among these, electricity has a higher environmental impact compared to water. Additionally, 

when soap is used, it generates a higher environmental impact than water. However, it is 

worth noting that no inventory data indicates any instances of repair, refurbishment, or 

upgrading of furniture, which are crucial practices for extending the lifetime of furniture 

products and reducing overall environmental impact and are recommended for further 

research investigations and application in design practices. 

Regarding end-of-life, with an average end-of-life scenario, incineration of materials 

has a higher impact than material landfill. Looking at different end-of-life treatment 

processes, the treatment of plastics shows a higher environmental impact than other materials. 
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5.2 Case study: Characteristics of environmentally Sustainable 

Furniture Products 

This chapter collected and analyzed 41 sustainable furniture product cases. The 

objective of this step was to develop an understanding of their sustainable characteristics, 

environmental advantages, design interventions/approaches for mitigating environmental 

impact. The method and results are reported in the following paragraphs. 

 5.2.1 Method: case study 

Sampling strategy. Once the research aim was established, the initial step involved 

the selection of cases for analysis. To ensure the robustness of the results, the case study 

analysis was structured following the principles of maximum variation sampling (Miles & 

Huberman, 1994) and data triangulation (Yin, 1994). The case study involved collecting data 

with maximum variation, including cases with different design interventions, design 

approaches, and sustainable benefits, capturing diverse perspectives from various cases 

(heterogeneous), and identifying common patterns across these variations (homogeneous). 

On the other hand, this study employed data triangulation strategy to ensure reliability and 

enhance the overall validity. Sources of information included scientific papers, reports from 

international organizations, news articles from websites, company reports and websites, field 

investigation on the Salone di mobile, as well as semi-structured interviews with furniture 

companies.  

Case selection criteria. The criteria for selecting environmentally sustainable 

furniture product cases were as follows: (1) Inclusion of furniture pieces from different 

categories, including office and household furniture (e.g., chairs, tables, sofas, storage, etc.); 

(2) Exclusion of products in the concept stage; only products that have been officially 
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launched were considered; (3) Inclusion of furniture pieces with environmental sustainability 

characteristics. 

Case analysis. For the case analysis, a specific format (see Annex 1) was designed to 

collect the required information. This format was structured into the following sections: (1) 

General Information: This section covered details about the producer or designer, the 

furniture or series name, location, contact information, and the source of information. (2) 

Furniture Product Characteristics: Information in this section encompassed the furniture 

category, design characteristics, applied design strategies, life cycle stages of intervention, 

and the approach used for intervention. (3) Sustainable Benefits. (4) Limits and Constraints 

Encountered. Each case was assigned a unique case number marked with "#" for 

identification. The primary design approaches were denoted with "A*", while detailed design 

approaches were marked with "B*". For instance, in the #1 case - Ripple Table, the general 

information revealed that it is designed by Layer Design in the UK. This specific product 

implemented the design strategy of 'Reducing material consumption,' resulting in a reduction 

of environmental impact across various stages, including the Pre-production stage, the 

Production stage, the Distribution stage, and the End-of-Life stage. It achieved this by 

decreasing the weight of raw materials to be prepared (pre-production), processed 

(production), transported (distribution), and treated (end-of-life). The specific design 

approach employed for the Ripple Table was "reinforced structure (A1)" through the use of 

"corrugated plywood (B1)". Following the analysis of each individual case, a cross-case 

study analysis was conducted to draw broader insights and conclusions. 
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5.2.2 Results 

The study uncovered a range of (potential) sustainable benefits across 41 cases, each 

showcasing distinct environmental advantages and applied different design strategies20. 

Notably, 31% of the cases indicated the possibility of furniture use extension or 

intensification, while 20% demonstrated benefits related to reducing energy consumption. 

Furthermore, 17% of the cases highlighted the possibility of prolonging the lifespan of 

materials, and 15% exhibited advantages concerning resource conservation and 

biocompatibility. Additionally, 14% of the cases emphasized the benefits of reducing 

material consumption, and 3% showed potential for toxicity reduction. 

Furniture use extension or intensification 

Furniture use extension or intensification can have a substantial impact on the 

environment across multiple stages of the furniture life cycle, encompassing pre-production, 

production, distribution, and end-of-life stages. This strategy is detailed into five primary 

design approaches (marked with "A*") as identified from the case studies. These design 

approaches are further detailed with 14 specific sub-approaches (marked with "B*"), as 

outlined in Table 23. 

Table 23 Design approaches for 'Furniture Use Extension', implemented by furniture companies and designers 

within the 41 furniture product cases analyzed 

The design approaches for 'Furniture Use Extension or intensification' 

design approaches detailed design sub-approaches Number of cases 

 
20 Design strategies serve as broad visions that steer design directions. Within the Life Cycle Design (LCD) framework, there 

are 6 general design strategies, namely: Product lifespan optimization, Extending the lifespan of materials, Minimizing 

materials consumption, Optimizing resources renewability and biocompatibility, Minimizing energy consumption and 

Minimizing resource toxicity and harmfulness (Vezzoli, 2018). The initial case study analysis aligned with these general LCD 

strategies. Subsequently, following the development of furniture-specific LCD strategies, complete with sub-strategies and 

guidelines (as outlined in Chapter 7), each case was then associated with these more specific design strategies. In this 

results section, I present cases aligned with the furniture-specific LCD strategies. It's important to note that the research did 

not follow a linear process. 
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A6 modular system 

B10 Modularity with different functions #5, #13 

B35 Modularity with different sizes #16 

B36 changeable shapes (e.g., bed, sofa) #15 

A7 disassemble and assembly 

connections 

B11 embedded nuts #6 

B14 zipper connections #8, #12, #19 

B15 Reduction in the number of 

components/connections 
#8, #9, #10 

B18 Tupperware-like connections #17 

B19 wedge dowel connections #20 

B31 buckle connections #30 

B34 special brackets and cut-outs  #41 

A8 multi-functions 
B12 changeable dimensions (e.g., beds) #7 

B36 changeable shapes (e.g., beds, closets) #11 

A9 standardization B13 universal components #8 

A15 uses strong materials B9 Incorporation of metal as raw materials #37 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

Reduce energy consumption of the furniture system  

Reducing energy consumption of the furniture system through design innovations 

primarily influences one category of consumption (energy) and affects mainly the distribution 

stage (the transportation process) and use (energy for cleaning and transportation if any). This 

strategy is detailed into four primary design approaches (marked with "A*") as identified 

from the case studies. These design approaches are further detailed with 7 specific sub-

approaches (marked with "B*"), as outlined in Table 24. 

Table 24 Design approaches for ‘Reduce the energy consumption of the furniture system', implemented by 

furniture companies and designers within the 41 furniture product cases analyzed 

The design approaches for "Reducing the energy consumption of the furniture system" 

design approaches detailed design approaches Number of cases 

A2 reduced packaging volume 

B3 stackable design #3, #21 

B22 flat packaging #23, #30, #42 

B25 vacuum packaging #25 

B32 inflation assembly/disassembly #31 

A3 distributed economy 
B4 use of local raw materials #3, #4 

B17 on-site assembly #16, #39 
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A12 enhancing environmental benefits 

rather than reducing impacts 

B24 integration of energy generation 

mechanisms 
#24 

A14 lightweight   #31 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

Furniture materials life extension  

Furniture material life extension can have a substantial impact on the environment 

during the end-of-life and pre-production stages. This strategy is detailed into four primary 

design approaches (marked with "A*") as identified from the case studies. These design 

approaches are further detailed with 12 specific sub-approaches (marked with "B*"), as 

outlined in Table 25. 

Table 25 Design approaches for ‘Furniture materials life extension’, implemented by furniture companies and 

designers within the 41 furniture product cases analyzed 

The design approaches for “Furniture materials life extension” 

design approaches detailed design approaches case number 

A5 use of low-impact 

materials_renewable/non-

exhaustible/biocompatible materials 

B8 use of recyclable materials #4 

A7 disassemble and assembly connections 

B14 zipper connections #19 

B18 tupperware-like connections #17 

B19 wedge dowel connections #20 

B31 buckle connections #18, #30 

B11 embedded nuts #6 

B15 reduction in the number of 

components/connections 
#8, #9, #10 

B34 special brackets and cut-outs  #41 

A10 mono-materials 

B7 3D printing technology #4 

B20 plastic molding processes #18, #30 

B37 aluminium extrusion #21 

A11 easier recycling B21 materials marking #22 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

Resource conservation and biocompatibility for furniture  

Resources conservation/biocompatibility for furniture predominantly influences the 

environmental categories of resources use_fossils and resources use_minerals and metals. 
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This strategy is detailed into one primary design approaches (marked with "A*") as identified 

from the case studies. These design approaches are further detailed with 5 specific sub-

approaches (marked with "B*"), as outlined in Table 26. 

Table 26 Design approaches for ‘Resources conservation/biocompatibility for furniture’, implemented by 

furniture companies and designers within the 41 furniture product cases analyzed 

The design approaches for “Resources conservation/biocompatibility for furniture” 

design approaches detailed design approaches case number 

A5 use of low-impact 

materials_renewable/non-

exhaustible/biocompatible 

materials 

B6 utilization of waste plastic from other sectors #4 

B8 use of recyclable materials #4 

B16 utilization of waste components from other furniture 

within the same sector 
#35, #42 

B23 use of sustainably sourced materials #23, #38 

B33 utilization of renewable materials (e.g., bamboo, palm 

leaves, rattan) 
#36, #39 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

Reduce material consumption of furniture 

Reducing material consumption of furniture plays a significant role in shaping the 

environmental impact across several stages of the furniture life cycle, namely pre-production, 

production, distribution, and end of life. This strategy is detailed into three primary design 

approaches (marked with "A*") as identified from the case studies. These design approaches 

are further detailed with 7 specific sub-approaches (marked with "B*"), as outlined in Table 

27. 

Table 27 Design approaches for ‘Reduce material consumption of furniture system', implemented by furniture 

companies and designers within the 41 furniture product cases analyzed 

The design approaches for ‘Reduce material consumption of furniture system' 

design approaches detailed design approaches case number 

A1 reinforced structure  

B1 corrugated plywood #1 

B2 ribbed structure #2, #29 

B27 cross inset structure #27 

A4 one-piece molding B5 incorporation of bent wood craft #3 
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B7 3d printing technology #4 

B30 compression molding #30 

A13 avoids packaging waste B28 packaging as component(s) #28 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

Reduce toxicity of the furniture system 

Reducing toxicity of the furniture system only affects several specific categories 

within the furniture life cycle, including the toxicity_cancer and toxicity_non cancer. This 

strategy is detailed into one primary design approaches (marked with "A*") as identified from 

the case studies. These design approaches are further detailed with 2 specific sub-approaches 

(marked with "B*"), as outlined in Table 28. 

Table 28 Design approaches for ‘Reduce toxicity of the furniture system’, implemented by furniture companies 

and designers within the 41 furniture product cases analyzed 

The design approaches for ‘Reducing toxicity of the furniture system’ 

design approaches detailed design approaches case number 

A5 use of low-impact 

materials_renewable/non-

exhaustible/biocompatible materials 

B23 use of sustainably sourced 

materials 
#32 

B29 water-based glues #38 

Note: #N refers to the number of a case, see Annex 3_ Case study innovation intervention_furniture 

products_coding 

In conclusion, through the case study, 15 design approaches and 36 design sub-

approaches were identified, the coding details are recorded in annex 3. These design insights 

were integrated into the development of furniture-specific Life Cycle Design guidelines in 

chapter 7.1. 

 A total of 41 case cards were developed with a designed format and made available 

with open access ethos, see annex 2. An example is provided in Figure 25. These case cards 

serve as valuable resources for brainstorming and have been linked with the design guidelines 

and been seamlessly integrated into a toolkit_the ICSxFurniture toolkit, as detailed in the 

second research stage (Chapter 7.2.1). 
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All the cases featured in these cards showcased environmentally sustainable benefits 

and applied innovative design approaches. However, it's worth noting that only 7 of these 

cases incorporated the Life Cycle approach, considering the sustainable possibilities across 

the entire furniture life cycle. For instance, the task chair from 'Orange Box' Figure 25 (#17) 

accounts for both furniture life extension and material life extension. Most cases focused on 

dedicated design approaches that target specific indicators, such as the case presented in 

Figure 26 (#37), which primarily emphasizes using recycled materials. 

 
Figure 24 A case card of a sustainable furniture product with Life Cycle Design consideration  
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Figure 25 A case card of a sustainable furniture product with single design indicator 

5.3 Semi-structured interview and desk research: the nowadays 

application of sustainable product design guidelines, methods, 

and tools in furniture companies and by furniture designers 

In this research, a combination of semi-structured interviews (with practitioners and 

experts) and desk research was employed to gather the most current knowledge on the design 

of sustainable furniture products as employed by furniture companies. The specific objectives 

of these activities were: (1) To gain insight into the environmentally sustainable furniture 

design approaches, strategies, and tools employed by furniture companies. (2) To validate the 

findings from the case studies through semi-structured interviews. 

To comprehend the approaches and design strategies employed by furniture 

companies in the realm of furniture life cycle design (LCD), various aspects were 
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investigated. This study delved into the utilization of different furniture LCD strategies, 

encompassing but not limited to the following: 1) furniture use extension/intensification; 2) 

furniture materials life extension (recycling, energy recovering, composting); 3) design for 

furniture disassembly; 4) reduce material consumption of furniture; 5) resources 

conservation/ biocompatibility for furniture (renewable materials/energy, biodegradable 

materials, non-exhausting resources, etc.); 6)reduce toxicity of the furniture system; 7) reduce 

energy consumption of the furniture system21. Another facet of the research involved an 

exploration of the extent to which these strategies are implemented, either in the furniture 

products or by designers. 

To gain insight into the methods and tools employed by furniture companies in the 

development of sustainable furniture products, this study examined the tools utilized at 

various stages of the design process. The investigation focused on the identification of design 

strategy priorities, generation of sustainable ideas, qualitative evaluation of existing products 

and new concepts, as well as the application of Life Cycle Assessment (LCA). The study 

further explored the specific purposes for which LCA tools are employed in the context of 

sustainable furniture product design. 

5.3.1 Method 

The qualitative interview stands out as a powerful and flexible method for capturing 

individuals' voices and their unique ways of constructing meaning from their experiences 

(Rabionet, 2011). Particularly, the semi-structured interview has gained widespread acclaim 

 
21 The 7 furniture-specific LCD strategies employed in the interviews were formulated during the second research stage, 

specifically detailed in Chapter 7.1. It's crucial to emphasize that this research did not follow a linear process. Following the 

definition of these furniture-specific LCD strategies, interviews were subsequently conducted. The insights generated from 

these interviews were then iteratively applied to developing furniture-specific LCD guidelines, marking a dynamic and 

interactive progression in the research methodology. 
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as a robust data collection technique owing to its demonstrated versatility and adaptability 

(Kallio et al., 2016).  

In the context of sustainable furniture design, the findings derived from the semi-

structured interview were utilized to explain a phenomenon. To maintain coherence in the 

narrative and effectively organize the discussion, an interview manuscript was crafted. 

Notably, terms such as "Design for Sustainability" were employed instead of "Circular 

Design," and design techniques were drawn from the "Handbook for Sustainable Furniture 

System Design." It is noteworthy that both the interviewer and participants shared common 

interests in engaging in a meaningful dialogue and exchanging ideas regarding sustainable 

furniture (system) design throughout the interview process. 

Process 

The research commenced with desk research, involving the analysis of 22 furniture 

companies with a focus on the mentioned aspects. Subsequently, 10 of these companies were 

selected for more in-depth examination through semi-structured interviews. Prior to the 

interviews, all potential participants were contacted to provide background information, 

objectives, processes, tools, expected durations, and scheduling details. An interview 

manuscript was sent in advance to facilitate comprehension. The interviews were conducted 

using both online platforms, specifically Microsoft Teams, given the prevailing COVID 

circumstances, and offline sessions during the Salone del Mobile event. This approach 

allowed for the engagement of a diverse range of potential interviewees from different 

countries. 

Prepare questions. Based on the objectives, questions were determined before the 

semi-structured interview, so as to offer an organized structure for the discussion during the 

interview. 4 main topics were defined: Application of design for sustainable furniture 

strategies (guidelines) in the company; Application of methods and tools for environmentally 
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sustainable furniture products design; Verification and discussion on the LCA results (only 

for companies who own furniture products that were considered in the LCA in chapter 5.1). 

Plan the documentation process. While questions were formulated in advance, 

respondents were prompted to broaden the scope and delve deeper into the topics, providing 

insights based on real-life scenarios encountered during their work processes. Interviews 

were recorded only with the permission of the interviewees, and notes were diligently taken 

by the interviewer to capture key points of the discussions.  

Reflect on the interview. Each session extended for approximately one hour. 

Throughout the interviews, questions from the manuscript were not only addressed but also 

served as a ground to explore additional, relevant topics. For instance, when respondents 

were asked about the application of specific design strategies for sustainability in their 

companies, the responses went beyond a simple yes or no. Instead, detailed information was 

shared, encompassing the methods used to achieve these strategies and the specific design 

approaches adopted. This interview strategy proved effective in gathering comprehensive and 

valuable information on the predefined questions, enhancing the overall utility of the data 

collected. Despite occasional deviations from the main topic, the structure provided by the 

manuscript facilitated a seamless return to the original subject. Each interview was 

documented through either note-taking or recording. All audio recordings were fully 

transcribed and subjected to thorough analysis as part of this study. 

Sampling 

The main objective of the sampling process is to choose respondents and data sources 

that are anticipated to yield robust, rich, and deep levels of understanding (Thompson, 1999), 

This involves selecting individuals who exhibit characteristics or live in circumstances 

relevant to the phenomenon under investigation (Pope & Mays, 2020). In contrast to 

quantitative research, which often relies on large sample sizes, this interview selects 
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interviewees purposefully on the basis that they are the information-rich case, which can be a 

small sample (Gray, 2014).  

This study examined a total of 22 furniture companies, all of which were investigated 

through desk research and 10 of them were interviewed. These companies were deemed 

promising due to their active engagement in designing sustainable furniture products or 

furniture Sustainable Product-Service Systems (S.PSS). The criteria for their classification as 

promising are as follows: (1) involvement in conducting Life Cycle Assessments (LCA) or 

producing Environmental Product Declarations (EPDs) for their products (13 companies); (2) 

application of furniture S.PSS (16 companies); and (3) promotion of sustainability at Salone 

di Mobile (2 companies). 

The study employed the triangulation approach, incorporating multiple methods and 

data sources (Patton, 1999). The methods utilized in this study encompassed desk research 

and semi-structured interviews. Data were sourced from various outlets, including 

companies’ websites, reports, academic papers, as well as verbal statements provided by 

designers or managers from design or sustainable development/research departments. 

Table 29 Sampling of investigated companies/design studios 

number company location sampling method 

1 Flokk Norway EPD, S.PSS Semi-structured interview, Desk research 

2 Nordic Comfort Norway EPD, S.PSS Semi-structured interview, Desk research 

3 For a form AS Norway EPD, S.PSS Semi-structured interview, Desk research 

4 IKEA Sweden LCA, S.PSS Semi-structured interview and desk 

research, Desk research 

5 Shangpin home China S.PSS Semi-structured interview, Desk research 

6 Gispen The nether 

land 

S.PSS Semi-structured interview, Desk research 

7 Presikhaaf 

Schoolmeubelen 

The nether 

land 

S.PSS Semi-structured interview, Desk research 

8 Ahrend The nether 

land 

S.PSS Semi-structured interview, Desk research 
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9 Opnieuw! The nether 

land 

S.PSS Desk research 

10 Vitra Switzerland S.PSS Desk research 

11 Lyght Living 

Furniture Leasing 

Germany S.PSS Desk research 

12 Furlenco India S.PSS Desk research 

13 Aarsland 

Møbelfabrikk AS 

Norway EPD, S.PSS Desk research 

14 Arper Italy EPD, Salone, 

S.PSS 

Semi-structured interview and desk 

research 

15 Helland Møbler 

AS 

Estonia EPD Desk research 

16 Svenheim 

Møbelindustri AS 

Lithuania EPD Desk research 

17 Wiesner-Hager Austria EPD Desk research 

18 Koleksiyon Turkey EPD Desk research 

19 Benchmark UK EPD, S.PSS Desk research 

20 Bisley UK EPD, S.PSS Desk research 

21 Herman miller USA EPD, S.PSS Desk research 

22 Capdell Spain Salone, S.PSS Semi-structured interview and desk 

research 

5.3.2 Result 

The first step after the investigation was reading, and re-reading the transcripts 

(Maguire & Delahunt, 2017). The goal was to gain familiarity with the data before 

proceeding to the next analytical step. For each investigation, a report was formulated, 

exemplified as follows. Subsequently, an overarching result of the investigation was derived. 

A sustainable design report for each company_an example of Gispen 

• Aim: to discuss Gispen’s Environmentally sustainable furniture design approaches, 

strategies and tools 

• Location: Microsoft teams 

• Duration: 45 minutes 
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Interviewee: Dionne Ewen (sustainability manager)

 

Figure 26 The interview with Gispen 

Topics 

(1) Design for environmentally sustainable furniture products approaches, strategies. 

Gispen offers new and remanufactured office furniture, adopting a suite of 

environmentally sustainable furniture design strategies: 

For ‘Furniture Use Extension/Intensification’, Gispen works on enhancing 

adaptability. Their furniture designs are easily adaptable on-site and at any time to meet new 

requirements. They prioritize the creation of modular furniture that allows easy 

(dis)assembly, providing flexibility, upgradability, and adaptability. In essence, they 

emphasize the use of as many intermediate products as possible. All Gispen products are 

designed with the intention of reusing furniture products, modules, or components. The 

company strives to produce durable and high-quality furniture. 

In terms of 'Design for Furniture Disassembly,' all furniture pieces by Gispen are 

designed for ease of disassembly. The assembly process involves screws, magnets, or Snap-

On connections, and no special tools are needed for (dis)assembly. Gispen ensures that 

interchangeable modules, parts, and components are always taken into consideration during 

the design phase. 

Concerning 'Reduce Material Consumption of Furniture,' Gispen designs furniture 

pieces with minimized volume, weight, and packaging. They adopt a sustainable approach by 

collecting and recovering all residual powder generated during the powder coating processes 
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for further use. Small particles generated from the design process are returned to the 

manufacturer for subsequent production. Additionally, 3D technology is considered when 

necessary to prevent material waste. The ultimate goal is to minimize waste, aiming for no 

waste throughout the entire life cycle. 

Concerning 'Furniture Materials Life Extension,' Gispen utilizes materials that are 

easily recyclable or suitable for reuse. In the context of 'Resources Conservation/ 

Biocompatibility for Furniture,' Gispen opts for sustainability by using recycled materials, 

renewable energy/materials, and sustainable fabrics. Their fabric choices include renewable 

jute and recycled plastics, and they are committed to avoiding the use of energy from non-

renewable resources or virgin materials. For 'Reduce Toxicity of The Furniture System,' 

Gispen prioritizes the use of non-toxic substances or coatings in their furniture manufacturing 

processes. Regarding 'Reduce Energy Consumption of the Furniture System,' Gispen employs 

local resources and implements carefully planned, clever logistics. These strategies are 

consistently applied to the majority of their products, accounting for 80% of their product 

range, and are embraced by all designers to inspire innovative design ideas. 

(2) Design for environmentally sustainable furniture products methods and tools 

Gispen employs a 'Design sprint' method encompassing a design process from 

mapping to sketching, deciding, prototyping, and testing. Sustainability is consistently a 

pivotal consideration throughout this process. 

In the 'map' stage, designers initiate the process with a comprehensive design 

framework containing 47 statements categorized into 7 themes—materials, production, 

(dis)assembly, logistics, maintenance, upgrade, reuse, and return. This framework aids in the 

selection of materials, production methods, transportation methods, and maintenance 

possibilities. 
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During the 'sketch' stage, the design framework serves as a tool to evaluate the 

concept. Priorities are established, giving precedence to reuse or functional adjustments 

during use, followed by rebuilding a product, and ultimately recycling materials. 

In the 'test' stage, Gispen conducts Life Cycle Assessments (LCA) for certain products 

to assess sustainable performance, utilizing tools such as the Circular Life Cycle Analysis 

tool (C-LCA) and eco chain. 

All data from the interviews and desk research conducted on the investigated 

companies have been recorded in reports. Subsequently, a comprehensive analysis was 

undertaken after recording detailed information. 

5.3.3 The nowadays application of product Life Cycle Design knowledge and 

know-how in furniture companies 

(1) The application of LCD strategies 

Across all seven furniture Life Cycle Design (LCD) strategies, the most widely 

recognized and acknowledged strategies primarily revolved around material improvements. 

Notably, the strategy of "Materials Life Extension" stand out with the highest 

acknowledgment and application percentage, reaching 91%. This achievement is attributed to 

practices such as materials recycling or energy recovery through combustion.  

Following closely was the strategy of "Resources Conservation/ Biocompatibility," 

which pertained to the utilization of renewable and non-exhaustible resources. For instance, 

some companies reported using FSC certified wood, GOTS certified fabrics, PEFC certified 

wood, etc. A significant portion, 82% of the companies, apply approaches relevant to this 

strategy. 
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The strategy of "Use Extension or Intensification" ranked as the third most recognized 

strategy, with 73% of the investigated companies applying it. Following closely were the 

strategies of "Reduce Materials Consumption" and "Reduce Toxicity," both adopted by 64% 

of the companies. The strategy of "Reduce Energy Consumption" was implemented by 59% 

of the investigated companies. Notably, the least adopted strategy was "Design for 

Disassembly," with only 36% adoption among the investigated companies. 

Given that all the investigated companies are actively engaged in design for 

sustainability, it is noteworthy that each company adopts at least one strategy from the 

identified set. 

Among all the investigated companies, only 7 explicitly mentioned (either orally or 

on their websites) that they have a structured approach to guide their design activities. 

Notable examples include Flokk, which developed a 5-3 philosophy with design principles. 

Fora Form AS adhered to certification requirements such as FSC and chemical standards. 

IKEA has formulated its democratic design approach and circular design guide principles. 

Gispen utilized a circular design framework and a checklist comprising 47 statements. Ahrent 

followed the general Ecodesign guidelines set by the EU, while Arper aligned with the Good 

Environmental Choice Australia principles. This observation suggested a demand for detailed 

and actionable instructions in the realm of sustainable design practices. 

(2) The use of methods and tools 

• Method for Life Cycle Design (LCD): 3 companies employed method that focus 

explicitly on sustainability, 4 incorporates sustainability to some extent, and 2 did not 

specifically address sustainability; 

• Tools for LCD strategies prioritization: 4 companies utilized tools to prioritize LCD 

strategies, while 6 did not use such tools, and 1 company had a predefined priority; 

• Tools for ideas generation: 5 companies employed tools for generating sustainable 

design ideas, while 3 did not utilize such tools; 
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• Use of Life Cycle Assessment (LCA) tools at the design beginning: 4 companies 

integrated LCA tools at the outset of the design process, whereas 6 companies did not; 

• Use of LCA Tools throughout the process: 3 companies incorporated LCA tools at 

various stages of the design process, while 7 companies did not use them in this 

context. 

In terms of design methods and tools, 7 companies incorporated sustainability into 

their general design process, while 1 company focused the entire design process exclusively 

on sustainability. The remaining companies did not integrate sustainability into their design 

processes. 

Among the strategies applied, only 1 company utilized tools to define design 

priorities. Notably, 1 company prioritized 'use extension' without employing any specific 

tools, while 2 companies prioritized on material considerations, leveraging tools such as the 

"Material Safety Data Sheet." Other companies did not define design priorities. 

About tools for ideas generation, only 5 companies applied some tools in this design 

stage. For Flokk, apart from the 5-3 design philosophy, they have a list of materials to be 

used; IKEA uses the circular design guide for ideas generation; Gispen has a framework and 

a list of statements for idea generation; Ahrend has a list of sustainable and circular design 

principles to be followed. 

Regarding tools for ideas generation, only 5 companies applied tools in this stage. For 

instance, Flokk utilized a 5-3 design philosophy with a list of priority materials, IKEA 

employed the circular design guide, Gispen used a framework and a list of statements for idea 

generation, and Ahrend relied on a list of sustainable and circular design principles. 

For tools related to qualitative evaluation, Flokk employed the 5-3 design philosophy 

for concept evaluation, and Gispen applied a design framework in the form of spider web 

diagram. 
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Concerning the application of Life Cycle Assessment (LCA), 17 companies utilized 

LCA methods, including tools like LCA.no, EPD generation tools, Circular Life Cycle 

Analysis tool (C-LCA), eco chain, GHG protocol, etc. However, only 4 companies applied 

LCA at the beginning of the design process, and 3 integrated it along the design process. 

Table 30 The application of LCD tool among interviewed companies 

 

In the examination of furniture companies committed to sustainable development, a 

significant proportion were observed to adopt various design strategies. However, a notable 

finding was that only 7 companies have a well-defined design approach to guide their 

processes, while others predominantly relied on the intelligence of their designers. 

Furthermore, only one company employed a sustainable design method, whereas 7 

companies used a general design method. 

Despite 17 companies applying Life Cycle Assessment (LCA) for their products, the 

full potential of LCA remained underutilized across the industry. The research emphasized 

the critical role of designers in influencing the environmental impacts of their designs if the 

detailed life cycle impacts were notified. Notably, the ability to effectively mitigate both 

Initial Embodied Impacts and whole-life impacts diminishes as the design progresses 

(Estokova & Porhincak, 2015; London, 2017; Treasury, 2013). In other words, applying LCA 
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at the beginning and throughout the design process proves more effective than applying it 

solely at the end. 

In conclusion, the investigation underscored a deficiency in appropriate and 

comprehensive approaches, methods, and tools to guide furniture design processes toward 

sustainable solutions. Designers predominantly relied on their own knowledge, emphasizing 

the need for a furniture product Life Cycle Design (LCD) method and supporting tools. These 

tools should aid in sustainable idea generation, strategy priority definition, and qualitative 

evaluation, backed by a consolidated knowledge base. 

5.4 An overall understanding of environmentally sustainable 

furniture products 

5.4.1 Life cycle 

The entire life cycle of a piece of furniture encompasses a series of activities and 

processes that consume resources such as materials and energy. These activities undergo 

transformations and generate various emissions. Typically, to facilitate the mapping of the 

life cycle of furniture, these activities and processes are categorized into five phases: pre-

production, production, distribution, use, and end-of-life. 

The study's conclusion indicates that if the entire impact of furniture is set at 100%, 

the average impact distribution across different stages is as follows: pre-production stage 

contributes 76%, production stage 13%, distribution stage 9%, use stage 0.46%, and end-of-

life stage 2%. Activities in the pre-production stage primarily involve resource (materials and 

energy) extraction and production. The production stage includes manufacturing, assembly, 

and finishing processes. Distribution stage activities mainly revolve around packaging, 
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transportation, and storage. In the use stage, activities predominantly include cleaning, 

repairing, maintenance, and potential upgrades. Finally, in the end-of-life stage, activities 

encompass landfill, incineration for energy recovery, reuse of components, and recycling of 

materials. A visual representation of these detailed life cycle activities has been synthesized 

in Figure 22, providing a comprehensive overview of the environmental impact distribution 

across the various stages of a furniture's life cycle. 

5.4.2 Functional unit 

When conducting an environmental impact assessment (e.g., Life Cycle Assessment), 

or conducting a Life Cycle Design (LCD), another key issue is the definition of Functional 

Unit (FU). Basically, the functional unit for furniture is a key approach for both the 

environmental impact assessment and the furniture Life Cycle Design (LCD). In other terms, 

it is not the physical furniture that will be studied, but its function, i.e., its services and the 

supplied results (Shi et al., 2016). All impacts of processes that are involved in satisfying the 

given function by the examined furniture are under assessment. 

5.4.3 Design strategies 

This research conducted a thorough analysis of the application of design strategies in 

best cases. The study adopted the general LCD strategies tailored for the furniture sector, as 

outlined in Table 31. Each strategy has the potential to impact specific stage(s) within the life 

cycle of furniture. Furniture use extension/intensification can significantly reduce the 

environmental impact throughout various stages of the furniture life cycle, including pre-

production, production, distribution, and end of life. Furniture material's life extension mainly 

affects the impacts happened at the end-of-life and pre-production stages. Reduced material 

consumption of furniture plays a significant role in shaping the environmental impact across 
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several stages of the furniture life cycle, namely pre-production, production, distribution, and 

end of life. Reducing energy consumption of the furniture system through design innovations 

primarily influences one category of consumption (energy) and affects mainly the distribution 

stage (the transportation process) and use (energy for cleaning and transportation if any). 

Resources conservation/biocompatibility for furniture predominantly influences the 

environmental categories of resources use_fossils and resources use_minerals and metals. 

Reducing the toxicity of the furniture system only affects several specific categories within 

the furniture life cycle, including the toxicity_cancer and toxicity_non cancer. 

Table 31 The general LCD strategies (Vezzoli, 2018), and the furniture-specific LCD strategies 

General LCD strategies Furniture-specific LCD strategies 

Product lifespan optimization Furniture use extension/intensification  

Extending the lifespan of materials Furniture materials life extension  

Minimizing materials consumption Reduce material consumption of furniture  

Optimizing resources renewability and 

biocompatibility 

Resources conservation/biocompatibility for 

furniture  

Minimizing energy consumption Reduce energy consumption of the furniture system  

Minimizing resource toxicity and harmfulness Reduce toxicity of the furniture system  

5.4.4 Design Approaches (guidelines) 

The case study on environmentally sustainable furniture products revealed some 

design characteristics that were coded on two levels of detail. Firstly, the study revealed 15 

design approaches and 36 detailed design sub-approaches. These 15 design approaches 

include A1 reinforced structure, A2 reduced packaging volume, A3 distributed economy, A4 

one-piece molding, A5 use of low-impact materials (renewable/non-

exhaustible/biocompatible materials), A6 modular system, A7 disassembly and assembly 

connections, A8 multi-functions, A9 standardization, A10 mono-materials, A11 easier 

recycling, A12 enhancing environmental benefits rather than reducing impacts, A13 avoiding 

packaging waste, A14 lightweight, A15 use of strong materials. 
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37 detailed design sub-approaches are: B1 - Corrugated plywood, B2 - Ribbed 

structure, B3 - Stackable design, B4 - Use of local raw materials, B5 - Incorporation of bent 

wood craft, B6 - Utilization of waste plastic from other sectors, B7 - Application of 3D 

printing technology, B8 - Use of recyclable materials, B9 - Incorporation of metal as raw 

materials, B10 - Modularity with different functions, B11 - Embedded nuts, B12 - 

Changeable dimensions (e.g., beds), B13 - Universal components, B14 - Zipper connections, 

B15 - Reduction in the number of components/connections, B16 - Utilization of waste 

components from other furniture within the same sector, B17 - On-site assembly, B18 - 

Tupperware-like connections, B19 - Wedge dowel connections, B20 - Plastic molding 

processes, B21 - Materials marking, B22 - Flat packaging, B23 - Use of sustainably sourced 

materials, B24 - Integration of energy generation mechanisms, B25 - Vacuum packaging, 

B26 - Incorporation of recycled materials from the furniture sector or other sectors, B27 - 

Cross-inset structure, B28 - Packaging as component(s), B29 - Water-based glues, B30 - 

Compression molding, B31 - Buckle connections, B32 - Inflation assembly/disassembly, B33 

- Utilization of renewable materials (e.g., bamboo, palm leaves, rattan), B34 - Special 

brackets and cut-outs, B35 - Modularity with different sizes, B36 - Changeable shapes (e.g., 

bed, sofa), B37 aluminum extrusion. 

In conclusion, the characteristics of environmentally sustainable furniture systems are 

summarized in Figure 27. The left part illustrates the furniture products' life cycle stages from 

Pre-production, Production, Use, Distribution, to End-of-life, highlighting the main activities 

in each stage and their average environmental impact. On the right part, the environmentally 

sustainable furniture products' Life Cycle Design (LCD) strategies and approaches, also 

known as guidelines, implemented by furniture companies and designers from case studies 

and semi-structured interviews are illustrated. It is noteworthy that some design 

approaches/sub-approaches are relevant or universal to several different strategies. These 
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universal approaches/sub-approaches are marked in grey. Additionally, the life cycle data (on 

the left) and the design approaches (on the right) are interconnected because these design 

strategies have specific influence on different life cycle stages.  
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Figure 27 An overall understanding of the characteristics of environmentally sustainable furniture products
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Chapter 6 Sustainable furniture Product-Service System 

and innovation opportunities 

6.1 Sustainable Product-Service System: an introduction 

The adverse environmental impacts of the production and consumption system have 

accelerated research into the causes and potential solutions to address these issues. There is 

an increasing recognition of undertaking radical measures towards sustainability. A pivotal 

approach for product innovation, particularly environmentally sustainable product design 

(also referred to as Life Cycle Design, LCD), is crucial to improving products' environmental 

performance concerning the life cycle processes  Ceschin and Gaziulusoy, 2019). However, 

adhering to the traditional business logic of product sales, manufacturers often lack economic 

incentives to optimize sustainability throughout a product's life cycle. For instance, extending 

the product lifespan may not align with their economic interests (Manzini et al., 2003). 

Considering these factors, there is a urgent need to shift from a focus solely on product 

innovation to a more comprehensive and systematic approach. 

A central contemporary question revolves around identifying opportunities within the 

intricate and interrelated environmental, social, and economic crises. Are there any offerings 

or business models capable of generating (new) value while decoupling it from material and 

energy consumption? In other words, can we significantly reduce the environmental impact 

of traditional production/consumption systems?  

Researchers emphasize the significance of system innovations, wherein discussions 

extend beyond individual products to encompass production processes, artifacts, consumption 

patterns, and access to goods and services (Adams et al., 2015; Brezet, 1997; Manzini, 2002). 



 

167 

In this context, the Sustainable Product-Service System (S.PSS) emerges as a promising 

approach which has been under studying since the late 1990s (European Commission, 2020; 

Goedkoop et al., 1999; Manzini, 2002; Manzini & Vezzoli, 2003; Mont, 2002; Stahel, 1997; 

Tukker, 2004; UNEP, 2002; Vezzoli et al., 2014). Recent studies have confirmed that S.PSS 

is a highly promising business model, extending access to goods and services even to low- 

and middle-income users, thereby enhancing social equity and cohesion (Vezzoli, 2018; 

Vezzoli et al., 2021b). Importantly, it represents a win-win offer model that integrates the 

three dimensions of sustainability: economic, environmental, and socio-ethical. The 

definition of an S.PSS is as follows: "an offer model providing an integrated mix of products 

and services that, together, fulfill a particular customer/user demand (delivering a 'unit of 

satisfaction'). It is based on innovative interactions between stakeholders in the value 

production system (satisfaction system), where the ownership of the product/s and/or the life 

cycle services costs/responsibilities remain with the provider/s. This ensures that the same 

provider/s continuously seek/s environmentally and/or socio-ethically beneficial new 

solutions with economic benefits"(Vezzoli et al., 2021). S.PSSs are value propositions that 

introduce significant innovation on different levels: 

• PSS redirects the business focus from merely selling products to providing a "unit of 

satisfaction," encompassing a combination of products and services that collectively 

achieve ultimate user satisfaction. 

• PSS alters the perceived value by the customer/end-user, moving from individual 

ownership to access to goods and services. 

• PSS pivots the primary focus of innovation from a technological standpoint to 

innovation at the stakeholder interaction level. 

This approach aligns with the European Union's Circular Economy action plan, which 

advocates for incentivizing models like "product-as-a-service," where producers retain 

ownership of the product or responsibility for its performance throughout its lifecycle 

(European Commission, 2020). Crucially, in the core understanding of our discussion, S.PSSs 
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represent offer models with a win-win sustainability potential. In other words, they are 

business models capable of generating (new) value, detaching it from resource consumption, 

reducing negative environmental impact, extending access to goods and services to low- and 

middle-income individuals, and simultaneously fostering social equity and cohesion. 

This PhD work primarily centers on the environmental and economic dimensions. 

Thus, the question arises: When is a Sustainable Product-Service System (S.PSS) eco-

efficient? More precisely, when does an S.PSS successfully decouple economic interests 

from both an increase in resource consumption and a decrease in environmental impacts? In 

simpler terms, why and under what circumstances is an S.PSS producer/provider 

economically motivated to design for environmental sustainability?  

An S.PSS is considered eco-efficient when the product ownership and/or the 

economic responsibility for its life cycle performance remains with the producers/providers 

who sell a unit of satisfaction rather than just the product. In this scenario, S.PSS shifts or 

allocates the direct economic and competitive interest from reduced environmental impacts of 

the products and/or services onto the stakeholder. Consequently, within an S.PSS model, a 

product Life Cycle Design (LCD) or eco-design approach becomes economically beneficial. 

In other words, an S.PSS producer/provider is economically interested in designing for 

(Vezzoli et al., 2018): 

• product lifespan extension and use intensification; 

• material life extension (recycling, energy recovery, composting); 

• material consumption minimizations; 

• energy consumption minimizations; 

• resources’ (materials and energy) renewability/biocompatibility; 

• resources’ (materials and energy) toxicity/harmfulness minimization. 
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6.2 Sustainable Furniture Product-Service System environmental 

and economic potential win-win benefits22 

Based on the literature, this section formulates hypotheses suggesting that Sustainable 

Product-Service Systems (S.PSS) for the furniture system could yield win-win benefits for 

environmental sustainability and economic prosperity in the aforementioned six aspects, each 

with its own distinctive characteristics.  

6.2.1 S.PSS for furniture facilitates furniture use extension 

What happens when the furniture S.PSS provider is offering the furniture products 

retaining the ownership and being paid per unit of satisfaction, or offers all-inclusive 

furniture with maintenance, repair, upgrade, reconfiguration, substitution, and end-of-life 

treatment? The longer the furniture or its components last (yielding environmental benefits), 

the more the furniture producer/provider avoids disposal costs, as well as the costs of pre-

production, production, and distribution of new furniture substituting the disposed one 

(resulting in economic benefits), as illustrated in Figure 28. Consequently, the furniture 

producer/provider is incentivized by economic considerations to design for the lifespan 

extension of furniture. 

6.2.2 S.PSS for furniture facilitates furniture use intensification 

What happens when the furniture S.PSS provider is selling a shred use of furniture to 

various users?Tthe more intensively the furniture is used (leading to environmental benefits), 

 
22 This chapter, 6.2, refers to the paper published by the author entitled “A Case Study Analysis of the Furniture System 

From Sustainable Product-Service System Design Perspective” (Vezzoli & Yang, 2021). 
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the higher the profit (resulting in economic benefits). Consequently, the furniture 

producer/provider is motivated by economic interests to enhance the intensity of furniture 

use. See Figure 29. 

 

Figure 28 The win-win benefits of S.PSS for furniture (furniture life extension) 

 

Figure 29 The win-win benefits of S.PSS for furniture (furniture use intensification) 
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6.2.3 S.PSS for furniture facilitates material life extension (recycling, energy 

recovery) 

What happens when the furniture S.PSS provider is selling all-inclusive furniture with 

its end-of-life treatment? The more the materials are either recycled or incinerated with 

energy recovery (leading to environmental benefits), the more costs are avoided related to 

landfilling, the purchase of new primary materials, or energy (resulting in economic benefits), 

as depicted in Figure 30. Hence, the furniture producer/provider is driven by economic 

interests to design for material life extension (utilizing recycling, energy recovery, etc.).  

 

Figure 30 The win-win benefits of S.PSS for furniture (material life extension) 

6.2.4 S.PSS for furniture facilitates resource consumption minimization 

What happens when the furniture S.PSS provider is selling all-inclusive access to 

furniture and is responsible for the resources (i.e., materials and energies) it consumes during 

its life cycle stages? The higher the resource efficiency in all furniture life cycle stages 

(resulting in environmental benefits), the higher the profit (leading to economic benefits), as 
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illustrated in Figure 31. Hence, the furniture producer/provider is driven by economic 

interests to design/offer furniture and/or services that minimize resource consumption.  

 

Figure 31 The win-win benefits of S.PSS for furniture (resource consumption minimization) 

6.2.5 S.PSS for furniture facilitates resource renewability/biocompatibility 

What happens when the furniture S.PSS provider is selling access to the workstation 

with all-inclusive the energy, with payment per period/time/satisfaction (e.g., furniture and 

energy production unit)? The higher the proportion of passive/renewable sources (resulting in 

environmental benefits), the higher the profit, i.e., the payment minus (among other costs) the 

costs of sources (leading to economic benefits). Hence, the furniture producer/provider is 

driven by economic interests to design (offer) for resource renewability. See Figure 32. 
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Figure 32 The win-win benefits of S.PSS for furniture (resources renewability/ biocompatibility) 

In summary, Sustainable Product-Service Systems (S.PSS) for furniture encompass 

two key aspects: 1) the design of a specific furniture satisfaction unit and all related furniture 

products and services, and 2) the design of interactions among stakeholders (i.e., offer model) 

within a particular furniture satisfaction system. Within the S.PSS for furniture framework, 

there is potential for providers to consistently seek environmentally beneficial furniture 

solutions for economic reasons. In essence, the financial interests of furniture providers 

(manufacturers) serve as an incentive for the design of environmentally sustainable furniture 

products. These hypotheses are explored and substantiated in the subsequent chapters through 

case studies and semi-structured interviews. 
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6.3 Case Study and a semi-structured interview: existing 

characteristics of Sustainable Furniture Product Service 

Systems23 

The theory regarding the application of S.PSS in sustainable furniture design is 

limited. Some proposed furniture PSSs are not primarily focused on sustainability but rather 

on new market opportunities. In this research, the Case study method is chosen as it is 

coherent for studying new areas and issues where little theory is available (Eisenhardt, 1989; 

Yin, 2014). Since evidence from multiple case studies is often considered more robust 

(Herriott & Firestone, 1983), multiple case studies are conducted in this paper. Selection 

criteria for cases and the format for information analysis are defined. A total of 44 furniture 

S.PSS cases have been thoroughly analyzed. Subsequently, a cross-case analysis is conducted 

to verify the similarities and differences of S.PSS offer models among cases. Afterwards, 

semi-structured interviews were carried out to verify cases, discuss companies’ application of 

furniture S.PSSD approaches, methods, and tools, and confirm the win-win benefits observed 

during their practical implementation. 

The case study and semi-structured interviews have several objectives. Firstly, it aims 

to identify the key elements and characteristics of furniture S.PSS. Secondly, it aims to verify 

and characterize S.PSS’s win-win economic and environmental benefits for furniture 

systems, thus verifying the hypotheses made in chapter 6.2. This involves examining whether 

and under what conditions applying the S.PSS approaches to furniture design and offering 

makes the provider economically interested in improving furniture’s environmental 

 
23 Within this chapter, the method and results of the furniture S.PSS case study analysis refers to the authors publication 

entitled “A Case Study Analysis of the Furniture System From Sustainable Product-Service System Design Perspective” 

(Vezzoli & Yang, 2021). 
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performance. Both objectives seek to identify common characteristics of furniture S.PSS. 

Thirdly, the study aims to draw a comprehensive archetypal S.PSS map for furniture that 

represents a sustainable furniture system. Lastly, the study aims to understand the need for 

furniture-specific S.PSS design approaches, methods, and tools.  

6.3.1 Method 

Sampling Strategy: Similar to the furniture product case study, the case analysis of 

furniture S.PSS adopted a maximum variation sampling (Miles & Huberman, 1994) and data 

triangulation strategy (Yin, 1994). Information sources for the case studies included 

companies’ reports and websites, interviews with furniture companies, and scientific papers 

about the cases, reports from international organizations mentioning the cases, as well as 

news and articles from websites. The use of various data sources and methods, including desk 

research, literature review, and semi-structured interviews, enhances reliability and validity 

by providing a comprehensive and diverse perspective on the subject. 

Case Collection: The research on S.PSS applied to furniture is conducted through 

literature review and desk research. Initially, a literature review is carried out using keywords 

such as ‘furniture’ or ‘furniture design’; ‘sustainable’ or ‘sustainability’ or ‘design for 

sustainability’ or ‘Product-service system’; ‘case study’ or ‘case analyses' or ‘case' with the 

Google Scholar tool to identify relevant furniture cases. Subsequently, desk research is 

conducted across three European Union-funded furniture projects, three research institutions’ 

websites, over 42 furniture companies’ websites, and five online interviews or videos. 

Through the literature review and desk research, 44 sustainable furniture PSS cases are 

identified, originating from 15 scientific papers, one book, one furniture project (Katch-e), 

and three research institutions (LeNS network, Ellen Macarthur Foundation, and Wrap). All 
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these cases align with the general definition of Sustainable Product-Service System, as 

presented in chapter 6.1. 

Case Analysis: A structured case study format (see Figure 33, also in Annex 1) has 

been designed for the collection and analysis of case information. This format encompasses 

various aspects, including the offered furniture products and services (referred to as the 

satisfaction unit), stakeholder configuration, sustainable benefits, and more. The case study 

format is organized into the following sections: 

• General information: Brand, location, contacts, start year, project state, video 

(interview or introduction), and source of case’s information; 

• Furniture product analysis: (i) Furniture characteristics, including category, main 

materials, and life cycle design strategies; (ii) Furniture description; (iii) Sustainable 

benefits; 

• Furniture PSS analysis: (i) System characteristics, including providers, customer, 

S.PSS type, satisfaction unit, offered products, offered services; ownership of 

products, and payment methods; (ii) System description; (iii) Sustainable benefits of 

the system, covering environmental, socio-ethical, and economic benefits; (iv) 

Stakeholders’ interaction, illustrated with a system map; 

• Limits and barriers of the system (if any); 

• Pictures: Visual representation of the systems. 

For each case, a comprehensive case analysis is undertaken to compare S.PSS 

configurations for furniture, satisfaction unit, offered product, the ownership, service 

providers, payment methods, and the sustainable win-win benefits, see Figure 33. An 

example of the Gispen case analyzed using this format is provided in the results section to 

demonstrate the application of the format. 
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Figure 33 Case study format 
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Semi-structured interview. Semi-structured interview. A systematic approach was 

followed, encompassing the stages of planning, contact with potential interviewees, question 

preparation, documentation planning, and reflection on the interviews. A total of 22 furniture 

companies underwent thorough investigation through desk research, with subsequent in-depth 

interviews conducted with 10 selected companies. During the planning phase, outreach was 

made to 22 furniture companies, providing them with comprehensive background 

information, objectives, processes, tools, and anticipated durations. Subsequently, 10 of these 

companies were detailed interviewed. To ensure an organized and focused discussion during 

the interviews, an interview manuscript was sent in advance, containing questions aligned 

with the study's objectives. Each interview lasted approximately one hour. To enhance 

accuracy and comprehensiveness, audio recordings were made during the interviews, and 

these recordings were later fully transcribed and analyzed. 

6.3.2 Result 

44 cases have been thoroughly analyzed using the established case study format, 

within which 22 cases were further investigated with extensive desk research and / or during 

semi-structured interviews. Except for the application of S.PSS models in these furniture 

companies, the application of design strategies, methods and tools were investigated, the 

economic and environmental benefits derived from implementing furniture S.PSS were 

verified. The subsequent section provides an overview of one representative Furniture 

Sustainable Product-Service System (S.PSS) cases (from Gispen), illustrating the outcomes 

derived from the comprehensive analyses. Upon cross-referencing all investigated 

companies, common insights were subsequently extracted. 
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General information (Gispen) 

Brand name -Gispen 

Producer/provider /alliance of providers -Gispen 

Company location -The Netherland 

E-mail - info@gispen.nl 

Website - https://www.gispen.com/en/ 

Start (year) -1916 

State -ongoing 

Link to video - https://www.youtube.com/watch?v=XxQwZtVGu-k 

Source of information - KATCHE project, (Bosch et al., 2017; Pergande et al., 

2012; Zancul et al., 2011) 

Furniture products analysis (Gispen) 

(1) Furniture characteristic 

Furniture series (name): Triennial seats 

category - chair 

Main materials -steel, textile, wood, foam 

LCD strategies: 

Furniture use extension/ intensification -use standard components and modular structure; design 

for easy disassembly; 

Material consumption reduction -none 

Material Life Extension for furniture -mono-material strategy; design for easy disassembly 

Toxicity reduction for furniture -none 

Energy Consumption Reduction for 

furniture 

-none 

Resources conservation/biocompatibility -none 

 

(2) Short description of furniture products 

All of Gispen's furniture is well-suited for Furniture-as-a-Service (FaaS), particularly 

the modular collections, such as the Triennial seats. The Triennial seat is constructed using 

75% standard components that are universally applicable to other furniture groups. For 

instance, the backrest of a chair can also be utilized for a bar stool. This design enhances the 

versatility of each component for future life cycles. The series is specifically engineered for 

straightforward disassembly. The backrest can be easily replaced or exchanged on-site by a 

single person within 10 minutes, facilitated by a single screw connection. The textile cover is 

secured with a zipper, ensuring easy on-site upgrades. Material blends are minimized, with 

the frame (steel) and cover (fabric) detachable from the seat (wood and foam). 
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(3) Characteristics of environmental impacts reduction 

The furniture products are designed for disassembly, promoting an extended lifespan 

through potential repair and upgrades. The emphasis on design for disassembly and mono-

material design contributes to the material's life extension, facilitating further recycling. 

Furniture Product-Service System analysis (Gispen) 

(1) System characteristics 

System configuration: B2B or B2C 

Provider/s (role) -Gispen 

customer/s (type) -business or individual 

S.PSS characteristics 

Type of S.PSS -result-oriented, product-oriented, care-oriented 

Unit of satisfaction -users have access to design furniture and all-inclusive 

life cycle services 

Offered product/s (related producer/s) -office furniture 

Ownership of the offered product/s -Gispen 

Offered service/s (related supplier/s) - delivery, installation, maintenance (annual check-ups, 

regular cleaning), repair, upgrade, replacement, and 

reconfiguration (when the users’ needs change), take 

back, and so on. 

Access payment -pay per month/ pay for furniture with services 

 

(2) System description 

Gispen offers various plans (including offices furniture and different services) for the 

final users. Firstly, Gispen sells office furniture accompanied by additional services, 

including (1) planned and unplanned maintenance, covering preventive (periodic checkups 

and maintenance) and corrective measures (repair, cleaning services); (2) value retention 

through component additions or removals to enhance functionality or design; (3) a furniture 

management system incorporating QR codes or RFID tags for monitoring and registering 

furniture details (info like location, brand, product type, age, purchase price, replacement 

cost, picture, colors and dimensions); (4) take-back services for remanufacturing; (5) 

furniture refurbishment; (6) office furniture relocation; and (7) circular product design, 
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focusing on revival and remaking. Users can tailor these services within their contracts. This 

is afterwards defined as product-oriented furniture S.PSS.  

Secondly, Gispen has other offers in which Gispen retain the ownership of furniture 

and provide services like the furniture management system which is managed by end-users 

themselves. This is afterwards defied as care-oriented furniture S.PSS.  

Thirdly, Gispen offers a 'Furniture as a Service (FaaS)' solution, providing users with 

a subscription model for leasing office furniture and associated all-inclusive services through 

a fixed monthly fee. Gispen retains ownership and delivers well-designed furniture, suitable 

for refurbishing and remaking, accompanied by comprehensive services such as delivery, 

installation, maintenance (annual check-ups, regular cleaning), repair, upgrade, replacement, 

reconfiguration (as users' needs change), take-back, and more. The stakeholder interaction is 

illustrated in Figure 34. Customers pay based on the period of use. 

(3) Environmental benefits of the system 

Gispen's furniture S.PSS yields both environmental and economic win-win benefits 

observed during case analysis and were confirmed during the interview. As Gispen retains 

ownership and receives payment monthly, there is an economic incentive for Gispen to 

design furniture for life extension, as the longer the furniture lasts, the greater the benefits. 

Additionally, designing for material life extension, including recycling, becomes 

economically beneficial for Gispen by reducing the costs associated with purchasing new 

materials. The offer also supports minimization of resource consumption. Specifically, the 

furniture management system prevents furniture idleness, while the use of recycled materials 

reduces raw material consumption and smart logistics minimize energy consumption during 

transportation. 

In this case, the furniture products are intentionally designed with modularity and 

easy assembly/disassembly. Furthermore, each piece of furniture is equipped with a QR code 
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that displays crucial information such as material source, composition, and expected lifespan. 

These design characteristics create the foundation for an all-inclusive service model, 

encompassing maintenance, repair, upgrades, replacements, reconfigurations, and take-back 

for refurbishment or reuse. The win-win economic and environmental benefit arises from the 

simplicity and economic viability of reusing or refurbishing furniture. The disassembly 

structure and integrated IoT information make it easy to repair or upgrade furniture by 

exchanging specific components. This economic incentive for the provider to opt for 

reuse/refurbishment over new production extends the life of the furniture system and 

conserves materials. 

A total of 41 case cards were developed with a designed format and made available 

with open access ethos, see annex 4. 

 

Figure 34 Stakeholders interaction for Gispen case (system map) 

The application of S.PSSD methods and tools (Gispen) 

To develop these offers (or furniture S.PSSs), Gispen adopts different design methods 

and tools. About design method, Gispen adopts the Dynamics Methodology to formulate the 
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Furniture Sustainable Product-Service System (S.PSS) or business model. This methodology 

involves the following steps: (1) Defining the most crucial central Key Performance 

Indicators (KPIs); (2) Identifying relevant variables within the causal-context model; (3) 

Establishing and quantifying relationships between central KPIs and variables in the model; 

(4) Validating the model structure and behavior at both levels (Bosch et al., 2017). In the 

S.PSS design process, Gispen utilizes the Vensim© tool. 

6.3.3 The nowadays application of S.PSS knowledge and know-how in furniture 

companies 

Gispen was demonstrated as a prime example of applying S.PSSD approaches, 

methods, and tools. Through cross-comparing all cases, the study identified a deficiency in 

knowledge and know-how for furniture S.PSSD in contemporary furniture companies. 

The application of furniture S.PSSD. The application of furniture S.PSSD reveals 

that out of 22 furniture companies analyzed (refer to Table 29), 17 were implementing 

product-oriented S.PSS, while 7 were adopting care-oriented or result-oriented S.PSS. These 

companies engaging in furniture S.PSS confirmed the assumed win-win economic and 

environmental benefits for furniture. While product-oriented S.PSS, added value to the 

furniture's life cycle, is widely embraced by furniture companies, the adoption of care-

oriented S.PSS (enabling furniture care platforms for customers) and result-oriented S.PSS 

(providing access to furniture and full services) remains limited. Despite the higher potential 

in environmental impact reduction with the latter two models (Tukker, 2004), their 

application is not as well-developed. 

The application of method and tools to design furniture S.PSS. Regarding the 

design of furniture S.PSS, one company utilized the business model canvas, although it is not 

relevant to sustainability. Conversely, one company employed the dynamics methodology, 
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which is relevant to sustainability. The current situation revealed a deficiency in appropriate 

and comprehensive approaches, methods, and tools to steer the furniture S.PSSD process 

toward sustainable solutions, with designers primarily relying on their individual knowledge. 

Specifically, there is an absence of a knowledge base and know-how specific to Furniture 

S.PSSD, including strategies, design methods, supporting tools for strategic analysis, S.PSSD 

idea generation, S.PSS description, and qualitative evaluation. 

Table 32 The application of S.PSSD types, achieved win-win benefits and methods among interviewed 

companies 

+ 

6.3.4 Characteristics of furniture S.PSS and a conceptual framework 

6.3.4.1 key elements of furniture S.PSS and characteristics 

The offered furniture products in these exemplary cases are diverse, encompassing 

primarily office furniture, household furniture, a combination of office and household 

furniture, 3D printing products, furniture machines, co-housing/co-working spaces, and 

houses. 
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Furniture Product types. The range of offered office furniture varies, encompassing 

general ones found in an office setting, a package of office furniture with facilities and office 

spaces, locally crafted office furniture, remanufactured/refurbished/second-hand office 

furniture, and ergonomic chairs. Household furniture offerings include general household 

furniture, furnishings, appliances, second-hand household furniture, and furniture made from 

specific materials like plastic. 3D printing products comprise both furniture and various small 

items. Furniture machines are included among the offerings, providing users access to 

furniture machines for creating their own furniture, either independently or through a nearby 

third party. Co-housing and co-working spaces fall under the offered products, with co-

housing spaces facilitating shared furniture use and co-working spaces enabling shared office 

furniture use and the utilization of furniture machines for crafting. Houses are also part of the 

offerings, providing inspirational ideas in two specific cases. 

Furniture product characteristics. In certain cases, furniture products are 

intentionally designed for sustainability, while in others, sustainability considerations may 

not be as prominent. Notably, sustainably designed furniture products exhibit key 

characteristics such as 3D printing, ease of disassembly, flat-packaging, integration of 

Internet of Things (IoT) technology, utilization of local materials, modular design, and 

customization. 

Services. The services offered within these furniture S.PSS models span all stages of 

stakeholder interaction, including design, pre-production, production, distribution, use, and 

end-of-life. In the design phase, a platform owner facilitates the connection between end-

users and designers, ensuring the distribution of quality design work at fair prices. 

Additionally, design work-checking services are provided to ensure the final quality of 3D 

printing products, along with quoting services. For refurbished/remanufactured furniture to 

align with the surrounding environment, providers offer interior design and layout planning 
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services. Some providers also involve users in the design process, allowing them to co-create 

final products based on customized demands. 

During the pre-production stage, certain providers offer services to assist users of 3D 

printing furniture in procuring materials. In the production stage, a platform owner facilitates 

the connection between end-users and local producers to enable local furniture production. 

Some providers extend co-production services, including furniture-making training, to 

involve end-users in the production stage. This involvement is aimed at creating specific 

memories associated with using the furniture, contributing to emotionally durable design. 

Additionally, some providers grant access to furniture machines and offer maintenance 

services for these machines. At times, distribution is offered as an additional service. 

Throughout the distribution process, services such as online purchasing and order tracking 

functions are provided. 

The use stage involves a variety of services. Consultancy services, including training 

in ergonomically use of task chairs and correction of sitting gestures, are provided to users. 

Some providers offer apps to provide additional useful information, such as maintaining 

healthy sitting positions. Additional tools may be provided for ergonomics adjustment or 

furniture inventory management to facilitate continued use. Services such as installation, 

regular cleaning, and maintenance are offered to keep the furniture in good condition, along 

with repair or replacement services to extend its use. Aesthetics, technological retrofits, 

culture/aesthetic/function/technology upgrades, reconfiguration, refurbishing, relocation, and 

removal services are also provided. For co-working offers, staff reception services may be 

included. Some of these services fall under warranty. 

At the end of the furniture's life, some providers offer comprehensive services such as 

take-back, buy-back, furniture checking and reselling, and furniture exchange. See the 

following table. 
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Table 33 The numerosity of service types within the 44 furniture S.PSS cases analyzed 

stages services Number of cases 

design, finding 

collaborators 

connection (user with designer), design (co-creation), design 

(interior), design supporting (analysis, fixing the 3D file, 

preview), design work, platform (open access), quote design 

works 

8 

(#1, #24, #25, #27, 

#28, #38, #40, #43) 

 

PP material procurement 3 

(#25, #30, #38) 

P co-production (furniture-making training), connection (users 

with local craftsmen/3D printer owners), maintenance (spaces 

and machines) 

5 

(#28, #29, #33, #34, 

#37) 

DIS Delivery, online services for purchasing, tracking 11 

(#4, #14, #16, #17, 

#22, #23, #24, #25, 

#26, #30, #38) 

USE Consultancy services (ergonomics training, sitting gesture 

correction), mobile APPs for information, additional tools to 

enable users of ergonomics adjustment or furniture inventory 

management, installation, regular cleaning or maintenance, 

repair or replacement, aesthetic/technologic Retrofits, 

culture/aesthetic/function/technology upgrades, reconfiguration, 

refurbishing, relocation, remove, staff reception 

24 

(#1, #2, #3, #4, #5, #6, 

#7, #9, #11, #12, #13, 

#14, #15, #16, #17, 

#18, #22, #23, #24, 

#26, #27, #32, #34, 

#41) 

 

EOL take-back, buy-back, furniture checking and reselling, furniture 

exchange 

9 

(#1, #5, #14, #17, #18, 

#19, #20, #39, #44) 

Note: PP – Pre-production, P – Production, DIS – Distribution, EOL – End of life. #N refers to the number of a 

case, see Annex 8 _Case study_furniture S.PSS_coding 

Stakeholders. To provide the diverse range of furniture products and services, 

various stakeholders are involved in the system, including: furniture remanufacturers, 

furniture producers, co-working space owners, furniture retailers, second-hand furniture 

sellers, customized furniture producers, platform constructors, furniture machine owners, 

sitting consultants, furniture training institutions, designers, etc. 

Business models. Despite all being classified as furniture S.PSS, these cases present 

distinct business models. These models encompass extended warranty services, co-housing or 

co-working ventures, distributed networks for furniture production and sales, do-it-yourself 

(DIY) furniture or on-site assembly, furniture as a service (FAAS), furniture 
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remanufacturing, furniture renting, second-hand furniture selling or exchanging, prosumer 

models (where the producer is also a consumer), and pre-determined demand strategies. See. 

Table 34 The numerosity of business types within the 44 furniture S.PSS cases analyzed 

Business models Cases numbers 

Extended warranty 2 

(#2, #9) 

co-housing or co-working business 3 

(#15, #18, #41) 

distributed furniture producing and selling network  11 

(#25, #27, #28, #29, #30, #35, #36, #38, #43, 

#33, #34) 

Do-It-Yourself (DIY) 3 

(#26, #33, #34) 

Furniture As a Service (FAAS) 4 

(#4, #5, #6, #14) 

furniture remanufacturing 5 

(#1, #7, #13, #14, #39) 

furniture renting 3 

(#16, #17, #32) 

second-hand furniture selling or exchanging 6 

(#19, #20, #21, #22, #23, #39) 

prosumer (the producer is the consumer) or pre-

determined demand 

3 

(#24, #37, #40) 

Flexible house 2 

(#8, #10) 

Note: #N refers to the number of a case, see Annex 8 _Case study_furniture S.PSS_coding 

5.3.4.2 Definition, Classification of Furniture S.PSS 

Several researchers (Manzini et al., 2003; Tukker, 2004; Vezzoli, 2007; UNEP and 

Delft University of Technology, 2017) have categorized Product-Service Systems (PSSs) into 

three groups: product-oriented PSS, user-oriented PSS, and result-oriented PSS. Based on 

insights from previous furniture S.PSS cases analysis, it becomes apparent that a more 

specific classification is necessary to adequately capture the diversity of offerings in the 

furniture sector. Consequently, the classification of S.PSS for furniture is being refined as 

follows (Table 35)(Vezzoli & Yang, 2021): 



 

191 

• Product-oriented S.PSS for furniture is defined as “S.PSS adding value to the 

furniture's life cycle”. In this offer, a company or an alliance of companies offers 

furniture along with supplementary services (some of the following services such as 

furniture and interior layout co-design, delivery, installation, cleaning, maintenance, 

repair, reconfiguration, refurbishment, upgrading, substitution, ergonomic 

adjustments, take-back or exchange services, and end-of-life treatment, among 

others); or enabling services (such as training, advice, and consultancy to facilitate 

user activities such as delivery, installation, adjustment, assembly, maintenance, 

repair, upgrading, substitution, reconfiguration and refurbishment). The aim is to 

ensure the furniture's life cycle environmental performance for the customer. While 

the customer owns the furniture, the responsibility is diminished during usage and 

end-of-life stages. The customer pays an all-inclusive fee covering the furniture and 

associated services, as exemplified by the Rype office take-back service case. 

• Care-oriented S.PSS for furniture can be defined as “S.PSS enabling furniture care 

platforms for customers.” In this context, a company or an alliance of companies 

provides access to furniture and/or essential tools or platforms, accompanied by 

training, advice, and consultancy services. These services aim to facilitate user 

activities such as delivery, installation, adjustment, assembly, maintenance, repair, 

upgrading, substitution, reconfiguration, refurbishment, and end-of-life treatment, 

including the facilitation of second-hand furniture selling. Unlike product-oriented 

S.PSS, in this scenario, the customer does not own the furniture and/or furniture care 

tools but operates them to achieve a specific level of furniture use/care 'satisfaction.' 

Payment is made based on the usage of the furniture and/or furniture care tools, as 

seen in the BMA case. 

• Result-oriented S.PSS for furniture can be defined as ‘S.PSS provides furniture and 

full services to customers.’ In this context, a company or an alliance of companies 

provides access to furniture with all-inclusive life cycle services. These services 

encompass aspects such as furniture and interior layout co-design, delivery, 

installation, cleaning, maintenance, repair, reconfiguration, refurbishment, upgrading, 

substitution, ergonomic adjustments, take-back or exchange services, and end-of-life 

treatment, among others. The customer does not own the furniture; instead, the 

provider carries out life cycle services, being paid per satisfaction unit. This model is 

exemplified by the Gispen/Regus case. 
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Key concepts in these definitions include enabling services, additional services, and 

all-inclusive services. 

• Enabling services include (1) providing training, advice, and consultancy services 

to facilitate user delivery, installation, adjustment, assembly, maintenance, repair, 

upgrading, substitution, reconfiguration, refurbishment, and end-of-life treatment, 

among others. Additionally, they enable users to operate ergonomic furniture for 

improved utility and facilitate second-hand furniture selling. (2) providing 

essential tools or platforms required for these operations. 

• All-inclusive services encompass a wide range of offerings, including but not 

limited to furniture and interior layout co-design, delivery, tracking, installation, 

cleaning, maintenance, repair, reconfiguration, refurbishment, upgrading, 

substitution, ergonomic adjustments, take-back or exchange services, and end-of-

life treatment, among others. 

• Additional services are part of the mentioned all-inclusive services.  

Table 35 The comparison among 3 types of S.PSS for furniture 

3 Furniture S.PSS 

types 

Product-oriented S.PSS 

for furniture 

Care-oriented S.PSS 

for furniture 

Result-oriented S.PSS 

for furniture 

Definition S.PSS is adding value to 

the furniture’s life cycle 

S.PSS enables furniture 

care platforms for 

customers 

S.PSS provides furniture 

and full services to 

customers 

Offer Furniture and 

supplementary/enabling 

services 

Furniture and/or 

furniture care tools with 

enabling services 

Furniture with all-

inclusive services 

Payment (Ownership) Pay for furniture 

(customer ownership) 

Pay to access  

(provider ownership) 

Pay to shared/individual 

access  

(provider ownership) 

Life cycle responsibility Shared by customer and 

provider 

Enabling customers to 

care for furniture 

By provider 

Examples i) Additional take back 

service (Rype Office);  

ii) On-site assembly 

(IKEA) 

i) Enable users for 

ergonomics 

needs/Leasing (BMA) 

i) Co-living;  

ii) Co-working;  

iii) furniture as a 

service/leasing (Gispen) 

 

Based on the analysis and proposals presented in the preceding chapters, a refined 

definition of S.PSS as applied to furniture could be articulated: “S.PSS for furniture is an 
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offering model that provides an integrated mix of furniture and services capable of fulfilling a 

specific customer/user demand (to deliver a 'unit of satisfaction'). This is achieved through 

innovative interactions among the stakeholders of the value production system (satisfaction 

system), where the ownership of the furniture and/or the life cycle services 

costs/responsibilities remain with the provider/s. Consequently, the same provider/s 

continually seek environmentally and/or socio-ethically beneficial new solutions, with 

economic benefits” (Vezzoli et al., 2021b; Vezzoli & Yang, 2021) 

In conclusion, when compared to traditional furniture offerings, these furniture S.PSS 

models exhibit common elements. Firstly, there is a shift from merely selling furniture 

products to providing satisfaction units. The innovation focus extends beyond technological 

advancements to encompass configuration innovation among stakeholders. Additionally, the 

transition in customer value is moving from individual ownership to access. As illustrated in 

Figure 35. 

 

Figure 35 The characteristics of furniture S.PSS in comparison to furniture traditional offerings 

6.3.4.3 Furniture S.PSS’s win-win benefits and a conceptual framework 

In Chapter 6.2, the study formulated hypotheses regarding furniture S.PSS, proposing 

five win-win economic and environmental benefits. Through case analysis, these hypotheses 

were validated with examples, encompassing Furniture use extension/intensification, reduce 

material consumption of furniture, Furniture materials life extension, Reduce energy 

consumption of the furniture system, Resources conservation/biocompatibility for furniture, 

as illustrated in the following table. 
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Table 36 The numerosity of sustainable benefits within the 44 furniture S.PSS cases analyzed 

Environmental benefits Case number 

Furniture use extension/intensification 

 

30 

(#1, #2, #3, #4, #5, #6, #7, #8, #9, #10, #11, #12, #13, 

#14, #15, #16, #17, #18, #19, #20, #21, #22, #23, #24, 

#32, #33, #34, #39, #41, #4 

Reduce material consumption of furniture 

 

10 

(#1, #8, #10, #14, #24, #25, #32, #37, #43, #44) 

 

Furniture materials life extension 2 

(#4, #5) 

Reduce energy consumption of the furniture 

system 

 

13 

(#25, #26, #27, #28, #29, #30, #33, #34, #35, #36, #38, 

#40, #43) 

 

Resources conservation/biocompatibility for 

furniture 

1 

(#40) 

Note: #N refers to the number of a case, see Annex 8 _Case study_furniture S.PSS_coding 

During the semi-structured interview and desk research, these benefits were further 

verified with furniture companies. 17 companies have affirmed that furniture S.PSS proves to 

be economically advantageous when offering furniture with extended use. Additionally, 7 

companies confirmed the economic benefits of employing furniture S.PSS for material life 

extension. Another 7 companies acknowledged the economic advantages of utilizing 

furniture S.PSS for minimizing resource consumption. Furthermore, one case confirmed that 

furniture S.PSS provides economic benefits in facilitating the intensification of furniture use.  

Through semi-structured interviews and desk research, these benefits were further 

validated with furniture companies. Seventeen companies affirmed that furniture S.PSS 

proves to have economically advantageous of facilitating furniture use extension. 

Additionally, seven companies confirmed the economic benefits of employing furniture 

S.PSS for material life extension. Another seven companies acknowledged the economic 

advantages of utilizing furniture S.PSS for minimizing resource consumption. Furthermore, 

one case confirmed that furniture S.PSS provides economic benefits by facilitating the 
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intensification of furniture use. Although no companies mentioned the win-win economic 

benefits of facilitating toxicity reduction, the study list it as a potential opportunity, as 

illustrated in Figure 36. 

 

Figure 36 Furniture S.PSS facilitates environmental benefits (furniture Life Cycle Design) 

Note: Figure 36 illustrates the win-win benefits of furniture S.PSS, wherein the economic interest of the 

furniture manufacturer promotes the design of environmentally sustainable furniture products through the 

adoption of furniture life cycle design strategies, which have been validated through case studies and semi-

structured interviews. The darker the orange color, the greater the number of verifications from case studies 

and semi-structured interviews.  

Through a cross-analysis of various elements, the study revealed a significant 

interconnection among the characteristics of furniture products, the offered services, the 

business model, and the resulting sustainable benefits. The well designing of all elements can 

ultimately lead to a final win-win scenario, providing both economic and environmental 

benefits with high efficiency.  

While all the researched cases exhibit win-win benefits in the aspects mentioned 

earlier, not every furniture case can be deemed a thoroughly well-conceived S.PSS. 

Consideration should be given to the following key elements: (1) Ownership and Payment 

Methods: In S.PSS for furniture offerings, ownership of the furniture and/or life cycle 

responsibility is retained by the provider, who receives payment per satisfaction unit. This 

economic benefit incentivizes the provider to engage in furniture Life Cycle Design (LCD) 

strategies. (2) Role of Producer and Provider: In cases where the same furniture 

manufacturer retains the ownership or takes life cycle responsibility of furniture, there is a 

vested economic interest in offering furniture with a low environmental impact. Moreover, 
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they possess the direct opportunity and capability to intervene in furniture design processes 

(e.g., furniture leasing in the Gispen case), enabling the adoption of specific LCD strategies. 

Considering these strengths and weaknesses identified from case studies and semi-

structured interviews, the research further developed an archetypal furniture Sustainable 

Product-Service System (S.PSS) map, encompassing 20 promising furniture S.PSS models. 

The detailed development process is illustrated in the following chapter. 

6.4 Developing an archetypal furniture S.PSS map 

The Furniture Sustainable Product-Service System (S.PSS) has emerged as a 

promising model for realizing both environmental and economic benefits. A thorough 

analysis was undertaken, involving 44 cases that encompassed a diverse range of products, 

services, and business models. This study introduced a comprehensive archetypal furniture 

S.PSS map with 20 distinct models capable of capturing the essential dimensions 

characterizing S.PSS applied to furniture.  

The development process comprised several key steps (Emili et al., 2016), including 

the analysis of 44 furniture S.PSS cases (refer to chapter 6.3.4), identification of furniture 

S.PSS and product characteristics (covered in chapter 6.3.4), creation of a classification 

system (outlined in chapter 6.4.1), positioning of cases on the classification map (discussed in 

chapter 6.4.2), and the clustering and identification of archetypal models (as detailed in 

6.4.2). 

6.4.1 The archetypal furniture S.PSS classification system 

The archetypal furniture S.PSS map was constructed with two dimensions: one 

representing furniture usage contexts, and the other indicating furniture S.PSS types. Through 
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case analysis, six types of furniture usage contexts were identified and grouped as follows, 

see Figure 37: 

• Home Living: In this context, household furniture producers and sellers act as 

providers, offering household furniture to individuals. 

• Home Working: In this context, office furniture producers and sellers serve as 

providers, offering office furniture to individuals, freelancers, or employees through 

their companies. 

• Co-Living: This context involves household furniture producers collaborating with 

small space owners, offering household furniture with living space to individuals. 

• Co-Working: Within this context, office furniture producers and small space owners 

serve as providers, offering office furniture with working space to individuals or 

companies. 

• Centered Living: In this context, hotel furniture producers cooperate with hotel 

owners, providing furniture with living space to individuals or companies. 

• Centered Working: This context involves office furniture producers and large space 

owners serving as providers, offering office furniture with working space to 

companies. 
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Figure 37 6 furniture application contexts
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As indicated in chapter 6.3.4.2, various PSS classifications presented in the past have 

generally agreed on three main PSS categories: product-oriented, use-oriented, and result-

oriented (S.)PSSs. (Tukker, 2004; UNEP, 2002; Vezzoli, 2007). The strength of this 

classification lies in its generic nature, making it applicable to various domains. However, its 

generality makes it less suitable for providing an exhaustive overview of PSS models in a 

specific application (Emili et al., 2016). In the context of this study, this classification proves 

inadequate for describing the diverse range of furniture S.PSS models. Therefore, furniture 

S.PSSs have been categorized as product-oriented, care-oriented, and result-oriented S.PSS, 

with 5 sub-categories, which are: 

• Product-oriented furniture S.PSS: 

o Pay to purchase with enabling services; 

o Pay to purchase with additional services; 

• Care-oriented furniture S.PSS: pay to access with enable services; 

• Result-oriented furniture S.PSS: 

o Pay per unit of satisfaction (shared use); 

o Pay per unit of satisfaction (individual access). 

These two dimensions formed the foundation for the archetypal furniture S.PSS map, 

aiming to construct a comprehensive furniture S.PSS models for both current and future 

promising furniture applications. See Figure 38.
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Figure 38 The classification system of furniture S.PSS 

Note: FP is short for furniture producer 
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Figure 39 The position of cases on the developed furniture S.PSS classification system and clusters. 
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Figure 40 The archetypal furniture S.PSS classification system_20 archetypal models 
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6.4.2 Position of furniture S.PSS cases and development of furniture S.PSS 

archetypal map 

Upon constructing the classification system, this study positioned furniture S.PSS 

cases within it and grouped similar cases into 16 clusters (refer to Figure 39). Each cluster 

signifies one promising model of furniture S.PSS. Although cases within each cluster are not 

identical, sharing fundamental traits like the business model and services are similar, their 

secondary characteristics, such as product types (such as remanufactured furniture, second-

hand furniture, or new furniture), may vary.  

Simultaneously, some empty spaces have emerged with no cases positioned, revealing 

new opportunities (4 models) that appear promising. Figure 40 provides an overview of all 20 

identified or developed archetypal models for furniture S.PSS. 

The developed archetypal models of furniture S.PSS are outlined below, accompanied 

by their main characteristics. Each model is complemented by a system map - a visualization 

depicting the actors involved in the PSS offer and their interactions. 

Model 1. Selling household furniture with some enabling services. This model 

integrates furniture sales with enabling services, encompassing training, advice, consultancy 

services, and necessary tools. These services empower users to undertake activities such as 

assembly, operation (e.g., ergonomic furniture usage), repair, maintenance, upgrade, 

reconfiguration, and refurbishment of the furniture. Customers take ownership of the 

furniture post-purchase and are responsible for its entire lifecycle. Refer to  Figure 41. A 

prominent exemplar of this model is IKEA, where users receive assistance in onsite furniture 

assembly through tools, printed instructions, and online video guidance. 
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Figure 41 Furniture S.PSS archetypal model 1: Selling household furniture with some enabling services 

Model 2. Selling household furniture with additional service(s). This model involves 

selling household furniture but introduces additional services facilitated by local service 

providers. These supplementary services include co-design, repair, maintenance, upgrading, 

reconfiguration, take-back, and others aimed at optimizing the system's environmental 

performance. The incorporation of these additional services requires collaboration with new 

stakeholders possessing expertise and local accessibility. Refer to Figure 42. A notable 

example of this model is Shangpin Home Co-design Service, a customized furniture producer 

and provider where all orders are co-designed with the end user. This model's advantage lies 

in the collaborative production of various orders, maximizing material utilization and 

achieving a noteworthy 5% reduction in material consumption. 

 
Figure 42 Furniture S.PSS archetypal model 2: Selling household furniture with additional service(s) 

Model 3. Offering ownerless household furniture with enabling services. This model 

integrates providing household furniture with enabling services such as assembly 
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instructions, upgrade tips, recycling guidance, and the provision of necessary tools. Notably, 

the provider retains ownership of the furniture, and certain life cycle services are conducted 

by the end user. Refer to Figure 43. This is a newly developed model without existing cases. 

An illustrative example could be IKEA offering flat-packaged furniture to users along with 

tools and instructions for transportation, assembly, disassembly, and upgrades, allowing users 

to carry out these services independently. 

 

Figure 43 Furniture S.PSS archetypal model 3: Offering ownerless household furniture with enabling services 

Model 4. Offering ownerless household furniture with all-inclusive services for home 

living. This model combines ownerless household furniture with comprehensive all-inclusive 

services tailored for home living. The suite of services includes co-design, repair, 

maintenance, upgrading, reconfiguration, take-back, and other services aimed at enhancing 

the system's environmental performance. The provision of these all-inclusive services 

requires collaboration with new partners to deliver lifecycle services and end-of-life 

treatment. An exemplary case of this model is Kaiyo, a second-hand furniture provider that 

offers a comprehensive suite of all-inclusive services. 
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Figure 44 Furniture S.PSS archetypal model 4: Offering ownerless household furniture with all-inclusive 

services for home living 

Model 5. Selling office furniture with enabling services for home-working. This 

model centers on selling office furniture, with services specifically tailored enabling services 

for office furniture. Enabling services may encompass consultancy, such as ergonomics 

consulting aimed at improving sitting posture. The customers may transition from individual 

users to employing companies, particularly those supporting remote work. Refer to Figure 45. 

An example of this archetype is BMA, which empowers users to adjust ergonomic chairs 

using a controller and a mobile app. 

 
Figure 45 Furniture S.PSS archetypal model 5: Selling office furniture with enabling services for home-working 
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Model 6. Selling office furniture with additional service(s). This model involves 

selling office furniture with additional services facilitated by local service providers. The 

payer can be either the individual user or their company, particularly if the company 

advocates for remote working and requires office furniture solutions (refer to Figure 46). An 

illustrative example is Rype Office, a furniture remanufacturer that takes back furniture from 

users at the end of its lifecycle for subsequent furniture production. 

 
Figure 46 Furniture S.PSS archetypal model 6: Selling office furniture with additional service(s). 

Model 7. Offering ownerless office furniture with enabling service. This model 

integrates providing office furniture with enabling services such as training, advice, and 

consultancy, accompanied by enabling tools. Importantly, the provider retains ownership of 

the furniture, and certain life cycle services are carried out by the end user (refer to Figure 

47). An example of this model is the BMA ownerless ergonomics Axia chair. With this 

offering, BMA provides ergonomics training services for users, enabling them to adjust their 

sitting gestures independently with the support of a controller. 

 



 

208 

 
Figure 47 Furniture S.PSS archetypal model 7: Offering ownerless office furniture with enabling service 

Model 8. Offering ownerless office furniture with all-inclusive services for home 

working. This model centers on ownerless office furniture specifically tailored for home 

working purposes. The The payer can be either the individual user or their company (refer to 

Figure 48). An illustrative example is Furlenco, a furniture rental company that offers 

comprehensive all-inclusive services. 

 
Figure 48 Furniture S.PSS archetypal model 8: Offering ownerless office furniture with all-inclusive services for 

home-working 

Model 9. Offering ownerless household furniture with enabling service for temporary 

use in co-living spaces. In this model, the furniture provider furnishes furniture to the co-
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living space, which, in turn, provides furniture, co-living space, and enabling services to the 

end users. Stakeholder interactions are illustrated in Figure 49. 

 
 

Figure 49 Furniture S.PSS archetypal model 9: Offering ownerless household furniture with enabling service for 

temporary use in co-living spaces 

Model 10. Offering ownerless household furniture with all-inclusive services for 

shared use in co-living space. Household furniture producers collaborate with co-living space 

owners. They provide furnished co-living spaces with all-inclusive services as a result for end 

users. These spaces and furniture are shared among users, such as living areas or kitchens. 

Stakeholder interactions are illustrated in Figure 50. 

 
 

Figure 50 Furniture S.PSS archetypal model 10: Offering ownerless household furniture with all-inclusive 

services for shared use in co-living space 

Model 11. Offering ownerless household furniture with all-inclusive services for 

individual use in co-living space. This model emphasizes providing users with ownerless 
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household furniture and all-inclusive services for individual use within the co-living 

arrangement. 

 

Figure 51 Furniture S.PSS archetypal model 11: Offering ownerless household furniture with all-inclusive 

services for individual use in co-living space 

Model 12. Offering ownerless office furniture with enabling service for temporary use 

in co-working spaces. In this model, the furniture provider provides furniture to the co-

working space, which, in turn, offers furniture, co-working spaces, and enabling services to 

end users. Stakeholder interactions are depicted in Figure 52. 

 
Figure 52 Furniture S.PSS archetypal model 12: Offering ownerless household furniture with all-inclusive 

services for personally use in co-living space 

Model 13. Offering ownerless office furniture with all-inclusive service for shared use 

in co-working hubs. In this model, co-working hubs provide ownerless office furniture and 

shared co-working spaces. Individual users can access both spaces for a fee, typically based 
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on time or hours of use. Stakeholder interactions are illustrated in Figure 53. An example of 

this model is Yoroom/Regus, where users can book co-working spaces for hours or days

 

Figure 53 Furniture S.PSS archetypal model 13: Offering ownerless office furniture with all-inclusive service 

for shared use in co-working hubs 

Model 14. Offering ownerless office furniture with all-inclusive services for exclusive 

use in co-working space. In this model, the co-working space provides ownerless office 

furniture, dedicated space, and all-inclusive services to a company. Under this arrangement, 

employees (users) have exclusive use of the space, and the company pays a recurring fee per 

month or year to the co-working space. Stakeholder interactions are depicted in Figure 54. An 

exemplar of this model is Yoroom/Regus, where companies can rent a certain size of co-

working space for specific durations. 

 
Figure 54 Furniture S.PSS archetypal model 14: Offering ownerless office furniture with all-inclusive service 

for exclusive use in co-working space 



 

212 

Model 15. Selling furniture (office & hotel) with enabling services for business use. 

This model functions as a business-to-business (B2B), where the furniture provider supplies 

furniture and enabling services to business organizations. The objective is for the business 

organization to offer this furniture and associated services to their end users, such as 

employees or hotel guests. Stakeholder interactions are depicted in Figure 55. 

 
Figure 55 Furniture S.PSS archetypal model 15: Selling furniture (office & hotel) with enabling services for 

business use 

Model 16. Selling furniture (office & hotel) with additional services for business use. 

In this B2B model, the furniture provider collaborates with local partner(s) to offer additional 

services aimed at enhancing the performance of the furniture for business organizations. 

Stakeholder interactions are illustrated in Figure 56. 

 

 
Figure 56 Furniture S.PSS archetypal model 16: Selling furniture (office & hotel) with additional services for 

business use 



 

213 

Model 17. Offering ownerless hotel furniture with enabling service for long-term use 

in large hotels. This model entails collaboration between furniture providers and large hotels 

to offer end users ownerless hotel furniture along with enabling services for long-term use. 

 
Figure 57 Furniture S.PSS archetypal model 17: Offering ownerless hotel furniture with enabling service for 

long-term use in large hotels 

Model 18. Offering ownerless hotel furniture with all-inclusive service for long-term 

use in large hotels. In this model, the furniture provider collaborates with local service 

providers and end-of-life remanufacturers to offer all-inclusive services to hotels throughout 

the furniture's lifecycle. The hotel then provides a final integrated result, combining furniture 

with all-inclusive services for end users. 

 

Figure 58 Furniture S.PSS archetypal model 18: Offering ownerless hotel furniture with all-inclusive service for 

long-term use in large hotels 
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Model 19. Offering ownerless office furniture with enabling service for long-term use 

in large office space. This B2B model involves the furniture provider offering ownerless 

office furniture along with enabling services for long-term use within large office spaces. 

 
Figure 59 Furniture S.PSS archetypal model 19: Offering ownerless office furniture with enabling service for 

long-term use in large office space 

Model 20. Offering ownerless office furniture with all-inclusive service for long-term 

use in large office spaces. This B2B model involves the furniture provider collaborating with 

local service providers and end-of-life remanufacturers to offer all-inclusive services to 

companies throughout the furniture's lifecycle. 

 
Figure 60 Furniture S.PSS archetypal model 20: Offering ownerless office furniture with all-inclusive service 

for long-term use in large office spaces 
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6.5 Conclusions 

The design may play a crucial role in envisioning a new generation of sustainable 

furniture systems within the former framework. This case study analysis mainly verifies and 

characterizes five main win-win environmental and economic benefits of S.PSS in furniture 

systems. The S.PSS for furniture offer models need to be designed by adopting S.PSS design 

approaches and tools. 

• Adopting a “satisfaction-system” approach to design a particular “furniture 

satisfaction unit” and its related furniture and services. 

• Adopting a “stakeholder configuration” approach to design the interactions of the 

stakeholders of a particular furniture satisfaction system. 

• Adopting a “system sustainability” approach to design such stakeholder interactions 

(offer model) that providers continuously seek after both environmentally and socio-

ethically new beneficial furniture solutions for economic reasons. 

 

Finally, to enhance our understanding of these opportunities, it is very relevant to 

develop an archetypal furniture S.PSS map - an essential part of the reference framework for 

promising furniture S.PSS. The archetypal furniture S.PSS map comprises 20 models, 

representing comprehensive and promising possibilities for furniture system design. Each 

model signifies a sustainable win-win configuration, promoting solutions with low 

environmental impact and high economic value.  

In conclusion, taking into account the characteristics of S.PSS furniture in comparison 

to traditional furniture offerings, as well as win-win economic and environmental benefits of 
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furniture S.PSS, the conceptual framework of S.PSS furniture could be illustrated as depicted 

in Figure 61. 

 

Figure 61 The conceptual framework of furniture S.PSS. 

In addition to this knowledge development, a set of available S.PSS tools can be 

applied for furniture system design (as analyzed in Chapter 2.4). However, certain tools 

require further research for specification to be effectively used in the furniture sector, 

highlighting a deficiency in tools for furniture S.PSSD. The literature review also identified a 

scarcity of qualitative evaluation tools for furniture S.PSS and furniture-specific S.PSS 

design tools. From a practical standpoint, as outlined in Chapter 6.3.3, the study identified a 

lack of knowledge base and know-how for furniture companies to design furniture S.PSS. 

Specifically, there is an absence of furniture-specific S.PSS design strategies, design 

methods, furniture-specific tools for strategic analysis, S.PSSD idea generation, description, 

and qualitative evaluation. This study aims to address these gaps in the following chapters. 
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Part III How to 

design a 

sustainable 

furniture system 
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This part describes the activities undertaken as part of the prototyping and evaluation 

stage, aiming at answering RQ 2: What new knowledge is needed to design environmentally 

Sustainable Furniture Systems? RQ 2.1: What new competencies, skills, methods, and tools 

are needed for environmentally sustainable furniture Life Cycle Design (product level)? RQ 

2.2: What new competencies, skills, methods, and tools are needed for environmentally 

Sustainable furniture Product-Service System Design (PSS level)? 

The fundamental insights for this part lie in the former researchers. The desk research 

and literature review of existing general DfS approaches/methods/tools (chapter 2.4), and the 

desk research and semi-structured interview of the application of DfS approaches/ methods 

/tools in furniture companies found the lack of knowledge and know-how for sustainable 

furniture system design (chapter 5.3.3 and chapter 6.3.3). The conceptual framework built in 

former parts contributes insights for this stage of research during the development of a 

furniture-specific knowledge base and know-how. 

The activities and results described in this chapter are summarized below: 

• The development of furniture-specific Product Life Cycle Design strategies and 

guidelines (chapter 7.1 The development of furniture-specific product life cycle 

design guidelines). This chapter follows the established methodology (L. I. Chaves, 

2008; Vezzoli & Sciama, 2006) that guides the development of product type-specific 

guidelines from general ones. Insights from Part II (especially chapter 5) nutrients the 

process. A workshop with experts was conducted involving experts to develop the 

draft version of furniture-specific LCD guidelines (with 3 levels of details: strategy, 

guideline, and sub-guideline). Based on the LCA results, the priority for each strategy 

was defined based on its potential to reduce the environmental impact along the 

furniture’s life cycle.  Last, these guidelines were then revised, evaluated by internal 

and external experts, and finalized. 

• The development of furniture-specific sustainable Product-Service System strategies 

and guidelines (chapter 7.2 The development of furniture-specific Sustainable 

Product-Service System Design (S.PSSD) guidelines). This chapter follows the same 
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methodology (L. I. Chaves, 2008; Vezzoli & Sciama, 2006) that guides the 

development of type-specific guidelines from general ones. Insights from Part II 

(especially chapter 6) nutrients the process. After developing the draft version of 

furniture-specific S.PSS design guidelines by the candidate, a workshop with experts 

was conducted involving experts to examine the draft version and develop the first 

version of furniture-specific S.PSS design guidelines (with 2 levels of details: strategy 

and guideline). These guidelines were then revised, evaluated by internal and external 

experts, and finalized. 

• The adoption of a method for environmentally sustainable Furniture System Design 

(chapter 7.1). This chapter adopted the general Method for Sustainable System Design 

and Method for Sustainable Product Design and developed the Method for 

Sustainable Furniture System Design considering the furniture product and system 

design. 

• The prototyping of furniture-specific LCD tools (chapter 8.2). This chapter shows the 

development of furniture-specific LCD tools. All knowledge acquired in the former 

parts (chapter 7.1 and chapter 5) was integrated into these tools. 

• The prototyping of furniture-specific S.PSSD tools (chapter 7.3). This chapter shows 

the development of furniture-specific S.PSSD tools. All knowledge acquired in the 

former parts (chapter 7.2 and chapter 6) was integrated into these tools. 

• The evaluation of furniture-specific system design tools (Chapter 9) involved an 

iterative testing and refinement process for all developed tools/toolkits, including the 

ICSxFurniture toolkit, SDOxFurniture toolkit, Innovation DiagramxFurniture S.PSS, 

Concept SheetxFurniture S.PSS, and System MapxFurniture S.PSS. This evaluation 

engaged 70 furniture designers and experts in furniture design and/or design for 

sustainability. The assessment activities encompassed evaluations within a project, 

during a workshop, through a series of interviews, within a focus group, and a 

questionnaire sent to the LeNS community. 

 

This part developed a knowledge base and know-how for Sustainable Furniture 

System Design, considering both furniture Life Cycle Design and Sustainable Furniture 

Product-Service System Design. As a closure to this part, furniture-specific LCD guidelines 

with priorities, furniture-specific S.PSSD guidelines, a new methodology for environmentally 
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sustainable furniture system design, and series of design for sustainable furniture tools that 

integrated all necessary knowledge were developed and evaluated. 

One key word in this part is furniture-specific, which means the knowledge base and 

know-how were developed specifically for the furniture sector. Although a general 

knowledge base and know-how (for example, guidelines for general products) have been 

developed, it is not said that they are efficient or even proper for specific product sectors, in 

this case, furniture. This is proved through a semi-structured interview (chapter 5.3.3 and 

chapter 6.3.3). To be effective in a specific context,  knowledge base and know-how should 

inspire and indicate design decisions and solutions that have the major potential to be 

sustainable as precisely as possible; they should “provide specific advice and strategies on 

how to reduce impacts” (Vezzoli & Sciama, 2006); Actually, focusing tools on a specific 

sector or product is one of the approaches that design for sustainability has adopted to 

enhance the effectiveness of its application (L. I. Chaves, 2007). 

Other researchers take the same position. Results from broadly contextualized 

research methods may prove too global and abstract to be useful in many settings (Cobb, 

2001; Cobb et al., 2003; E. Baumgartner & Bell, 2002). They may prove ineffective when 

used alone, but they can be modified, replaced, or adapted by others, provided the system 

itself remains unaffected. Thus, researchers attempt to analyze the relationship between 

principles (e.g., the order of implementing them and the interdependencies between them) so 

that the design procedures they employ in the original setting will likely prove effective in 

new settings (Brown & Campione, 1996). Guidance for applying generated principles is 

needed to increase the adaptability and, ultimately, the generalizability of the research. 

Dewey warned that although general ideals and principles are of value in the direction and 

enlargement of conduct, they are also dangerous: They tend to be set up as fixed things in 

themselves, apart from reference to any particular case (Dewey, 1967) as cited in (Boydston, 
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1971). With this Epistemology, this part aims to develop the furniture-specific knowledge 

base and know-how. 
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Chapter 7 The development of specific guidelines for 

sustainable furniture system design 

7.1 The development of furniture-specific product life cycle 

design guidelines 24 

Given the serious environmental impact of the furniture system, the role of design in 

innovating furniture products toward sustainability is increasingly recognized as a key 

leverage, as acknowledged by the European Union's Circular Economy Action Plan in 2020. 

The need for sustainable design knowledge to address environmental issues caused by the life 

cycle of furniture products – a fundamental part of the furniture system – has now been 

prioritized.  

Within this framework, the paper presents furniture-specific LCD guidelines to guide 

sustainable furniture design. These guidelines were developed through an established 

methodology involving scholars and specialists on both Design for Sustainability and 

Furniture Design and were the results of a research project funded by the Italian Ministry of 

Education (MIUR), aimed at developing and disseminating innovative design strategies and 

guidelines to foster a sustainable and circular economy within the furniture industry. In this 

sense, these guidelines will promote long-term open innovation and technological 

transformation of furniture products, allowing designers and organizations to support the 

implementation of sustainable options from the beginning of the design process. 

 
24 This chapter, 7.1, refers to the publication of the author entitled Designing sustainable furniture: guidelines to promote 

furniture Life Cycle Design (D. Yang & Vezzoli, 2023). 
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7.1.1 Method 

The development of product type-specific LCD guidelines based on general ones has 

a well-established foundation. A span of more than two decades encompassing research and 

consultancy endeavors conducted by the LeNS lab at Polimi has gradually formulated a 

structured and validated methodology (L. I. Chaves, 2008; Vezzoli & Sciama, 2006), which 

was employed within this study, as depicted in Figure 62. The data presented in orange 

signifies external competence, denoting knowledge, data and information that have been 

sourced outside of the LeNS lab. Examples include contributions from partners in the 

GIOTTO project (COSMOB, Cluster Arredo, and UNICAM). The cyan elements represent 

internal competence, reflecting the knowledge, data, information, and research outcomes 

generated within the LeNS lab. Lastly, the green-colored data encapsulates a synergy of 

internal and external competencies, intertwining the insights and outcomes from both LeNS 

lab endeavors and external collaborations. 

 

Figure 62 Prior knowledge and steps to develop furniture-specific product LCD and S.PSSD strategies/sub-

strategies/guidelines, adapted from (L. I. Chaves, 2008; Vezzoli & Sciama, 2006) 

Note: White text with orange background represents external competence (e.g. knowledge and know-how from 

GIOTTO project partners (COSMOB, Cluster Arredo, and UNICAM). White text with cyan background 

represents internal competence (inside the LeNS Lab where the PhD candidate is involved). Blue text with blue 

frame represents research activities made by the PhD candidate and the original data, information comes from 

other researchers (literature), furniture companies (reports, interviews, websites), or practitioners (interviews). 
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7.1.1.1 1st stage: Preliminary study (chapter 5) 

The project started with a preliminary phase of desk research to uncover the most 

updated knowledge about the environmental impact of the furniture life cycle (chapter 5.1). 

On one side, a critical review of available literature was conducted to analyze previous 

evaluations of furniture's environmental impact, i.e. Life Cycle Assessment. On the other 

hand, a detailed Life Cycle Assessment was conducted to identify the environmental impact 

along different furniture’s life cycle. In addition, a detailed analysis of best practices and 

semi-structured interviews from an environmental standpoint (chapter 5.2 - chapter 5.3) was 

conducted to provide inspiration for subsequent collaborative sessions when elaborating on 

furniture-specific LCD guidelines. Results from these research activities formed the 

framework to facilitate the successive step within the GIOTTO project, aimed at moving 

from general LCD strategies and guidelines toward the definition of furniture-specific version 

to reduce the overall environmental impact along furniture’s life cycle.  

7.1.1.2 2nd stage: workshop 

The specification process was carried out through a collaborative workshop that 

involved scholars and experts on Design for Sustainability and Furniture Design, with the 

goal of generating a preliminary version of furniture-specific LCD guidelines. The Workshop 

was conducted at the LeNSLab POLIMI.  

The development of furniture-specific LCD guidelines finished with the following 

activities: 

Step 1: Before the workshop, a report was sent to all participants to collect their 

opinions on whether the general guidelines are clear and relevant to furniture and facilitate 

the generation of furniture-specific LCD guidelines, see an example in Figure 63. 

Step 2: At the initial stage of the workshop, results from the preliminary research 

stage (environmental impacts and design insights from practical LCAs and academic 
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literature review, sustainable furniture product characteristics 25 from case study and semi-

structured interviews) were presented to participants. The process to be followed for the 

workshop was also presented to participants.  

Step 3: During the workshop, each of the general guidelines were presented, all 

participants’ comments before/during the workshop were recapped/recorded, discussed and 

polished. During this phase, a structured process was implemented for each general guideline, 

allowing participants to perform a variety of specification actions such as: integrating a 

general guideline related to furniture products or typology; adding a new guideline that deals 

with a certain environmental impact related to particular furniture products or typology; 

adding notes related to particular furniture product or typology; and erasing a guideline if 

irrelevant. The outcome of the workshop was a draft of furniture-specific guidelines, which 

was further reviewed and refined for final improvements. Please see Table 37 and Figure 64 

for a more specific example of the shift from general to furniture-specific Life Cycle Design 

guidelines. The workshop's main activity, the guidelines specification, was then completed.  

Step 4: After the workshop, each guideline was polished considering participants’ 

comments. The draft version of furniture-specific LCD guidelines was developed. 

Step 5: The draft version of the furniture-specific LCD guidelines was sent to internal 

experts from LeNSLab POLIMI for improvement and finalization. 

Step 6: Then the new draft version was sent to external experts from the GIOTTO 

project for further improvement and finalization to form the final version of furniture-specific 

LCD guidelines. 

 
25 Since the best cases analysis activity is iterative, new cases emerged as the research progressed. Therefore, not all 

design insights were presented to participants at this stage. However, all design insights were taken into account for 

the final version of the furniture-specific LCD guidelines. 



 

226 

 

Figure 63 Step 1: An image indicates the report sent to participants before the workshop. 

 

Figure 64 Step 3: An image indicates the presentation of each general guideline, and the recap and recording of 

all participants’ comments. 
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Note: Participants were initially asked to assess the clarity and relevance of each guideline to the furniture 

sector. Subsequently, their comments were recorded and discussed during the workshop. 

Table 37 An example of developing furniture specific guidelines from general ones 

General strategy/sub- 

strategy/guidelines 
Furniture-specific strategy/sub-strategy/guidelines 

Strategy: Product lifespan 

optimization Sub-strategy: 

Facilitate upgrading and 

adaptability 

Strategy: Furniture use extension/intensification Sub-strategy: Facilitate 

furniture upgrading, extension and adaption 

Guideline 1: Enable and facilitate 

software upgrade 
Activity: erasing irrelevant guidelines 

Guideline 3: Design modular and 

dynamically configured products 

to facilitate their adaptability for 

changing environments 

Activity: adding characteristics relevant to specific furniture products or 

typologies  

Guideline 1: Design reconfigurable furniture that is able to adapt to 

different spaces/situations, such as modular desk and storage structures that 

can be used for both the transformation of a given office space or for a new 

function (e.g. an individual working station that can be transformed into a 

collective one, and that can also be rearranged if the office moves to a new 

location). 

Guideline 5: Design products that 

can be upgraded and adapted 

onsite 

Activity: integrating a general guideline related to specific furniture prod- 

ucts or typologies  

Guideline 7: [Office seats] Design modular and on-site upgradable seats, 

allowing the user to substitute (with standard tools) fixed feet with wheels 

and/or fixed components to adjustable ones. 

 

Activity: adding new guidelines related to particular furniture products or 

typologies  

Guideline 11: Include multiple connection possibilities on tables and 

storages, e.g. electricity cables, joints to combine table surfaces, etc. 

 

 
Figure 65 An example of developing furniture specific guidelines from general ones 
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Sampling. Participants were selected based on the following criteria since the aim 

was to generate furniture-specific LCD guidelines. 1) Heterogeneity. Participants from 

different and relevant backgrounds should be involved, so participants come from fields 

including furniture design and engineering, design for sustainability, interior and furniture 

design, and 2) Expertise. Participants should have expertise in their fields.  

7.1.1.3 3rd stage: Environmental LCD Strategies Priority Evaluation  

(1) The importance of defining furniture-specific LCD strategies priorities 

Although there are some general LCD guidelines, products groups or even each 

product has their characteristics (e.g. raw materials, production process, consumption of 

resources in use) which affect their life cycle impact and thus requiring different 

interventions (L. I. Chaves, 2008). The developed furniture-specific Life Cycle Design 

(LCD) strategies, along with their corresponding guidelines, constitute a valuable body of 

knowledge that can assist designers in creating environmentally sustainable furniture. These 

strategies facilitate a comprehensive consideration of all stages in the product's life cycle, 

leading to substantial reductions in environmental impacts. However, some strategies are 

more relevant than others and lead to greater reductions in environmental impact. On the 

other hand, designers often encounter situations where alternative solutions emphasize 

different sustainability aspects, necessitating a delicate balance (Byggeth & Hochschorner, 

2006). In such a situation, designers require decision-making support. Gibson (2013) 

underscored the common approach of assuming that trade-offs are inevitable when different 

aspects of sustainability are at play. Within this perspective, it is considered good practice to 

explicitly acknowledge trade-offs, enabling better-informed choices.  

In essence, conflicts can arise among guidelines, leading to scenarios in which 

adopting a particular design strategy or guideline inevitably results in a burden shift. For 

instance, when reducing the dimensions of furniture components, it becomes challenging to 
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ascertain the extent to which environmental impacts decrease or even increase. This 

complexity arises from the fact that minimizing material consumption might simultaneously 

compromise the product's functional longevity. 

Effectively determining the priorities of LCD strategies, while taking functional 

considerations into account, is pivotal in guiding design endeavors. It is posited that certain 

strategies hold greater precedence than others for each product category, be it furniture, 

automobiles, or other items. For instance, in the context of furniture, extending the product's 

lifespan holds more significance than energy consumption reduction, whereas for 

automobiles that consume energy during operation, prioritizing resource consumption 

reduction becomes more pertinent. 

(2) How to define furniture-specific LCD strategies priorities 

Two pivotal factors are involved in determining the design priority for each furniture-

specific LCD strategy: the strategies’ relevance to the maximum avoidable environmental 

impact in theory and the estimate of improvement in practice.  The strategy’s relevance can 

be defined by answering the question: "From the LCA result of an existing furniture, how 

relevant is the strategy/sub-strategy, or what is the maximum avoidable environmental impact 

(in comparison to the total) by fully pursuing a given LCD strategy (or sub-strategy)?" This 

can be answered with a level of “high’, ‘middle’, ‘low’ and ‘no’. Different strategies can 

influence various life cycle stages and environmental categories. To answer this query, it's 

necessary to (1) assess the environmental impacts of a furniture piece across its life cycle 

stages, spanning pre-production, production, distribution, usage, and end-of-life stages, and 

(2) evaluate impacts for each environmental category. 

On the other hand, given the real-world limitations that often prevent complete 

strategy implementation, another pivotal factor is introduced: the estimate of improvement in 

practice. This factor is qualitative hypotheses provided by users or experts, often quantified 
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with an average value. This can be defined by answering a question “From the characteristics 

of the existing furniture and its functional unit, what extent of improvement can we assume 

by fully pursuing this strategy? This can be answered with a level of ‘radical improvement’, 

‘incremental improvement’, ‘no improvement’. 

In this study, this method is employed to ascertain the priorities of individual 

furniture-specific Life Cycle Design (LCD) strategies. The main objective is to establish the 

most and least relevant strategies for various furniture products and give a general trend. The 

priority indicators are classified into distinct levels: high, middle, low and none. The 

subsequent sections present the overall trend of the priorities defined for each furniture-

specific LCD strategy. 

 
Figure 66 The method of define the priority for each furniture-specific LCD strategy 

(3) Sampling 

The underlying assumption is that furniture products, whether chairs, desks, or other 

specific types, share common characteristics. Consequently, they are likely to exhibit similar 

trends in priorities concerning furniture-specific Life Cycle Design (LCD) strategies. Another 

assumption is that incorporating a greater number of categories and cases will yield more 

accurate outcomes. The Furniture-specific LCD strategies priorities definition was identified 

based on these 25 furniture pieces detailed in Chapter 5.1. 
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In Chapter 5.1, the study conducted an environmental analysis of 25 furniture pieces 

spanning 8 distinct furniture product categories, utilizing the Life Cycle Assessment (LCA) 

method. This comprehensive analysis encompassed various items, including 3 task chairs, 5 

desks, 4 sofas, 2 stools, 2 coffee tables, 3 storage units, 5 chairs, and a workspace. These 

assessed objects served as references, aiming to unveil common trends in the priorities of 

furniture LCD strategies.  

7.1.1.4 4th step: iterative revision and improvement of these guidelines 

Following the conclusions of the workshop and the subsequent identification of 

priorities, an initial draft of furniture-specific guidelines was created. This preliminary draft 

was subjected to revision primarily by the project coordinator and other participants who had 

taken part in the workshop. This collaborative effort resulted in the initial version of the 

furniture-specific Life Cycle Design (LCD) guidelines. 

Subsequently, this initial version of the guidelines underwent a secondary review by 

three additional partners affiliated with the GIOTTO project. This review process led to the 

development of the second version of the guidelines. The culmination of these revisions and 

refinements led to a more comprehensive and refined set of guidelines. 

Following the revision process, the study was presented at the Cumulus conference 

and subsequently accepted to be published. The presentation at the conference provided an 

opportunity for peer review and scholarly critique, further enhancing the robustness of the 

guidelines. It is noteworthy that no additional revisions were deemed necessary following the 

peer review process. 

7.1.1.5 The involvement of the author and other participants 

Design-based research is a systematic, yet flexible methodology aimed at enhancing 

practices through iterative analysis, design, development, and intervention implementation. It 



 

232 

relies on collaboration among researchers and practitioners in real-world settings, resulting in 

contextually sensitive design principles and theories.  

The present contribution forms part of the outcomes of the research project titled "The 

Circular Economy for the Competitiveness of the Made in Italy Industry - GIOTTO." This 

project, conducted in collaboration with eleven national organizations and funded by the 

Italian Ministry of Education and Research (MIUR), sought to develop and disseminate 

innovative design guidelines and tools, to foster a sustainable and circular economy within 

the competitive value chains of the Made in Italy industries, including furniture, food, and 

fashion. Through a multidisciplinary and collaborative research consortium, GIOTTO 

empowered small and medium enterprises with innovative approaches to minimize the 

environmental impact of their products across their entire life cycle. 

In this context, LeNSlab Polimi spearheaded research activities to formulate targeted 

Life Cycle Design (LCD) strategies and guidelines for the development of environmentally 

sustainable furniture and fashion products. This paper introduces novel furniture-specific 

LCD guidelines, a result of LeNSlab Polimi's research spanning over two decades.  

During the project, the author undertook the role of project manager for the furniture 

research component. Particularly, the author conducted preliminary research encompassing 

literature reviews, Life Cycle Assessments (LCAs), and case study analyses. This preliminary 

research was subsequently reviewed by the project coordinator, Prof. Vezzoli. For the 

workshop sessions, the author prepared necessary documents under the guidance of Prof. 

Vezzoli. These documents included a Word file for notetaking and idea generation by six 

participants and a presentation to guide the workshop’s activities. 

During the workshop sessions, the author collaborated with other participants to 

facilitate discussions, recorded ideas from each participant and consolidated collective 
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conclusion. Post-workshop, the author incorporated all participants' inputs to refine the 

furniture-specific LCD guidelines. These guidelines were further discussed with selected 

participants and the coordinator, leading to the initial version of the furniture-specific LCD 

guidelines. This version was shared with all project partners for final revision and refinement. 

7.1.2 The priorities for furniture-specific Life cycle Design strategies and 

guidelines 

As a result of the study, furniture-specific LCD guidelines were developed, which 

include, hierarchically organized, 7 strategies, 23 sub-strategies and 154 guidelines to 

stimulate and guide the generation of environmentally sustainable furniture LCD solutions. 

These guidelines have a hierarchical structure with each specific strategy containing several 

specific sub-strategies and each sub-strategies containing a set of specific guidelines. Design 

strategies and sub-strategies guide the design directions, providing a framework that 

orientates the design activities. Design guidelines are more detailed, and actionable providing 

clear instructions for generating ideas during the design process. 

These 7 furniture-specific LCD strategies are: 

• Furniture use extension/intensification 

• Reduce material consumption of furniture 

• Furniture materials life extension 

• Reduce toxicity of the furniture system 

• Reduce energy consumption of the furniture system 

• Resources conservation/biocompatibility for furniture 

• Design for furniture disassembly. 

 

Each of the former strategies was assigned a priority indicator – high, medium, low or 

very low – which refers to the potential environmental burden reduction associated with each 



 

234 

LCD strategy, in relation to furniture systems. Since the last strategy - design for furniture 

disassembly is functional to both Furniture use extension/ intensification and Furniture 

materials life extension, the study did not assign it a priority. 

(1) Furniture use extension/intensification 

The meaning of ‘Furniture use extension/intensification’ is to design durable and/or 

intensely usable furniture. It leads to an overall reduction in the environmental impact of pre-

production, production, distribution, and end-of-life phases. Given the same function, a 

furniture piece with shorter lifespan will create more waste at its end-of-life. The replacement 

of this furniture to provide the functions (functional unit) will have additional impact from 

the pre-production, production, distribution. Figure 67 compares the environmental impact of 

two furniture pieces with different lifespan and shows the avoided impacts of long-lasting 

furniture.  

 
Figure 67 Environmental advantages of furniture with longer lifespan 
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To define the priority of ‘Furniture use extension/intensification’, the first step is to 

define the strategy’s relevance to the maximum avoidable environmental impact, by asking 

“From the LCA results of the existing 25 furniture pieces, how relevant is the strategy, or 

what is the maximum avoidable environmental impact (in comparison to the total) by fully 

pursuing this strategy”? For all 25 cases, with this strategy, the maximum avoidable 

environmental impact of the pre-production, production, distribution, and end-of-life stages 

ranges from 99%-100%, which is HIGH compared to the overall impact.  

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? For all 25 cases, the 

improvement estimate we can assume by fully pursuing the strategy is RADICAL. 

These considerations lead to define the priority of the Furniture use 

extension/intensification strategy: HIGH. 

(2) Reduce material consumption of furniture 

This strategy facilitates environmental impacts reduction due to fewer materials being 

extracted and processed, consequently reducing impact from pre-production, production, 

distribution, use (transportation of furniture during use) and end-of-life. Figure 68 compares 

the environmental impact of two furniture pieces with different materials content and shows 

the avoided impacts of furniture with reduced materials.  
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Figure 68 Environmental advantages of furniture with reduced materials content 

To define the priority of ‘reduce material consumption of furniture’, the first step is to 

define the strategy’s relevance to the maximum avoidable environmental impact, by asking 

“From the LCA results of the existing 25 furniture pieces, how relevant is the strategy, or 

what is the maximum avoidable environmental impact (in comparison to the total) by fully 

pursuing this strategy”? For all 25 cases, with this strategy, the maximum avoidable 

environmental impact of the pre-production, production, distribution, use (transportation of 

furniture during use) and end-of-life stages ranges from 99%-100%, which is HIGH 

compared to the overall impact.  

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? For all 25 cases, the 

improvement estimate we can assume by fully pursuing the strategy is RADICAL/ 

INCREMENTAL. 
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These considerations lead to define the priority of the reduce material consumption of 

furniture: HIGH. 

(3) Furniture materials life extension 

This design strategy is to design furniture with the purpose of increasing the value of 

materials at the end-of-life. Extension of material lifespan with recycling or “clean” energy 

recovery leads to less landfilling (end-of-life) and less resources extraction for primary (new) 

materials (pre-production). Figure 69 compares the environmental impact of furniture with 

extended and short material lifespan and shows the avoided impacts for materials life 

extended furniture.  

 
Figure 69 Environmental advantages of furniture with materials life extension 

To define the priority of “Furniture materials life extension”, the first step is to define 

the strategy’s relevance to the maximum avoidable environmental impact, by asking “From 

the LCA results of the existing 25 furniture pieces, how relevant is the strategy, or what is the 

maximum avoidable environmental impact (in comparison to the total) by fully pursuing this 

strategy”? For all 25 cases, with this strategy, the maximum avoidable environmental impact 
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of landfilling/incineration and pre-production of materials ranges from 54% - 94%, which is 

MIDDLE/HIGH compared to the overall impact.  

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? For all 25 cases, the 

improvement estimate we can assume by fully pursuing the strategy is INCREMENTAL. 

These considerations lead to define the priority of the Furniture materials life 

extension: MIDDLE. 

(4) Reduce toxicity of the furniture system 

Materials, additives with toxic and harmful emissions and energy resources with 

dangerous emissions should be avoided. To reduce toxicity of the furniture system, we need 

to avoid the use of toxic materials/energy. 

To define the priority of “Reduce toxicity of the furniture system”, the first step is to 

define the strategy’s relevance to the maximum avoidable environmental impact, by asking 

“From the LCA results of the existing 25 furniture pieces, how relevant is the strategy, or 

what is the maximum avoidable environmental impact (in comparison to the total) by fully 

pursuing this strategy”? For all 25 cases, the maximum avoidable environmental impact lies 

in the environmental category of toxicity_cancer and toxicity_non cancer, which ranges from 

1% - 10%. This is LOW compared to the overall impact. 

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? For all 25 cases, the 

improvement estimate we can assume by fully pursuing the strategy is LOW. 
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These considerations lead to define the priority of the Reduce toxicity of the furniture 

system: LOW. 

(5) Reduce energy consumption of the furniture system 

To define the priority of “Reduce energy consumption of the furniture system”, the 

first step is to define the strategy’s relevance to the maximum avoidable environmental 

impact, by asking “From the LCA results of the existing 25 furniture pieces, how relevant is 

the strategy, or what is the maximum avoidable environmental impact (in comparison to the 

total) by fully pursuing this strategy”? For all 25 cases, the maximum avoidable 

environmental impact lies in the environmental impact from distribution (the transportation 

process) and use (energy for cleaning and transportation if any) which ranges from 0% - 9%. 

This is LOW compared to the overall impact. 

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? The reduction of impact with 

design intervention can be done to a substantial extent through reducing materials 

consumption for furniture. For all 25 cases, the improvement estimate we can assume by fully 

pursuing the strategy is INCREMENTAL/RADICAL. 

These considerations lead to define the priority of the Reduce energy consumption of 

the furniture system: LOW. 

(6) Resources conservation/biocompatibility for furniture 

This strategy recommends renewable and non-exhaustible materials and energy 

resources during the pre-production, production, distribution, and use phases as well as 

during transportation. The designer can especially intervene in materials and energy selection 

with low levels of resources depletion. For Resources conservation/biocompatibility for 
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furniture, the relevant environmental impact lies in the environmental categories of resources 

use_fossils and resources use_minerals and metals. 

To define the priority of “Resources conservation/biocompatibility for furniture”, the 

first step is to define the strategy’s relevance to the maximum avoidable environmental 

impact, by asking “From the LCA results of the existing 25 furniture pieces, how relevant is 

the strategy, or what is the maximum avoidable environmental impact (in comparison to the 

total) by fully pursuing this strategy”? For all 25 cases, the maximum avoidable 

environmental impact ranges from 11% - 33%. This is LOW compared to the overall impact. 

The second step was to define the estimate of improvement by answering a question 

“From the characteristics of the existing furniture and its functional unit, what extent of 

improvement can we assume by fully pursuing this strategy”? The reduction of impact with 

design intervention can be done to a substantial extend through reducing materials 

consumption for furniture. For all 25 cases, the improvement estimate we can assume by fully 

pursuing the strategy is INCREMENTAL/RADICAL. 

These considerations lead to define the priority of the Resources conservation/ 

biocompatibility for furniture: LOW. 

In order to establish priorities for furniture-specific Life Cycle Design (LCD) 

strategies, it is essential to define the estimate of improvement which was ascertained through 

experts/users assumptions. While these assumptions might carry a degree of inaccuracy, the 

comparison of 25 furniture pieces yielded consistent trends in the results. Based on these 

results, we can draw the following conclusions: 

• The strategy 'Furniture use extension/intensification' holds a 'HIGH priority’. 

• 'Furniture materials life extension' is accorded a 'Middle priority'. 

• 'Reduce material consumption of furniture' is categorized as having a 'HIGH priority'. 

• 'Reduce energy consumption of the furniture system' is assigned a ‘LOW priority'. 
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• The aspect of 'Resources conservation/biocompatibility' is rated as having a ' LOW 

priority'. 

• Lastly, the factor of 'Reduce toxicity of the furniture system' is ranked as a ‘LOW 

priority'. 
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7.1.3 The furniture-specific LCD guidelines  

Furniture Life Cycle Design (LCD) strategies 

• Furniture use extension/intensification (HIGH priority) 

• Reduce material consumption of furniture (HIGH priority) 

• Furniture materials life extension (MIDDLE priority) 

• Reduce toxicity of the furniture system (low priority) 

• Reduce energy consumption of the furniture system (low priority) 

• Resources conservation/biocompatibility (low priority) 

• Design for furniture disassembly26 

Strategy 1: Furniture use extension/intensification (high priority) 

The focus of this design strategy is to design durable as well as intensely usable 

furniture at an overall reduction in the environmental impact of pre-production, production, 

distribution and end-of-life phases. Longer lasting furniture reduces by-product waste and 

indirectly avoids further resource consumption for the production and distribution of new 

products needed to substitute short-term ones. 

Sub-strategies 

• Sub-strategy a1. Facilitate furniture maintenance  

• Sub-strategy a2. Facilitate furniture upgrading and adaptation  

• Sub-strategy a3. Design furniture for reliability  

• Sub-strategy a4. Facilitate/enable furniture re-use and remanufacturing  

• Sub-strategy a5. Intensify furniture use 

Guidelines: 

Guidelines for sub-strategy a1. Facilitate furniture maintenance  

• Facilitate the removal and replacement of easy to wear-out parts, such as mechanisms 

and joints for movable parts, e.g. wheels or legs of seats, desks and storages. 

• Use universal standard elements for mechanisms and joints for movable parts. 

 
26 Design for furniture disassembly is strictly related to the Furniture use extension intensification strategy and Furniture 

materials life extension. 
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• Keep the same joints when changing furniture collections. 

• Facilitate access to parts in order to simplify cleaning, avoiding narrow interspaces, 

slots and holes, e.g. by designing round internal edges of drawers and shelves for 

quick and easy cleaning. 

• Use stainless steel with semi-gloss treatment; select surface material and finishing 

processes for furniture that avoid the need of toxic detergent for maintenance. 

• [Office seats] Properly cover office chair mechanisms to prevent dust and dirt from 

accumulating and limiting their functioning, e.g. height adjustment mechanisms. 

• [Office desks] Properly cover desk height adjustment mechanisms to prevent dust and 

dirt from accumulating and limiting their functioning. 

• [Office storage] Install compensation boards at the top/bottom/side of storage 

furniture to avoid dust from getting under/on the top/side. 

• Consider using surfaces that are resistant to dust and dirt, such as sleek surfaces, 

dust/dirt-repellent surfaces or textiles. 

• Design products that allow maintenance with easily available tools, e.g. use screws 

with standard hexagonal heads in seats, desks and storage furniture. 

• Provide a maintenance kit for cleaning, such as customized brushes to clean 

(unavoidable) narrow interspaces, slots and holes or surface specific staining removal 

detergent for seats, desks and storage furniture. 

• Provide information on how to clean the product and multi-context maintenance tool 

kit. 

• Facilitate alternative cleaning solutions or more automatic cleaning systems, such as 

steam cleaning or UV solutions. 

• Reduce the need for maintenance operations/procedures, e.g. with textured seats cover 

to hide stains or with anti-dust surface treatments on seats, desk and storage products. 

• Design modular products to facilitate the substitution/cleaning of parts instead of 

substitution/cleaning of the entire product. 

 

Guidelines for sub-strategy a2. Facilitate furniture upgrading and adaptation.  

• Design reconfigurable furniture that is able to adapt to different spaces/situations, 

such as modular desk and storage structures that can be used for both the 

transformation of a given office space or for a new function (e.g. an individual 
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working station that can be transformed into a collective one, and that can also be 

rearranged if the office moves to a new location). 

• Design a family of furniture instead of single ones, with different properties and 

functions that enable adaptation. 

• Include add-on parts to transform and/or upgrade function and properties of the 

furniture. 

• Design for changeable ergonomic positions, e.g. height adjustable desk and chairs. 

• Avoid premature aesthetic obsolescence by designing furniture that can be customized 

(e.g. exchangeable seat covers) or personalized with a corporate identity via software 

to avoid add-on brand identification operations (printing, adhesive plates, etc.). 

• Consider designing multi-functional furniture that can adapt to the user’s development 

(physical and cultural), such as changeable shapes or dimensions of sofa or bed. 

• [Office seats] Design modular and on-site upgradable seats, allowing the user to 

substitute (with standard tools) fixed feet with wheels and/or fixed components to 

adjustable ones. 

• [Office desks] Design modular and on-site upgradable desks, allowing the user to add 

(with standard tools) drawers, change drawer’s typology, add inner cabling cabinets, 

etc. 

• [storage] Design modular and on-site upgradable storage, allowing the user to add 

(with standard tools) shells, change drawer’s typology, etc. 

• Co-design furniture and connection platforms such as flooring, ceilings and walls. 

• Include multiple connection possibilities on tables and storages, e.g. electricity cables, 

joints to combine table surfaces, etc. 

• Provide website and/or app with instructions and tools to enable maintenance and 

repair by the user, such as periodic maintenance procedures, e.g. cleaning of hard 

surfaces (desk, storage), inspection, repair and lubrification (height-adjustable 

mechanism for office chairs or wheels). 

• [Office desks] If related to tech devices, enable upgrading and design reconfigurable 

desks according to forecastable technology development, e.g. Wi-Fi system/wireless 

system of automated desks. 
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Guidelines for sub-strategy a3. design furniture for reliability  

• Simplify the office furniture as much as possible, e.g. by reducing the number of 

components. 

• Avoid weak connections, especially movable mechanisms such as fasteners joints 

between plastic components in chairs; use certified connectors (e.g. by CE). 

• Design resistant furniture to prevent damage: use highly resistant materials for 

sensitive parts, e.g. edges of tables and cabinets, office seat back joints. 

• Use highly resistant materials for handles, hinges and sliding mechanisms of drawers 

and storage furniture doors. 

• [Office storage] If using glass doors, consider stratified glass. 

• [Office desks] Avoid that table edges get quickly worn off. 

 

Guidelines for sub-strategy a4. Facilitate/enable furniture re-use and remanufacturing.  

• Facilitate the access for the removal of parts and components (such as expensive 

mechanisms) that can be remanufactured, e.g. use reversible connections or two-way 

snap-fits without glue within assemblies; use removable cover protection to 

interchange components between products by differentiating structural parts from 

surface ones. 

• Facilitate the access for the removal of parts (especially expensive mechanisms) that 

can be re-used, such as chair (e.g. seats, wheels, tripod legs, covers) and storage 

locker components (e.g. hinges, metal, rubber feet, handles, locks). 

• Use reversible connections or two-way snap-fits (avoiding whenever possible gluing 

in assembling processes), use removable cover protection to interchange components 

among objects (differentiate structure and surface). 

• Facilitate disassembly, especially for parts that are easy to wear out such as task chair 

wheels and back, upholstery and desk surfaces, by using reversible connections or 

two-way snap-fits system. 

• Facilitate the replacement of external parts, such as castors, sofa covers (clothes), 

upholstered chair. 

• [Office desks] Facilitate the disassembly of tabletops from the supporting 

structure/legs. 

• [Office seats] Facilitate the dismantling and substitution of upholstery/foam/ 

fabrics/leather of office seats. 
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• Design modular and interchangeable parts and components. 

• Design standard parts and components that can be replaced, improve durability and 

facilitate easy repair, e.g. handles, screws, feet, shelves for storage lockers; wheels, 

bearings, screws, bolts, felt pads pillows, covers for chairs; pillows, felt, pads, feet for 

sofas. 

• Increase the resistance of easy to wear-out or easy to damage parts by using more 

resistant materials. 

• Increase the resistance of easy to wear-out or easy to damage parts by using protective 

removable layers, e.g. table edges, seat upholstery and fabrics, seat wheels, high 

adjustable mechanisms, armrest, table surfaces, storage shells; and by avoiding 

painting layers sensible to scratches. 

• Foresee re-use of auxiliary parts, e.g. desktop divider as shelves, the protective cover 

of mechanisms as sofa pillows, writing board of conference chairs. 

• Incorporate packaging that can be re-used by the manufacturer, e.g. by using 

packaging that can adapt to different products or by using foldable and more resistant 

packaging materials. 

• Incorporate collapsible packaging. 

• Design structural parts that can be easily separated from external parts, such as 

mechanisms and their protection parts, bookcases and doors. 

• [Office seats] Facilitate the substitution of furniture upholstery fabrics/leather by 

designing easy removable slipcovers. 

• Facilitate the substitution of movable parts, such as castors of furniture products, arm/ 

backrest of chairs and height-adjustable mechanisms. 

• Plan adequate tolerance or dimensioning at weak points, such as connection points or 

most used parts (e.g. storage corner joints, hinge and chair casters). 

• Avoid self-tapping screws that can be screwed and unscrewed only a few times. 

• Consider material abundance in points which are subject to wear and tear, e.g. 

abrasion of castors. 

• Use a larger amount of finishing/coating materials on surfaces that tend to deteriorate 

rapidly (e.g. table or storage edges). 
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Guidelines for sub-strategy a5 intensify furniture use  

• Design products with integrated functions, e.g. chairs that allow different positions, 

storage furniture with integrated locker. 

• Design product-service systems for shared use. 

• [Office storage] Consider storage furniture that is adaptable for different purposes, 

such as storage of personal belongings/eating (e.g. heating/cooling). 

• [Office desks] Consider tables that are adaptable/customizable (e.g. exchangeable 

drawers for personal belongings). 
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Strategy 2 Reduce material consumption of furniture (HIGH priority) 

In general, the designer has great influence on materials selection, giving him/her the 

responsibility to consider resources consumption when making such decisions. Regarding 

input flows, the strategy to reduce material consumption of furniture helps to save natural 

resources for future generations. The use of less materials also reduces environmental 

impacts due to fewer materials being extracted and processed, consequently saving also in 

terms of transportation and end-of-life. 

Sub-strategies 

• b1.  minimize the material content of furniture 

• b2.  minimize scraps and waste 

• b3.  minimize or avoid furniture packaging 

• b4.  minimize material consumption during use 

Guidelines: 

Guidelines for sub-strategy b1.  minimize the material content of furniture  

• Dematerialize the furniture or some of its parts, such as handle systems in store 

component shapes with handle as “hole” embodied in locker door shape. 

• Design suitable dimensions for structure parts, e.g. reduce the thickness of 

components according to material properties, resistance requirements and processing 

technology. 

• Apply 3D printing in furniture, e.g. for chair backrest and handles. 

• Avoid over-dimensioning by analysing the function, standard references and typical 

use of the furniture. 

• Use reinforcing structures such as ribbed/honeycombed/rippled (e.g. for tabletop) 

structures or T-sections, hollow shapes (for rotationally moulded plastics and die-cast 

metals) to improve stiffness and avoid distortions. 

• Take material reduction and structural reinforcement, such as rib reinforcements to 

reduce materials, into consideration especially regarding storage doors or desks. 

• Avoid parts or components which are not strictly functional. 

• Provide storage cabinets options with reduced components, e.g. with or without doors. 
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Guidelines for sub-strategy b2.  minimize scraps and waste  

• Prefer production processes that minimize scraps and waste, such as bent plywood 

instead of massive wood. 

• Design tabletop, storage shelves and sides taking into consideration modularity and 

standardization to avoid leftovers. 

• Select processing technology according to material properties and product 

requirements, such as die casting instead of moulding (e.g. for chair legs, etc.). 

• Avoid waste in injection moulding plastic parts caused by excessive wall thickness. 

• Apply 3D printing technologies when possible, e.g. for handles. 

 

Guidelines for sub-strategy b3.  minimize or avoid furniture packaging  

• Use packaging material only where it is strictly necessary, e.g. protect with consistent 

packaging fragile parts of the furniture, such as glass tabletop, handles in locker 

storage, etc. 

 

Guidelines for sub-strategy b4.  minimize material consumption during use 

• Design for the most efficient use of materials needed for maintenance, such as self-

cleaning materials, materials that avoid/reduce the need of cleaning agents (e.g. water, 

soap, detergent), water repellent materials. 

Strategy 3 Furniture materials life extension (MIDDLE priority) 

The objective of this design strategy is to design products with the purpose of 

increasing the value of disposed materials. Extension of material lifespan due to recycling, 

composting or “clean” energy recovery leads to less landfilling as well as raw materials 

extraction for primary (new) materials production. 

Sub-strategies: 

• c1. Adopt the cascade approach for furniture  

• c2. Select materials with the most efficient recycling technologies  

• c3. Facilitate collection and transportation of disposed furniture  

• c4. Identify furniture materials  

• c5.  minimize the number of non-compatible furniture materials and/or facilitate their 

separation 
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Guidelines: 

Guidelines for sub-strategy c1. Adopt the cascade approach for furniture  

• Facilitate and foresee closed-loop recycling of materials within components with 

lower aesthetic/formal requirements. 

• Facilitate recycling of highly structural materials (e.g. wheels) into components with 

lower mechanical requirements (e.g. seat back). 

• Facilitate recycling of massive wood into chipboard. 

• Facilitate recycling of visible components into non-visible filling materials (e.g. chair 

or sofa pillows). 

• Facilitate and foresee closed-loop recycling of materials within components with 

lower mechanical requirements. 

• Avoid the use of contaminant materials, such as glued paper labels on the office 

furniture and glued natural fibres. 

• Prefer label information that could be embedded in the injection process. 

• Avoid painting or coating on polymers (e.g. for chair seat, arms, back) in favor of 

colored polymers. 

Guidelines for sub-strategy c2. Select materials with the most efficient recycling technologies  

• Select materials that recover more easily the original material characteristics after 

recycling. 

• Adopt ribbed structures (or similar) to improve the stiffness of polymers instead of 

using reinforcing fibres, e.g. Nylon reinforced with glass fibres (PA-GF) as often 

involved in office chairs [office chair]. 

• Prefer thermoplastic polymers instead of thermosetting. 

• Avoid composite materials such as sandwich laminates (e.g. for tables or storage 

shelves) or fiber-based components (e.g. for chairs) in favor of monomaterial 

solutions (metals or polymers). 

• Avoid the use of fireproof additives by selecting thermoplastics that resist to high 

temperatures. 

Guidelines for sub-strategy c3. facilitate collection and transportation of disposed furniture  

• Design furniture considering the existing recycling systems, e.g. urban waste 

collection system. 

• Reduce product dimension and foresee easy stocking of disposed furniture products. 

• Facilitate the disassembly of furniture junctions. 
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• Design chair, tables and storage shapes according to stoking standards 

• Design stackable chairs, foldable tables or compactable storage. 

• Facilitate the design of components for easy stocking, e.g. tabletops, shelves. 

• Reduce the weight of the furniture components/materials. 

• Design furniture that is able and easy to be compressed when disposed. 

• Inform the user about how the furniture or its parts can be disposed of. 

Guidelines for sub-strategy c4. identify furniture materials  

• Codify materials according to their type. 

• Add information on material age, conducted recycling processes and additives use. 

• Indicate the presence of toxic residues and contaminant materials. 

• Apply identification codes in places visible during the disassembly, e.g. near joints, 

places not subjected to wear out, on flat surfaces. 

• Use international standard identification systems, such as SPI codes, especially when 

open-loop recycling may occur. 

Guidelines for sub-strategy c5.  minimize the number of non-compatible furniture materials 

and/or facilitate their separation 

• Use one single material on a furniture product or one single material to produce each 

one of its parts, if possible (mono-material strategy). 

• Avoid the use of contaminant materials, such as adhesives for labels. 

• If necessary, facilitate the removal of contaminant materials, such as water-based 

adhesives for labels. 

• Use compatible materials that could be recycled together with the furniture or its 

subassembly (for polymers compatibility see Tab.1). 

• Use joints made of the same or with compatible materials to the parts that need to be 

joined. 

• Facilitate the sorting process in wood recycling. 

• Facilitate the separation of bolts, nuts, screws and other small parts that are made of 

non-compatible materials, e.g. metal joints over plastic components. 

• [Office seats] Consider castors with cores made of one material and that enable the 

easy disassembly of the outer rubber part. 

  



 

252 

Strategy 4 Reduce toxicity of the furniture system (LOW priority) 

Materials and additives with toxic and harmful emissions should be avoided as well as 

energy resources with dangerous emissions. 

Sub-strategies: 

• d1. Select materials without or with the lowest toxicity/harmful potential 

• d2. Select energy sources without or with the lowest toxicity/harmful potential 

Guidelines: 

Guidelines for sub-strategy d1. select materials without or with the lowest toxicity/harmful 

potential  

• Avoid the use of toxic and harmful materials for office furniture products, such as 

toxic paintings, additives, adhesives or refinements for table-tops/edges, storage 

surfaces or chair joints. 

• Prefer water-based varnishing, additives, adhesives or refinements for all components 

of furniture. 

• Avoid the use of additives and adhesives causing toxic and harmful emissions. 

• Avoid toxic and harmful finishing processes/materials, such us formaldehyde and 

chromium plating. 

•  Minimize the dispersion of toxic and harmful residues during furniture’s use, such as 

Volatile Organic Compounds (VOC) emissions. 

• Use low emission polyurethane or latex foam padding materials. 

• Select Polyurethane foam complying with the requirements for VOC emissions. 

Guidelines for sub-strategy d2. select energy sources without or with the lowest 

toxicity/harmful potential 

• Select energy resources that minimize toxic/harmful emissions during pre-production 

and production, such as electricity coming from renewable sources instead of fossil 

fuels. 

• Select energy resources that minimize toxic/harmful emissions during distribution, 

such as electric vehicles. 

• Select energy resources that minimize toxic/harmful emissions in End-of-life 

treatments, e.g. avoid furniture moving mechanisms with heavy metals batteries. 
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Strategy 5 Reduce energy consumption of the furniture system (LOW priority) 

This strategy aims to minimize energy consumption during the pre-production, 

production and use phases as well as during transportation (including transportation of the 

materials, transportation of the product and related processes). The designer can especially 

intervene in the selection of materials and production processes with low levels of energy 

consumption. 

Sub-strategies: 

• e1.  minimize energy consumption in pre-production and production phases  

• e2.  minimize energy consumption in the transportation phase  

• e.3  minimize energy consumption in the use phase 

Guidelines: 

Guidelines for sub-strategy e1.  minimize energy consumption in pre-production and 

production phases  

• Design for local-focused resources supply, such as energy generated by local 

renewable systems (e.g. photovoltaic systems, wind turbines, geothermal systems, 

hydroelectric systems). 

• Design for energy consumption efficiency, such as planning a production process 

shared by different furniture components. 

• Prefer materials with low energy consumption in pre-production and production, e.g., 

recycled aluminum instead of primary aluminum. 

• Prefer packaging processing technologies with low energy consumption levels. 

 

Guidelines for sub-strategy e2.  minimize energy consumption in the transportation phase  

• Design compact or compactable furniture, favoring high-density storage. 

• [Office seats] Design stackable visitor chairs or components. 

• Design for on-site furniture assembly. 

• Minimize furniture’s weight, especially non-structural elements. 

• Choose lighter materials compared to others with the same functional properties. 

• Reduce packaging weight/volume to reduce resource consumption in transportation. 
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• Prefer container ships and trains rather than truck transportation for furniture 

distribution. 

• Optimize logistics to reduce the distance between providers and users. 

Guidelines for sub-strategy e.3  minimize energy consumption in the use phase 

• Favour mechanical devices instead of electric-powered devices, e.g., for adjustable 

office seats. 

• Prefer cleaning processes that avoid energy-consuming equipment. 

• Avoid internet-based manuals and instructions for furniture assembling, maintenance, 

etc. 

Strategy 6 Resources conservation/biocompatibility (LOW priority) 

To save resources for future generations, prefer renewable and nonexhaustible 

materials and energy resources. Bio-compatible materials should also be considered as they 

reduce soil, water, and air contamination. 

Sub-strategies: 

• f1. Select renewable/nonexhaustible and/or biocompatible materials for furniture. 

• f2. Select renewable/nonexhaustible and/or biocompatible energy resources for 

furniture. 

Guidelines: 

Guidelines for sub-strategy f1. Select renewable/nonexhaustible and/or biocompatible 

materials for furniture.  

• Avoid materials from exhaustible resources. 

• Favor the use of highly renewable materials. 

• Choose certified timber for furniture production, such as FSC 28 and PEFC29. 

• Use materials derived from other production processes, such as chip wood scraps 

from massive wood production (e.g., table-tops) or fabric for chair upholstery taken 

from furniture production waste (e.g., sofa). 

• Use components from disposed products, such as handles, joints, and mechanisms, 

e.g., use height and armrest regulation of chairs/desks as cable holders for desks. 
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• Use recycled materials or recycled materials combined with new materials (e.g., 

mixtures for injection molding consisting of recycled plastic and recycled wood 

chips). 

Guidelines for sub-strategy f2. Select renewable/nonexhaustible and/or biocompatible energy 

resources for furniture 

• Select renewable/nonexhaustible energy resources. 

• Select small-scale local energy resources. 

Strategy: 7 Design for furniture disassembly 

Sub-strategies: 

• g1: Reducing and facilitating operations of furniture disassembly and separation 

• g2: Design and/or co-designing special technologies and features for furniture 

separation   

Guidelines: 

guidelines for sub-strategy g1: reducing and facilitating operations of furniture disassembly 

and separation      

• Prioritize the disassembly of toxic and dangerous components or materials   

• Prioritize the disassembly of components or materials with higher economic value, 

such as metal mechanisms or wood panels.      

• Prioritize the disassembly of more easily damaging or consumable components and 

materials, such as table tops, bookshelves, etc. 

• Prefer modular structures, such as modular closets, sofas, etc.  

• Construct the product into easily separable and manipulatable sub-assemblies, such as 

bookshelves/wardrobes with inner panels.      

• Facilitate the removal of other components like handle.    

•  Minimize the overall dimensions of furniture.     

•  Minimize the number of different components.    

•  Minimize hierarchically dependent connections among components, such as the 

mechanisms of the task chair.   
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Guidelines for sub-strategy g2: design and/or co-designing special technologies and features 

for furniture separation 

• Co-design cutting or breaking paths with appropriate separation technologies for 

separating incompatible materials. 

• Suggest to the users how and with what device they could separate incompatible 

materials. 

• Provide information to the user together with the furniture about the characteristics of 

crushing separation, such as providing video resources online (website, app). 

 

All furniture-specific LCD guidelines were eventually integrated into one of the main 

outcomes of the GIOTTO project - the MIUR manual "Handbook for sustainable furniture 

system design", which was conceived as an operative tool to enhance the application of the 

furniture Life Cycle Design, specifically aimed at guiding designers and companies toward 

environmentally sustainable furniture design and innovation. The handbook is available and 

open access on LeNS International’s ‘tools’ section (http://www.lens-international.org/ ). 

7.1.4 Conclusions 

The principal contribution of this research lies in the formulation of a comprehensive 

set of furniture-specific Life Cycle Design (LCD) strategies, sub-strategies, and associated 

guidelines that incorporate best practices (the incorporation shows within each case, see 

annex 2). The primary innovation centers on the creation of 23 furniture-specific sub-

strategies and 154 guidelines, significantly mitigating environmental impact across the entire 

life cycle of furniture products. 

A secondary innovation arises from the assignment of priorities to each strategy, 

reflecting the level of environmental impact reduction attainable through their 

implementation. This prioritization holds importance in improving the efficiency of the 

design process. 
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Currently, a handbook encompassing all these outcomes is being disseminated 

globally through the Learning Network on Sustainability (LeNS). LeNS is an international 

community connecting over 150 higher education institutions and organizations. Its 

overarching mission is to advance the discipline of Design for Sustainability (DfS) across 

worldwide curricula, guided by an ethos of openness, collaboration, and copyleft principles. 

Furthermore, the handbook is being integrated into international master courses while also 

undergoing refinements and enhancements aimed at fostering a collaborative and open 

innovation paradigm within the furniture industry. 

While the concept of open innovation has become well-established and widespread 

across various domains (Gassmann et al., 2010), the same cannot be universally said for 

sustainable furniture knowledge innovation. This handbook holds the potential to serve as a 

vital resource for designers and organizations, offering support for the incorporation of 

sustainable choices during the preliminary stages of the design process. 

It is important to note that while these strategies, sub-strategies, and guidelines have 

been devised for general furniture applications, the optimization of their effectiveness in real-

world design practice may necessitate specific guidelines tailored to each furniture category. 

As the outcomes of this research are accessible through open access, other research groups 

and companies can devise more tailored guidelines for individual furniture types. 

7.2 The development of furniture-specific Sustainable Product-

Service System Design (S.PSSD) guidelines 

Chapter 7.1 described the process and results of furniture-specific LCD guidelines. 

However, considering the increasing production and consumption values of furniture 

worldwide, it is not enough to design only sustainable furniture products. Like many other 
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sectors, the transformation requires radical changes and a discontinuity in consumption and 

production patterns (L. I. Chaves, 2017). Specifically, even if a piece of furniture is very 

sustainable, if the Product-Service System is not well designed for sustainability, for 

example, the furniture is discarded after only a short period of time due to different reasons, 

the system is not sustainable. This could be dealt with using S.PSSD strategies and 

guidelines. 

Within this framework, the paper presents furniture-specific S.PSSD guidelines which 

were developed through an established methodology involving scholars and specialists on 

both Design for Sustainability and Furniture Design as the product level. In this sense, these 

guidelines will promote long-term open innovation and technological transformation of 

furniture S.PSS, allowing designers and organizations to support the implementation of 

sustainable options from the beginning of the design process. 

7.2.1 Method 

This part of the research follows the same method as the product level, using the 

method for The development of type-specific guidelines based on general  (L. I. Chaves, 

2008; Vezzoli & Sciama, 2006), as depicted in Figure 62. 

7.2.1.1 1st step: Preliminary study (chapter 6) 

The study started with a preliminary phase of desk research to uncover the most 

updated knowledge about the environmental impact of the furniture system with a literature 

review (chapter 1.1). In addition, a detailed analysis of best practices and semi-structured 

interviews from an environmental standpoint (chapter 6) were conducted to provide 

inspiration for subsequent collaborative sessions when elaborating on furniture-specific 

S.PSSD guidelines. Results from these research actions formed the framework to facilitate 

the successive step, aimed at moving from general S.PSSD strategies and guidelines toward 
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the development of the furniture-specific version to reduce the overall environmental impact 

of the furniture system.  

7.2.1.2 2nd step: workshop 

The specification process was carried out firstly by the Ph.D. candidate based on the 

general S.PSSD strategies and guidelines. New insights from literature review, case studies 

and semi-structured interviews were integrated along the process. Please see Figure 70 for a 

more specific example of the shift from general to furniture-specific S.PSSD guidelines. A 

draft version of furniture-specific S.PSSD strategies and guidelines was developed and 

reviewed and further developed through a collaborative workshop that involved scholars and 

experts on Design for Sustainability and Furniture Design, with the goal of validating this 

knowledge. The outcome of the workshop was the first version of furniture-specific 

guidelines, which was further reviewed and refined to integrate final improvements. 

 
Figure 70 An example of developing furniture-specific guidelines from general ones 

7.2.1.3 3rd step: iterative revision and improvement of these guidelines 

Following the conclusions of the workshop, the first version of furniture-specific 

S.PSSD guidelines was created. This first version was subjected to revision primarily by 
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experts in the field of Design for Sustainability and Furniture Design. This resulted in the 

final version of the furniture-specific S.PSSD guidelines. 

Following the revision process, the guidelines were integrated into a toolkit (which is 

described in the next chapter). The application and evaluation of this toolkit provided an 

opportunity for peer review and scholarly critique of the toolkit and these guidelines, further 

enhancing the robustness of the knowledge. 

7.2.1.4 The involvement of the author and other participants 

Design-based research is a systematic, yet flexible methodology aimed at enhancing 

practices through iterative analysis, design, development, and intervention implementation. It 

relies on collaboration among researchers and practitioners in real-world settings, resulting in 

contextually sensitive design principles and theories. 

The author conducted preliminary research encompassing literature reviews, case 

study analyses, and the development of the draft version of the furniture-specific S.PSSD 

guidelines. This study involved other researchers and practitioners for the reviewing and 

validation of the draft guidelines to form the final version. 
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7.2.2 Furniture-specific Sustainable Product-Service System Design Guidelines 

• Furniture System life optimization 

• Transportation/distribution reduction in the furniture system 

• Minimize resource consumption in the production stage 

• Furniture system waste minimization/valorization 

• Resources conservation/biocompatibility in the furniture system 

• Furniture system toxicity reduction 

 

Strategy 1: Furniture System life optimization 

• Complement furniture with all-inclusive services for design or co-design  

• Complement furniture with all-inclusive services for maintenance and repair 

• Complement furniture with all-inclusive services for temporary replacement and 

reconfiguration  

• Complement furniture with management service to avoid furniture sitting idle  

• Complement furniture with services for a technological upgrade, e.g., adjustable desks 

and task chairs, power and data hubs 

• Complement furniture with services for ergonomics adjustment, e.g., task chairs 

• Complement furniture with services for aesthetic/cultural upgrades, e.g., by providing 

refurbish services or providing design advice to help customers upgrade their 

furniture 

• Complement furniture with services that enable the adaption in new locations/new 

interiors, e.g. through design and refurbishment services 

• Complement furniture offers with all-inclusive take-back services aimed at re-using or 

re-manufacturing 

• Offer services for shared use of ownerless furniture paid-per-period or paid-per-use, 

e.g.  co-working and co-living 

• Offer services for shared ownership of furniture or furniture system, e.g., collective 

purchase and use of furniture or furniture system in public space by multiple users 

• Offer services for furniture sharing and/or exchanging 
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• Offer infrastructures (e.g., collection points, furniture refurbishing points) or 

platforms (e.g., online marketplace of used furniture) and services for furniture reuse 

and/or second-hand selling 

Strategy 2: Transportation/distribution reduction in the furniture system 

• Furniture producer/provider uses digital channels to offer information/guidance 

services for furniture purchase, installation, repair, maintenance, and upgrade 

• Furniture producer/provider creates partnerships with locally-based furniture care 

service providers to offer all-inclusive services, including assembly, maintenance, 

repair, reconfiguration, upgrade, and end-of-life collection/treatment, etc. 

• Furniture producer/provider creates partnerships with locally-based acknowledged 

suppliers of resources for furniture pre-production, production, distribution, 

maintenance, repair and upgrade 

• Furniture developer/designer creates partnerships with local furniture manufacturers 

for local production and delivery (e.g., a decentralized manufacturers network) 

• Merge the furniture offer with all-inclusive services, tools, and support for on-site 

assembly 

• Furniture producer/provider creates partnerships with retailers and other stakeholders 

to reduce/avoid packaging, either tertiary, secondary, or primary 

• Furniture producer/provider creates partnerships to reduce or avoid 

transportation/packaging of semi-finished products, e.g., partnerships with component 

suppliers and manufacturers  

• Offer furniture with reusable/returnable packaging 

• Merge furniture/semi-finished furniture with all-inclusive service for transportation to 

optimize distribution  

• Offer remote support and status monitoring of activities and interventions to be 

carried out on-site by the user related to furniture maintenance, repair, upgrade, and/or 

end-of-life collection/treatment 

• Offer guidance/training services to support locally-based Do-It-Yourself furniture 

Strategy 3: Minimize resource consumption in the production stage 

• Offer access to resource-saving furniture manufacturing spaces, equipment, and 

facilities (enabling platform) with advanced technologies through pay-per-period/pay 

for a specific function  
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• Create partnerships/networks to use/integrate/complement existing furniture 

infrastructures, e.g., 3D printers and CNC machines for furniture manufacturing 

• Outsource activities when higher scale economies are feasible or higher specialization 

and technological efficiency of furniture components when available, especially 

standard components 

• Offer furniture/semi-finished furniture based on pre-determined demand aimed at 

avoiding unsold inventory and/or surplus production 

Strategy 4: Furniture system waste minimization/valorization 

• Complement furniture offer with all-inclusive take-back services aimed at recycling 

• Complement furniture offer with all-inclusive take-back services aimed at (low-

impact) energy recovery 

• Create local partnerships aimed at a symbiotic/cascade approach for recycling 

disposed furniture or waste into products with lower requirements in other sectors, 

e.g., sawdust as raw materials for fiberboard or for flower pot 

Strategy 5: Resources conservation/biocompatibility in the furniture system 

• Engage material suppliers for renewable materials in the furniture system  

• Engage local energy suppliers who offer ownerless solutions with access to on-site 

renewable energy systems as well as all-inclusive services, including design, 

installation, maintenance, and repair, etc., for the functioning of the furniture system‘s 

pre-production and production phases 

• Create partnerships that enable/increase the use of recycled materials in the furniture 

system from disposed products of other sectors 

Strategy 6: Furniture system toxicity reduction 

• Complement furniture material offered with services that minimize/treat toxic or 

harmful emissions of processes along furniture production, e.g., recycling of paints 

from the painting process  

• Complement furniture offer with all-inclusive end-of-life treatments of toxic or 

harmful substances, e.g., treatment of painting components/glue-contained 

components 

• Create partnerships with other producers to reuse or recycle toxic/harmful by-products 
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7.3 Who are these guidelines for? 

The focus of DfS has progressively expanded from single indicator products to 

complex systems (Ceschin & Gaziulusoy, 2016). This has been accompanied by an increased 

development of knowledge.  

In the furniture industry, some sustainable furniture product design strategies have 

been proposed  (Krystofik et al., 2018), such as reducing material content (Ika Rinawati et al., 

2018) and selecting resources with lower environmental impacts (Iritani et al., 2015). 

However, the focus remains mainly on single-indicator innovation, which is insufficient for 

addressing the complexity of sustainable challenges in the furniture industry. In other words, 

there is a lack of comprehensive furniture LCD approaches, strategies, and guidelines. 

Furthermore, there is limited research that provides solutions for the trade-offs among 

different LCD strategies, i.e., furniture-specific LCD strategy priorities. Regarding furniture 

S.PSSD, existing studies focus on either environmental sustainability or economic prosperity 

without considering win-win solutions that benefit both the economy and environment (Park 

et al., 2016). To develop sustainable win-win solutions for furniture S.PSSD, it is necessary 

to expand the knowledge base and know-how of DfS applied to furniture. In conclusion, 

while the importance of design and system innovation for sustainability is acknowledged, the 

approved knowledge base and know-how for DfS applied to furniture are quite limited.  

These furniture-specific design guidelines featured in this chapter are partial outcomes 

of the research activities conducted during a Ph.D. program and consultancy experiences 

undertaken by the LeNS Lab POLIMI. The purpose of this research is to address the 

relationship between the practical industry and the academic field. 

These guidelines aim to support various stakeholders involved in sustainable furniture 

system design, including researchers, teachers, students, designers, design studios, furniture 
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companies, NGOs, and other interested organizations. Researchers working on sustainable 

furniture system design projects can adapt these guidelines to their specific contexts and 

objectives, whether focusing on a particular country, industry area, typology, furniture 

company, design studio, etc. For educational purposes, the guidelines and cases can help 

students gain a deeper understanding of sustainable furniture products and S.PSS.  
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Chapter 8 The Development of furniture-specific Design 

Know-how: method and tools 

8.1 The Development of a Method for Environmentally 

Sustainable Furniture System Design  

In order to develop environmentally sustainable furniture systems, it is necessary to 

have consolidated methods and tools that can help users understand the environmental 

priorities of existing systems and adopt appropriate design strategies and guidelines. 

Compared to general design process, incorporating environmental requirements makes the 

design process more complex but ultimately yields valuable results. Within this framework, 

designers require consolidated knowledge and decision-supporting tools to accomplish the 

following objectives: 

• Assessing the environmental impact of the existing furniture system and identifying 

the priorities for the design interventions. 

• Orientating the design innovations and decisions towards lower environmental impact 

solutions. 

• Evaluating the potential environmental improvements of new solutions. 

The development of Method for Environmentally Sustainable Furniture System 

Design referred to the Method for Product Design for Sustainability (MPDS) and the Method 

for System Design for sustainability (MSDS) since these two methods are consistent with 

ISO14046 and with many years of application and improvement in practical projects, as 

depicted in chapter 2.3.  

The Method for Environmentally Sustainable Furniture System Design combines the 

typical product and PSS Design method (process) with furniture-specific sustainable design 
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steps. The proposed method is defined along four stages of furniture product and furniture 

Product-Service System design: 

Strategic analysis/design brief 

This stage aims at collecting information to understand the existing context and 

processing it into insights to steer the exploration of promising furniture products/S.PSS 

solutions. 

Concept design 

This stage aims to develop and select the most promising furniture product and 

service concepts, identify innovative potential directions for the development of valuable 

solutions that involve/consider all stakeholders in the value production chain. 

Detailed design (and engineering) 

This stage aims at developing the details of the project to enable the implementation 

of the solution, such as detailed furniture production processes/materials and detailed 

interaction between stakeholders within the furniture S.PSS. 

Communication 

This stage aims at drawing up documents to communicate the sustainability 

characteristics of the final furniture system solution designed. 

Along with the abovementioned process, the proposed Method for Environmentally 

Sustainable Furniture System Design presents processes for both the Product-Service System 

level (based on the Method for System Design for Sustainability, MSDS, Vezzoli et al., 2021) 

and the product level (based on the Method for Product Design for environmental 

Sustainability, MPDS, Vezzoli, 2008). 

The Method for Sustainable Furniture System Design is a modular method. For a 

comprehensive Sustainable Furniture System Design project, users could start from the 
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sustainable furniture product design process (left part marked with orange color) or the 

furniture S.PSS design process (right part marked with blue color). For a specific project that 

focuses on either sustainable furniture products or furniture S.PSS design, users could 

conduct one process. 

 

Figure 71 The Method for Environmentally Sustainable Furniture System Design, integrating furniture-specific 

sustainable product & S.PSS design processes within the typical design method (process). 

8.1.1 Method for Sustainable Furniture Product Design 

The Method for Sustainable Furniture Product Design described below aims to 

integrate sustainability into furniture Life Cycle Design using consolidated tools (the 

ICSxfurniture Toolkit which is described in detail in chapter 8.2). The method has a modular 
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structure, so it can be easily used for specific design requirements or diverse design contexts 

and even integrated into other design procedures. However, for optimal efficiency and 

sustainability, it is recommended that designers adopt the method and tools from the very 

beginning of the design process. A detailed description of the sustainable furniture product 

design steps, aims, and tools related to each design stage is provided in the following table. 

Table 38 The Method for Sustainable Furniture Product Design aims, steps, and tools. 

Process Aim Stages Tools 

Furniture product 

strategies 

analysis/design brief 

To identify the 

environmentally 

critical areas and the 

LCD strategies with 

the greatest potential 

for reducing the 

environmental impact 

of the furniture 

product (functional 

unit) 

. Environmental evaluation 

of reference product 

. Identification of 

environmental design 

priorities 

• LCA software 

• Checklist for existing 

furniture evaluation 

(ICSxfurniture toolkit) 

• Multi-strategy Radar 

(ICSxfurniture toolkit) 

Furniture product 

concept design 

To orient the 

generation of ideas 

towards 

environmentally 

sustainable solutions 

. Environmental 

sustainability-focused ideas 

generation, selection, and 

clustering 

• Eco-idea boards 

(ICSxfurniture toolkit) 

• Multi-strategy Radar 

(ICSxfurniture toolkit) 

To design promising 

environmentally 

sustainable concept/s  

. Design environmentally 

sustainable concept/s  

. Representation of concept 

environmental features 

• Life cycle exploded 

diagram 

. Environmental 

evaluation/comparison of 

concept/s among them and 

with the reference product 

•  LCA tools 

• Checklist for concept 

improvement 

evaluation/LCD 

strategies pursuit 

evaluation 

(ICSxfurniture toolkit) 

Furniture Product 

detailed design (& 

engineering) 

To orient the design 

of project details 

toward the most 

environmentally 

sustainable solutions 

. Environmental evaluation 

of alternative 

processes/materials for 

lower-impact selection 

• LCA tools 
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Communication To communicate the 

environmentally 

sustainable benefits 

and characteristics of 

the newly designed 

furniture product 

. Environmental 

comparison with reference 

products 

. Documentation for 

communication of 

environmental quality 

• LCA tools 

• Checklist for concept 

improvement 

evaluation/LCD 

strategies pursuit 

evaluation 

(ICSxfurniture toolkit) 

8.1.2 Method for Sustainable furniture Product-Service System Design 

(furniture S.PSSD) 

The method for furniture S.PSSD is presented below with the goal of integrating and 

supporting the design process towards win-win environmentally and economically 

sustainable solutions with consolidated tools (the SDOxfurniture Toolkit which is described 

in detail in chapter 8.3). Similar to the product part, this method has a modular structure, and 

it can be easily adapted to specific design requirements, diverse design contexts, and other 

design procedures. However, to gain the highest efficiency and sustainability, it is 

recommended to adapt the method with tools at the very beginning of design.  

Table 39 The Method for Sustainable Furniture PSSD aims, steps, and tools. 

process Aim stages tools 

Furniture S.PSS 

strategies 

analysis/design brief 

To obtain the 

information necessary 

to facilitate the 

generation of 

sustainable system 

innovation ideas 

. Analysis of sustainable 

best practice 

. Sustainable analysis of 

reference PSS 

. Definition of S.PSS design 

priorities 

• Innovation diagram x 

furniture 

• Environmental analysis 

Checklist 

(SDOxFurniture 

toolkit) 

 

Furniture S.PSS 

concept design 

To make a ‘catalog’ 

of promising strategic 

possibilities available 

or, in other words, a 

sustainability design-

orienting scenario 

and/ or a set of 

sustainably promising 

system ideas 

. Generation of 

Sustainability-oriented 

ideas for furniture S.PSS 

. Furniture S.PSS ideas 

selection 

 

 

• Idea boards 

(SDO×furniture toolkit) 

• Radar diagram 

(SDO×furniture toolkit) 
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To develop one or 

more system concepts 

oriented toward 

sustainability 

. Furniture S.PSS concept 

design 

. Development of 

sustainable furniture design 

orienting scenario 

• Innovation diagram x 

furniture S.PSS 

 

. Sustainability comparison 

of furniture S.PSS 

concept/s among them and 

with reference to PSS 

• Environmental analysis 

Checklist 

(SDO×furniture toolkit) 

• Radar diagram 

(SDO×furniture toolkit) 

• LCA tools 

Furniture S.PSS 

detailed design (& 

engineering) 

To develop the most 

promising system 

concept into the 

detailed version 

necessary for its 

implementation 

. Furniture S.PSS detailed 

design 

• System mapxFurniture 

S.PSS 

 

Communication To draw up reports to 

communicate the 

general and, above all, 

sustainable 

characteristics of the 

system designed 

. Sustainability comparison 

of designed furniture S.PSS 

with the reference PSS 

. Documentation for 

communication of 

environmental quality 

• Environmental analysis 

Checklist 

(SDO×furniture toolkit) 

• LCA tools 

• System mapxFurniture 

S.PSS 

8.2 Furniture Product LCD Tools Adaptation/Design and 

Prototyping 

A comprehensive analysis was conducted on 120 tools originating from 29 different 

institutions and 58 publications (Chapter 2.3). One aim was to identify the potential 

application of these general tools for furniture, while another aim was to identify gaps in tools 

for furniture system design. The results revealed that there are tools for complete or 

simplified Life Cycle Assessment (LCA), dedicated tools for specific environmental 

performance (such as materials selection), and tools for description. However, there is a lack 

of Qualitative Evaluation Tools and design tools for both furniture Life Cycle Design (LCD) 

and furniture S.PSSD.  
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The development of furniture-specific system design tools drew upon the 

functionalities of the general ICS toolkit and SDO toolkit for several reasons: 

• These tools were developed as part of European Union-funded projects and the Lens 

Network. They have undergone verification by collaborators from approximately 150 

universities. 

• These tools integrate functions crucial for qualitative assessment, sustainability design 

orientation, and improvement comparison. These functionalities are significant in the 

development of sustainable projects (Vezzoli and Manzini, 2007, p. 210) and can 

support the entire design process from strategic analysis to concept design, detailed 

design, and communication. 

• Their modular nature allows the integrated tools to be used either sequentially or 

separately. 

• The new knowledge developed within this research, including the Life Cycle 

Assessment (LCA) data, the developed guidelines, the cases, and the archetypal 

furniture S.PSS map, can be seamlessly integrated into these tools to support 

furniture system design. 

In conclusion, the prototyping of furniture-specific tools follows the structures and 

functions of the general ICSxToolkit and the SDOxToolkit. New efforts encompass the 

specification of knowledge integrated into the tools for furniture (Chapter 5-7), the 

optimization of functions of general ones, the optimization of the sequence of operation, the 

optimization of using steps, and the optimization of layouts. The results are detailed in the 

following chapters. 

8.2.1 ICS x Furniture Toolkit 

The ICSxFurniture toolkit is designed to provide guidance at the early stages of 

furniture product development, with the aim of promoting environmentally sustainable 

solutions. The toolkit is grounded in comprehensive knowledge and practice, specifically, 7 
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Sustainable Furniture product life cycle design strategies, 23 sub-strategies, 154 guidelines, 

and 41 best cases. These 7 furniture-specific Product Life Cycle Design strategies are: 

• Furniture use extension/intensification (HIGH PRIORITY) 

• Reduce material consumption of furniture (HIGH PRIORITY) 

• Furniture materials life extension (MIDDLE PRIORITY) 

• Reduce toxicity of the furniture system (LOW PRIORITY) 

• Reduce energy consumption of the furniture system (LOW PRIORITY) 

• Resources conservation/biocompatibility (LOW PRIORITY) 

• Design for furniture disassembly 

The furniture-specific ICSxFurniture toolkit, as the furniture-specific LCD guidelines 

was developed as a part of the GIOTTO project, which focused on Circular Economy for 

enhancing the competitiveness of value chains within the "Made in Italy" sector. This project 

was funded by the Italian Ministry of Education and Research (MIUR). Within this project, I 

conducted the preliminary research (chapter 1 and chapter 5), and developed the toolkit. 

The ICSxFurniture toolkit is built upon a spreadsheet file that incorporates 4 inter-

connected tools enabling seamless navigation among them, see Figure 72, includes: 

• Checklist for existing furniture Evaluation (6 checklists, one for each strategy); 

• Eco-idea boards (6 boards, one for each strategy); 

• Checklist for concept improvement/furniture LCD strategies pursuit evaluation (3 

levels of detail: strategy level-simplified, sub-strategy level-normal, guideline level-

deep); 

• Muti-strategy Radar; 
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Figure 72 The homepage that navigates among 4 tools 

The suite of tools offered by the ICSxFurniture toolkit, though diverse in their specific 

functionalities, are designed to collectively facilitate the development of sustainable furniture 

products. Comprising several tools tailored to various design stages, this modular toolkit 

offers users the flexibility to select and employ tools based on their unique project 

requirements. The succeeding paragraphs outline each tool in detail, providing insight into 

their respective aims, components, usage procedures, and integration within the design 

method.  

8.2.2. Checklist for the Existing Furniture Evaluation (ICS x Furniture Toolkit) 

Aim 

The objective of the tool is to assess the environmental impact of the existing 

furniture with a qualitative approach. The ultimate goal is to identify the level of priority for 

each of the six furniture Life Cycle Design strategies, i.e., the degree of environmental 

improvement potential by employing each strategy. 
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Components (Figure 73) 

1. 6 checklists, one for each furniture LCD strategy; 

2. A navigator to move from one checklist to another; 

3. A list of environmentally-focused questions associated with furniture for each 

strategy; 

4. A space to record the environmental analysis results for reference furniture; 

5. A drop-down menu to select the level of priorities to be assigned to each strategy; 

6. The visual representation of assigned priority for each design strategy. 

 
Figure 73 The components for Checklist for the Existing Furniture Evaluation_ICS x Furniture Toolkit 

How to use the tool (Figure 74) 

1. To access the tool, click on ‘qualitative assessment existing product/system’ on the 

home page. 

2. Start from the first checklist (for the strategy ‘Furniture use extension/intensification”) 

and read each question in sequence; 

3. Answer these questions to evaluate the existing furniture product; 

4. Repeat this process for all six strategies to obtain a comprehensive and detailed 

overview of how environmental impact is allocated; 

5. Identify the relative priorities for each strategy with the drop-down list by choosing 

no, low, medium, or high priority. 
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Figure 74 The steps for Checklist for the Existing Furniture Evaluation_ICS x Furniture Toolkit 

Tool’s integration into the design process 

The checklist is supposed to be integrated into the ‘furniture product strategic 

analysis’ stage to evaluate the environmental impact of reference furniture and subsequently 

to prioritize the environmental design strategies. 

 
Figure 75 The checklist for the Existing Furniture Evaluation integration into the design process 
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8.2.3. Eco-idea Boards (ICS x Furniture Toolkit) 

Aim 

The eco-idea boards aim to facilitate the generation and collection of ideas focused on 

the environmental sustainability of furniture products. The tool consists of seven boards, each 

corresponding to a particular LCD strategy. The boards contain indications of previously 

identified priorities as well as specific guidelines and examples associated with each strategy 

to stimulate and guide the generation of environmentally sustainable ideas. 

Components 

1. 11 idea boards for 7 furniture LCD strategies; 

2. A navigator to move from one idea board (strategy) to another; 

3. A list of design guidelines for each strategy; 

4. E-post-its to write down promising new ideas; 

5. Best practices as examples for some guidelines; 

6. The visualization of priorities for each strategy. 

 

Figure 76 The components for Eco-idea Boards (ICS x Furniture Toolkit) 

How to use the tool  

1. To access the tool, click on ‘ECO-idea boards’ on the home page; 

2. Start from the strategy with ‘high priority’, and read furniture-specific LCD 

guidelines; 

3. Click on ‘EX” to check the best practice from the repository on lens-international.org, 

to access additional information and have further inspiration; 

4. Write down ideas oriented toward environmental sustainability on the digital post-its; 
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5. Repeat this process for all seven LCD strategies (21 sub-strategies) based on the 

priority allocated for each strategy. 

 

Figure 77 The using steps for Eco-idea Boards (ICS x Furniture Toolkit) 

 

Tool’s integration into the method for sustainable furniture S.PSS design 

The checklist is supposed to be applied in the ‘furniture product concept design’ stage 

to facilitate environmental sustainability-focused ideas generation, selection, and clustering. 
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Figure 78 Eco-idea Boards (ICS x Furniture Toolkit) integration into the design process 

8.2.4 Checklist For Concept Improvement/LCD Strategies Pursuit Evaluation (ICS 

x Furniture Toolkit) 

Aim 

The checklist for concept improvement (simplified/normal) aims to have a qualitative 

indication of the level of improvement of the new concept in comparison to the existing 

furniture. The checklist for LCD pursuit evaluation (deep) aims to have a qualitative 

indication of the level of pursuit of the furniture-specific LCD strategies. 

(1) Checklist for furniture product LCD strategies pursuit evaluation (simple) 

Components (simple) 

1. A drop-down list to assess the level of improvement for each strategy, including 

options for worse/ no improvement/ incremental improvement/ radical improvement; 

2. The identified priority for each strategy; 

3. A final score and level of improvement for the pursuit of strategies. 
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Figure 79 The components for the Checklist for furniture product LCD strategies pursuit evaluation (simple) 

How to use the tool 

1. To access the tool, click ‘life cycle design strategies pursuit evaluation_ simplified’ 

on the home page; 

2. On a “simplified” mode, the level of pursuit is evaluated per each of the six LCD 

strategies through the above-mentioned scale; 

3. The evaluation is automatically weighted with the priorities given for each LCD 

strategy, providing an overall evaluation of improvement, which is summarized into 

an overall total score. 

 

Figure 80 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (simple) 

(2) Checklist for furniture product LCD strategies pursuit evaluation (normal) 
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Components (normal) 

1. A drop-down list to assess the level of improvement achieved for each sub-strategy, 

including options for worse/ no improvement/ incremental improvement/ radical 

improvement; 

2. The identified priority for each strategy; 

3. A score and level of improvement for the pursuit of sub-strategies; 

4. A final score and level of improvement for the pursuit of strategies. 

 
Figure 81 The components for the Checklist for furniture product LCD strategies pursuit evaluation (normal) 

How to use the tool 

1. To access the tool, click ‘life cycle design strategies pursuit evaluation_normal’ on 

the home page; 

2. The “normal” mode allows the evaluation of the pursuit of strategies through the 

assessment of each sub-strategy's improvement; 

3. Results are then summed up to determine the level of improvement for each strategy; 

4. Finally, the score is weighted with each LCD priority and is summarized into an 

overall total score. 
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Figure 82 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (normal) 

(3) Checklist for furniture product LCD strategies pursuit evaluation (deep) 

Components (deep) 

1. A checklist for the pursuit evaluation of each guideline for each sub-strategy; 

2. A count number of achieved guidelines for each sub-strategy; 

3. An automatically calculated percentage of achievement for each sub-strategy and then 

the overall strategy; 

4. The identified priority for each strategy; 

5. A final score and level of improvement for the pursuit of strategies. 

 

Figure 83 The components for the Checklist for furniture product LCD strategies pursuit evaluation (deep) 
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How to use the tool 

1. To access the tool, click on ‘life cycle design strategies pursuit evaluation_deep’ on 

the home page; 

2. The “deep” mode analysis allows for the assessment of the pursuit level of guidelines 

for each sub-strategy of every strategy. The checklist provides pre-determined options 

(“yes”, “partially”, no”, “not applicable”) that are automatically converted into 

percentages for each sub-strategy; 

3. The percentages for each sub-strategy are aggregated to determine the pursuit level of 

the strategy as either radical, incremental, none, or worsen; 

4. Repeat this process for each guideline of each sub-strategy of all seven strategies; 

5. Finally, the level of pursuit of each strategy is weighted in relation to its priority. This 

weighted pursuit level is summarized into an overall total score on the summary 

board, providing a new concept's overall improvement level. 

 

 

Figure 84 The steps for the Checklist for furniture product LCD strategies pursuit evaluation (deep) 
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Tool’s integration into the method for sustainable furniture product design 

The checklist for LCD strategies pursuit evaluation can be integrated into the 

‘furniture product concept design’ stage for the environmental sustainability evaluation of the 

furniture product concept as a comparison to a standard product. During the ‘furniture 

product communication’ stage, the outcome of this evaluation/comparison could be 

effectively used as input for the communication contents. 

 

Figure 85 Checklist for concept improvement evaluation/furniture product LCD strategies pursuit evaluation 

integration into the design process 

8.2.5 Multi-strategy Radar (ICS x Furniture Toolkit) 

Aim 

The radar is a visual tool that can be used to summarize evaluations and ideas 

elaborated with idea boards. Specifically, radar could be used to visualize the allocation of 

intervention priorities for each LCD strategy, the potential improvement determined by the 

concept (whether it is radical, incremental, none, or worsened), and the main characteristics 
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that contribute to such improvements in the furniture concept. In addition, the radar can also 

serve as a useful tool for collecting the most promising eco-ideas generated during the 

ideation phase. 

Components 

1. a radar map to visualize the potential improvement of the furniture product concept 

over the existing furniture product for each of 6 strategies; 

2. a space for each strategy to recap the promising ideas for the new concept; 

3. text to remind the users of the level of priorities and improvement for each strategy. 

 

Figure 86 The components for the radar map 

How to use the tool 

The multi-strategy radar is a tool that provides a visual representation of six furniture 

Life Cycle Design (LCD) strategies. It utilizes a diagram based on a set of concentric circles 

with radial arrows emanating from the center.  

1. To access the tool, click on ‘Radar’ on the home page; 

2. After using the tool ‘Checklist for existing furniture Evaluation’ and ‘Checklist for 

furniture product LCD strategies pursuit evaluation’, priorities (for each strategy) and 
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the potential improvements of the concept in relation to the initial product (for each 

strategy) will be automatically visible on each strategy button; 

3. The priority automatically appears on strategy arrows; 

4. The hexagonal shape vertexes move on automatically radial coordinates as soon as a 

“Checklist for LCD strategies pursuit evaluation” has been carried out, with options 

for a simplified, normal, or deep assessment. This visualizes clear and immediate 

feedback between the identified environmental priorities and the potential benefits 

achievable through a given concept; 

5. Select and visualize the most promising eco-ideas generated from the previous stage. 

Users can transfer the "digital post-its" produced within eco-idea boards for each 

strategy through a simple copy-paste action and place them near the arrow 

corresponding to the specific strategy from which the eco-ideas were extracted; 

6. Summarize the most valuable environmental characteristics that would allow the 

improvement. 
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Figure 87 The steps for the radar map 

Tool’s integration into the method for sustainable furniture product design 

Due to its multiple ways of interaction with other tools, the multi-strategy radar can 

be integrated within different stages of the design process. During the strategic analysis 

phase, it can be used to report identified environmental priorities for each strategy;  it can be 

used during the furniture product concept design stage, in combination with eco-idea boards 

to transfer and clearly visualize the best ideas, as well as a visual synthesis of the overall 

potential environmental benefits of the concept; during the furniture product communication 

stage, the tool can be used to show the results for environmental comparison with reference 

products. 



 

288 

 

Figure 88 The radar map integration into the design process 

8.2.6 ICSxFurniture toolkit availability 

As previously mentioned, the ICSxFurniture toolkit encompasses all the tools outlined 

above and is accessible through an open-access and open-source spreadsheet file, available to 

download for free at LeNS Lab polimi 27 / Learning resources / Furniture system design for 

sustainability tools. Indeed, the toolkit is a resource to spread, implement, and improve the 

practice of furniture Life Cycle Design, e.g., by introducing strategies and guidelines related 

to furniture-specific domains. A video presentation is linked to the source of the tool. 

 

 

 
27 https:  www.lenslab.polimi.it  
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8.3 Furniture S.PSSD Tools Adaptation/Design and Prototyping  

This section outlines several tools that can support the various stages of the methods 

presented for designing furniture environmentally Sustainable Product-Service Systems 

(S.PSS). 

In particular, the following paragraph provides a detailed description of tools 

developed specifically for the furniture. These tools (or toolkits) are described in the 

following chapters: 

SDOxFurniture toolkit, which consists of : 

• Environmental Analysis Checklist; 

• Idea boards; 

• Environmental Comparison Checklist 

• Radar diagram; 

• Innovation Diagram x Furniture S.PSS; 

• System map x Furniture S.PSS. 

Each tool is described using the following structure: 

• The aim; 

• The components of the tool (what it consists of); 

• Tool’s integration into the Method for Furniture S.PSS Design; 

• How to use the tool in the design process; 

• Availability and resources required to use the tool. 

8.3.1 SDOxFurniture Toolkit  

The SDOxFurniture toolkit is designed to facilitate the development of furniture 

S.PSS solutions in the system design process. To achieve this, the toolkit draws upon a 

comprehensive understanding of the Furniture System's environmental impacts, as well as 6 

furniture S.PSS design strategies and 37 guidelines, and 44 best practice cases. These 6 
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strategies provide a framework for incorporating sustainability principles into furniture 

PSSD. Specifically, the furniture S.PSS design strategies include: 

• Furniture System life optimization 

• Transportation/distribution reduction in the furniture system 

• Minimize resource consumption in the furniture system 

• Furniture system waste minimization/valorization 

• Resources conservation/biocompatibility in the furniture system 

• Furniture system toxicity reduction 

By leveraging these strategies, the SDOxFurniture toolkit empowers designers to 

create furniture S.PSSs that are not only functionally pleasing but also environmentally 

responsible. The toolkit is composed of a spreadsheet file that seamlessly integrates a variety 

of tools, providing users with the ability to easily navigate between them. These tools 

include: 

• Environmental Analysis Checklist (6 checklists, one for each strategy) 

• Idea boards to generate sustainability-focused ideas (6 boards, one for each strategy) 

• Environmental improvement Checklist (6 checklists, one for each strategy) 

• Radar diagram to visualize the improvement of new solutions 

These tools have different functions, but with the same aim of supporting designers in 

designing furniture S.PSS. Specifically, the SDOxFurniture toolkit is used to: 

• Qualitatively analyzing the existing furniture system’s environmental impact and 

setting sustainability design priorities (with the checklist tool);  

• Generation of sustainable ideas with design-orienting guidelines and related best 

practices (with the idea board and case cards);  

• Checking (checklist tool) and visualizing (radar diagram) the potential sustainability 

improvements in relation to the existing furniture system. 

The SDOxFurniture toolkit offers support for various design steps with a range of 

tools. This modular toolkit empowers users with the flexibility to select and utilize multiple 

tools depending on the unique requirements and circumstances of each design project. 
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8.3.2 Environmental Analysis Checklist (SDOxFurniture toolkit) 

Aim 

The tool serves the following purposes in a qualitative way:  

• To analyze the environmental impact of the current (reference) furniture system; 

• To prioritize furniture S.PSS design strategies based on their effectiveness in reducing 

the furniture system’s environmental impact; 

Components 

1. 6 checklists, one for each furniture S.PSS design strategy; 

2. A navigator for users to move between checklists; 

3. A list of questions related to the environmental impact of each design strategy; 

4. A report-writing space to record the environmental analysis results for the reference 

system; 

5. A drop-down menu to select the level of priority for each strategy; 

6. Visual representations of the design strategies' priorities  

 

Figure 89 The components for the Environmental Analysis Checklist_SDOxFurniture toolkit 

How to use the tool 

1. To access the tool, click on the ‘Environmental Analysis Checklist’ on the home page; 

2. Start from the first checklist (for the strategy ‘ Furniture System Life Optimisation”) 

and read each question in a sequential order; 

3. Respond to each question for the strategy; 

4. Make the evaluation of all 6 strategies to assess the current state of the furniture 

system; 
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5. Define the relative priorities for each strategy using the drop-down menu by selecting: 

‘no (priority)’, ‘low(priority)’, ‘medium (priority)’, or ‘high (priority)’. 

 

 

Figure 90 The steps for using the Environmental Analysis Checklist_SDOxFurniture toolkit 

Tool’s integration into the sustainable furniture system design process 

The tool can be integrated within multiple design stages: during the furniture S.PSS 

strategic analysis stage, the tool could be used for ‘sustainable analysis of reference PSS’, and 

“definition of S.PSS design priorities’; during the furniture concept design stage and the 

furniture S.PSS communication stages, the tool can be used for sustainability comparison of 

S.PSS concept with reference furniture PSS. 
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Figure 91 The Environmental Analysis Checklist (SDOxFurniture toolkit) integration into the design process 

8.3.3 Idea Boards (SDOxFurniture toolkit) 

Aim 

The tool aims to foster the generation of furniture S.PSSD ideas using 6 idea boards. 

These idea boards provide design strategies, guidelines, and best practices for sustainability. 

These strategies support to reduce the environmental impact of furniture systems and include 

the following: 

• furniture system life optimization; 

• reduce the transportation/distribution in the furniture system; 

•  minimize resource consumption in the furniture system; 

•  minimization/valorization of waste from the furniture system; 

• resource conservation/biocompatibility in the furniture system; 

• reduce the toxicity in the furniture system. 
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Components 

1. 6 idea boards, each corresponding to a furniture S.PSSD strategy; 

2. A navigator to switch between idea boards; 

3. A list of design guidelines for each strategy; 

4. E-post-its to record new ideas; 

5. Best practices as examples of guidelines; 

6. A visual representation of the priority level for each strategy. 

 

Figure 92 The components for Idea Boards (SDOxFurniture toolkit) 

How to use the tool  

1. To access the tool, click on ‘Orientate concept’ on the home page; 

2. Begin with the strategy identified as ‘high priority, and Read each furniture-specific 

design guidelines in sequence; 

3. Click on the ‘EX’ mark next to certain guidelines to access additional information and 

gain further inspiration from these best practices; 

4. Use the digital post-its to record any emerging system ideas; 

5. Navigate to the next strategy and repeat the same process until ideas are generated for 

each strategy. 
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Figure 93 The steps for using Idea Boards (SDOxFurniture toolkit) 

Tool’s integration into the method for sustainable furniture S.PSS design 

The tool can be integrated into the ‘Furniture S.PSS concept design’ stage to ‘generate 

sustainability-oriented ideas for PSS’. 

 

Figure 94 Idea Boards (SDOxFurniture toolkit) integration into the design process 
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8.3.4 Environmental improvement Checklist (SDOxFurniture toolkit) 

Aim 

The tool serves the following purposes in a qualitative way:  

• To analyze the environmental impact of the new furniture concept and compare it to 

the existing system. 

Components 

1. 6 checklists, one for each furniture S.PSS design strategy; 

2. A navigator for users to move between checklists; 

3. A list of questions related to the environmental impact of each design strategy; 

4. A report-writing space to record the environmental analysis results for the new system 

concept; 

5. The environmental evaluation result of existing furniture; 

6. A drop-down menu to choose the level of improvement for the new system concept 

compared to the reference system; 

7. Visual representations of the design strategies' priorities and the level of improvement 

for the new concept compared to the reference furniture system. 

 

Figure 95 The components for Environmental improvement Checklist (SDOxFurniture toolkit) 

How to use the tool 

1. After designing a new concept, click on the ‘Environmental Analysis Checklist’ on 

the home page to access the tool; 

2. Start from the first checklist (for the strategy “Furniture System Life Optimisation”) 

and read each question in a sequential order; 

3. Respond to each question for the strategy for the new concept; 
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4. Define the relative improvement by comparing the new concept with the reference 

furniture system, with the drop-down menu by choosing ‘no improvement’, ‘worse’, 

‘incremental improvement’, and ‘radical improvement’. 

5. Continue with the other strategies until finished. 

 

Figure 96 The steps for using the Environmental improvement Checklist (SDOxFurniture toolkit) 

Tool’s integration into the sustainable furniture S.PSS design 

The tool can be integrated within multiple stages of the design process: during the 

furniture S.PSS strategic analysis stage, the tool could be used for ‘sustainable analysis of 

reference PSS’, and “definition of S.PSS design priorities’; during the furniture concept 

design stage and the furniture S.PSS communication stages, the tool can be used for 

sustainability comparison of S.PSS concept with reference furniture PSS. 
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Figure 97 The Environmental improvement Checklist (SDOxFurniture toolkit) integration into the design 

process 

8.3.5 Radar diagram (SDOxFurniture toolkit) 

Aim 

• The radar diagram aims to visualize the potential improvement of the furniture S.PSS 

concept over the existing furniture system; 

• to recap the promising ideas in terms of each strategy for the new concept; 

• to record the level of priorities for each strategy. 

Components 

1. A radar map to demonstrate the potential improvement of the new system concept 

over the existing system for each of the six strategies being evaluated; 

2. A frame for each strategy to outline and summarize the most promising ideas for the 

new concept; 

3. Text to remind of the priority level and potential improvement for each strategy. 



 

299 

 
Figure 98 The components for the Radar diagram (SDOxFurniture toolkit) 

How to use the tool 

1. Access the tool by clicking ‘Radar’ on the home page; 

2. After using the tool ‘Environmental Analysis Checklist’, existing system priorities 

(for each strategy) and the potential improvements of the concept in relation to the 

initial system (for each strategy) will be automatically visible on their respective 

buttons; 

3. The potential improvements of the concept in relation to the initial system (for each 

strategy) will be visually represented on the radar map; 

4. each strategy’s priority for the existing system is automatically shown on the arrow 

based on the result of the ‘environmental analysis checklist’; 

5. Summarize the promising ideas that led to the improvements in the text boxes. 
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Figure 99 The steps for using the Radar diagram (SDOxFurniture toolkit) 

Tool’s integration into the method for sustainable furniture S.PSS design 

The tool can be integrated into the ‘Furniture S.PSS concept design’ stage of the 

design process to ‘select S.PSS ideas’ and ‘visualize the sustainability improvement of S.PSS 

concept/s in comparison with reference furniture PSS’; can be integrated into the ‘Furniture 

S.PSS communication’ stage, to visualize the sustainability improvement of the final concept. 
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Figure 100 The Radar diagram (SDOxFurniture toolkit) integration into the design process 

8.3.6 Innovation DiagramxFurniture 

Aim 

The objective of the tool is to position and characterize the existing furniture system 

as well as competitors’ offers; additionally, it is used to identify and select promising 

sustainable ideas for the furniture system. Ultimately, the tool is designed to facilitate the 

development of a new concept profile. 

Components 

1. A home page with navigation and tutorial; 

2. Polarity diagrams (for new concept design, existing offer/competitor analysis); 

3. Characterization of the offer/system with 7 key elements; 

4. Repository of labels for 7 key elements; 
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5. A concept description form. 

 

Figure 101 The components for the Innovation DiagramxFurniture 

How to use the tool – analyzing existing offers and/or competitors’ offers 

1. Open the tool and access the “existing offer” board; 

2. Build the “provider” icon for the existing furniture S.PSS offers. Click the link on 

“PROVIDER” to access the repository for the provider. Build the provider by 

choosing the right representative for the structure icon, characterization icon, and 

furniture product icon. Write down the provider’s name and a descriptive text on the 

right of the icon. 

3. Next, paste the whole “provider” label on the ‘existing offer’ polarity diagram in the 

correct position considering the two polarities and paste the icon on the 

characterization table on the right-hand side. 

Characterize the existing offer by specifying all the following elements: 

4. Type of customer/s. Click the link on the “CUSTOMER” to access the repository for 

the customer. Build the customer by choosing the right representative for the structure 

icon, characterization icon, and furniture product icon. Write down the provider’s 

name and type it on the right of the icon; 

5. Type of PSS and customer type. Select the S.PSS type of the existing offer (if any): 

PRODUCT-ORIENTED, CARE-ORIENTED, RESULT-ORIENTED, and paste it in 

the S.PSS type section. Remember that not all offers are already S.PSS. At the same 
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time, select the right business type (B2B or B2C). Paste the whole label on the 

existing offer_type of S.PSS. 

6. Offered products and owner. Select the offered product icons and paste them into the 

products section. Select who retains the product OWNERSHIP (provider or customer) 

and place the built label in the product owner section. 

7. Offered services and providers. Select the offered service icons and paste them into 

the service section. Select who provides the service and paste the icon in the service 

provider section. 

8. What is paid. Select the icon describing what is paid by the customer/s and place the 

label in the payment section. 

9. Offer configuration. Select the Distributed economy type icon of the offer and paste it 

into the Distributed economy type space. Select its structure icon and place it in the 

section. 

10. To comprehensively assess the context, it is essential to analyze the existing offer as 

well as the competitors' offers. This can be achieved by employing a similar process 

for the existing offer characterization, working on the "Competitors" polarity diagram. 
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Figure 102 The steps for using the Innovation DiagramxFurniture_ analyzing existing offers and/or competitors’ 

offers 

How to use the tool – concept design 

The Innovation DiagramxFurniture S.PSS tool can be effectively used for concept 

design when combined with other tools such as Idea Boards (SDOxFurniture toolkit). The 

following steps can be taken to utilize the tool for concept design: 

1. Access the concept page by clicking “concept”; 

2. Fille in the satisfaction unit for the project and proposer of the project; 

3. Select and position promising ideas designed with Idea Boards (SDOxfurniture toolkit 

or from other tools) on the ‘concept’ page; 

4. Generate new ideas by spotting the empty areas in the diagram; 

5. Identify and cluster ideas that can be combined to draft the system concept and Draft 

the preliminary system concept by writing a brief text of a maximum of 200 

characters; 

6. Profile the furniture S.PSS draft concept in its offer (provider, customer, etc.) by 

copying and pasting characterizing icons from the offer label. 

7. Profile the furniture S.PSS draft concept with the concept description form. 
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Figure 103 The steps for using the Innovation DiagramxFurniture_for concept design 

Tool’s integration into the method for sustainable furniture S.PSS design 

The tool can be integrated into the ‘Furniture S.PSS strategic analysis’ stage to 

‘analysis existing offer, sustainable best practice’; integrated into the ‘Furniture S.PSS 

concept design’ stage to ‘generate sustainability-oriented ideas for PSS’, ‘ select S.PSS ideas, 

and ‘design S.PSS concepts’. 
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Figure 104 The Innovation DiagramxFurniture integration into the design process 

8.3.7 System MapxFurniture S.PSS 

Aim 

The purpose of the System map is to support the co-design, visualization, and 

configuration of the system structure, indicating the actors involved and their interactions in 

the system. 

Components 

The System map is a graphical representation of: 

1. A home page with navigation and tutorial. A system map building board; 

2. Stakeholder maker with Repository of providers, consumers, furniture products 

and characterization, and tutorial; 
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3. Flow makers with a repository of interaction legend (physical, financial, 

informational, and labor performance), payment, furniture products, services, 

ownership and partnership, and tutorial 

 
Figure 105 The components for the System MapxFurniture S.PSS 

How to use the tool 

The System Map enables comprehensive visualization of the system structure. On the 

system map building page, the boundaries are set up, including an offer boundary where the 

main stakeholders must be positioned and a system boundary for the secondary ones.  

1. Enter the STAKEHOLDER ICONS REPOSITORY through the homepage; 

2. The first step is to work on the STAKEHOLDER ICONS REPOSITORY to build all 

stakeholders involved in the system. With the “Icon maker”, users can build the 

provider by choosing the right representative for the structure icon, characterization 

icon, and furniture product icon. Write down the provider’s name and a descriptive 

text on the right of the icon. Save the stakeholder's labels in the “my icons” until 

finishing. And paste them on the system map board. 

Another element that distinguishes stakeholders is the color: dark violet is 

used for providers, while magenta is used for customers.  
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3. Later, define interaction flows on the “INTERACTION FLOW & ICONS 

REPOSITORY”, using arrows, descriptions, and icons on the board. Interaction flows 

can be material flow, information flow, financial flow, and labor flow. Remember that 

the numbering of interaction flows follows the order of activities happening. Within 

Flow Maker, to create interaction flows, click the flow and change the linear based on 

the type of flow. Then, click interaction characterization icons and replace them with 

the proper ones. Copy the Flow to either “my flows” or to the system map. 

4. Finally, use dashed squares to indicate ownership of a system or a furniture product 

and squares around actors to indicate partnership. Both dashed squares and squares 

are available at the bottom of the system map. 
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Figure 106 The steps for using the System MapxFurniture S.PSS 

Tool’s integration into the method for sustainable furniture S.PSS design 

Strategic analysis of existing furniture PSS offer/sustainable best practice can be used 

to visualize stakeholders’ interactions within the existing (reference) offer. 

Concept Design can be used to visualize stakeholders’ interactions within the concept. 

Detailed design can be used to further detail and visualize stakeholders’ interactions 

within the detailed concept. 
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Figure 107 The System MapxFurniture S.PSS integration into the design process 

8.3.8 Furniture S.PSSD tools availability 

All tools described before for the development of furniture S.PSSD, including the 

SDOxFurniture toolkit, which encompasses all the tools outlined above are accessible 

through open access and open-source in the form of either spreadsheet, available to download 

for free at LeNS Lab polimi 28 / Learning resources / Furniture system design for 

sustainability tools. Indeed, these tools are resources to spread, implement, and improve the 

practice of furniture S.PSSD, e.g., by introducing strategies and guidelines related to 

furniture-specific domains. A video presentation is linked to the source of the tool. 

 

 
28 https:  www.lenslab.polimi.it  
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8.4 Who are these design tools for? 

The method and tools aim to support potential furniture researchers, teachers, 

students, designers, design studios, furniture companies, NGOs, or interested organizations in 

the practical application of environmentally sustainable furniture system design, which 

includes designing a combination of furniture products and furniture Sustainable Product-

Service Systems. 

For designers who are working on sustainable furniture system design projects, 

whether they are designing furniture products or S.PSS, the method and tools provide 

guidance and support throughout the entire design process, from strategic analysis to 

communication, and can be integrated into the general design process to enhance 

sustainability. 

For education purposes, the method and tools can guide students in their design 

exercise. Firstly, these approaches can help students understand the sustainable furniture 

product/S.PSS development process. Second, the knowledge and cases integrated with these 

tools can help students gain a deeper understanding of sustainable furniture products/S.PSS. 

This study thoroughly documents each tool's objectives, components, and instructions 

on how to use these tools, as well as how they can be integrated into the general furniture 

design process. The ultimate aim is to provide researchers, designers, and students with 

organized and efficient guidance on how to design sustainable furniture products and S.PSS. 
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Chapter 9 Sustainable furniture system design tools 

iterative evaluation/improvement 

9.1 Introduction 

Chapter 8 described the tools developed for environmentally sustainable furniture 

product Life Cycle Design and Product-Service System design by integrating the knowledge 

base developed in the preliminary research stage. This chapter describes the process of tool 

testing/evaluation and refinement. 

9.1.1 Sampling 

The strategy adopted was purposive sampling, in which participants were chosen and 

invited because they are the final users or have the experience as final users. Purposive 

samples are used when particular people, events, or settings are chosen because they are 

known to provide important information that could not be gained from other sampling 

designs (Maxwell, 2008). 

All developed tools/toolkits (ICSxFurniture toolkit, SDOxFurniture toolkit, 

Innovation DiagramxFurniture S.PSS, Concept SheetxFurniture S.PSS, and System 

MapxFurniture S.PSS) underwent an iterative process of testing and refinement (see Figure 

108) involving 70 furniture designers and experts in furniture design and/or design for 

sustainability. The ICSxFurniture tool was developed and first tested within the GIOTTO 

project. Then, a workshop involving 30 furniture designers within a course on “design for 

sustainable furniture” offered by a specializing master by the POLI Design (Politecnico Di 

Milano) was conducted in February 2022. Subsequently, after updating and refining, these 
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tools were evaluated by 40 participants, including furniture designers from design studio, 

experts, researchers, and professors from LeNS Network, to get further insights to improve 

them. This was an iterative process with 4 rounds of evaluation, including an interview with 

furniture designers, a post-doc, and a teacher with a background in furniture design; 

interviews with experts on design for sustainability from LeNS Network; a focus group 

within the DESIS China_Hunan University; and an online questionnaire sent to LeNS 

members. 

Specifically, the ICSxfurniture toolkit underwent 6 rounds of iteration and a final 

evaluation; the SDOxFurniture toolkit, innovation diagramxFurniture underwent 4 rounds of 

iteration and a final evaluation. Concept SheetxFurniture underwent 3 rounds of iteration, see 

Figure 108. 

9.1.2 Aim 

Within all these activities, the study considers it necessary to evaluate 3 aspects of 

toolkits or tools. The first one is the application/usability evaluation which aims to identify 

whether the support can be used for the task for which it is intended and whether it does 

address the factors that are directly influenced in the way they are supposed to be addressed, 

i.e., the focus is on usability and applicability (Blessing & Chakrabarti, 2009). In this study, 

the iterative and evaluation try to identify whether the users can use them smoothly. 

The second type of evaluation is the Success/usefulness Evaluation, which aims to 

identify whether the support has the expected impact, taking into account that unexpected 

side effects may occur. The focus is on usefulness (Blessing & Chakrabarti, 2009). In this 

study, the iteration and evaluation activities try to investigate whether these tools help to 

reduce the environmental impact of furniture systems. 
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The third one is the comprehensibility evaluation which aims to identify whether the 

support is easily understandable, considering that some knowledge is integrated. In this study, 

the iteration and evaluation activities try to investigate whether these tools and integrated 

knowledge are easily understandable. The following sections introduce in detail the iterative 

evaluation and refinement process. 
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Figure 108 The iteration and evaluation process of all tools 
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9.2 Evaluation within the GIOTTO Project 

After 6 rounds of internal (LeNSlab Polimi members) checks and improvement, the 

first evaluation was conducted within the GIOTTO project. The ICSxFurniture toolkit was 

sent to all project partners for feedback and comments. 

9.2.1 Sampling 

The GIOTTO partners including: 1) COSMOB: Centro Tecnologico 

specializzato per il settore legno – arredo, 2) Cluster Arredo: Società consortile preposta allo 

sviluppo del Cluster di iferimento del Friuli Venezia Giulia, con l'obiettivo di 

fornire servizi alle aziende del comparto e, in qualità di Polo di innovazione. 3) UNIVERITA' 

DI CAMERINO (UNICAM): L'Unità di Disegno Industriale della Scuola di Architettura 

e Design UNICAM. 

Results  

For comprehensibility, partners suggested that the tool integrated rich knowledge and 

know-how. This is good for disseminating knowledge, but it is difficult for users to 

understand this knowledge.  

For usability, the toolkit was developed with Excel. The benefit is that the application 

supports calculations. However, the use of objects in Excel is not quite user-friendly because 

the visualization changes from Windows computer to Apple Mac, which makes the tool hard 

to use. The navigation among eco-idea boards and checklists is not clearly indicated. 

The partners gave insights into the toolkit: 10 new cases were integrated into the 

toolkit, which is beneficial for idea generation. 
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Design considerations 

To improve comprehensibility, a tool guide (PPT version) was made to introduce in 

detail the toolkit and tools inside, including each tool’s aim, function, use steps, and 

integration into the design process. To avoid the visualization change, I avoided the use of 

objects in Excel and typed information inside cells. The navigation bar was updated to clearly 

indicate the navigation among them. 

9.3 Iterative testing and refinement with furniture designers 

and experts  

Firstly, a workshop involving furniture designers within a course on “design for 

sustainable furniture” offered by a specializing master by the POLI Design (Politecnico Di 

Milano) was conducted in February 2022. Subsequently, after updating and refining, these 

tools were evaluated by 40 participants, including furniture designers from design studio, 

experts, researchers, and professors from LeNS Network to get further insights to improve 

them. This was an iterative process with 4 rounds of evaluation, including interviews with 

furniture designers, post-doc and teachers with the background of furniture design; interviews 

with experts on design for sustainability from LeNS Network; a focus group within the 

DESIS China_Hunan University; and an online questionnaire sent to LeNS members. 

9.3.1 Workshop within a specializing master– ICSxFurniture toolkit 

The ICSxFurniture toolkit_1 was then empirically tested with 30 international 

furniture designers, i.e., graduated persons attending a specializing master of “Furniture 

Design” offered by POLI Design (Politecnico Di Milano). This tool testing was carried out 

within the course “sustainable furniture design”, organized in February 2022. The course 
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included theoretical sessions and practical activities about sustainable furniture products and 

Product-service system design. The focus of the course was on designing sustainable 

furniture systems applying furniture LCD and S.PSSD approaches. After an introduction to 

the concepts of LCD and S.PSSD, designers were given a brief to design a sustainable 

workstation for home working and then a sustainable furniture Product-service system to 

deliver the workstation to final users. The workshop aimed at applying the tool from a 

Usability and Comprehensibility point of view and at assessing its Success/Usefulness as 

design support. This section describes the activities undertaken by designers and summarizes 

the feedback collected, which was then considered for the tool’s further development.   

9.3.1.1 Description of Activities 

Furniture designers were first introduced to relevant knowledge on sustainable 

furniture LCD and S.PSSD and the ICSxFurniture toolkit. In the second phase, students were 

asked to use the ICSxFurniture toolkit to design a new workstation for home working within 

3 days. 

On the first day, I introduced the strategic analysis results of the existing workstation 

and gave students the LCD strategies priorities to be followed as one result of the checklist 

for existing furniture evaluation. Then, they were asked to use the ECO-idea boards to 

generate as many promising new design ideas as possible, see table below and Figure 109. In 

the next step, these young furniture designers were asked to discuss their ideas and, choose 

the most promising ones and put them on the radar map next to the relevant design strategies, 

see Figure 110. 

Table 40 New ideas generated by furniture designers in the workshop 

group Result of using the ECO-idea boards 

1 32 new ideas 

2 16 new ideas 

3 20 new ideas 
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4 18 new ideas 

 

Figure 109 The new ideas generated during the workshop using the Eco-idea tool 

 

Figure 110 The most promising ideas chosen by users during the workshop using the radar map tool 

On the second day, these designers designed new concepts based on the promising 

ideas generated and clustered on the first day. It is free to use sketches or 3D modeling 

software to show their concepts. Then, each group presented their concepts in terms of an 

overview presentation, images, and sustainable design characteristics. From the presentation, 

even though not all work is finalized due to limited time, all groups have grasped and worked 

on some key points of furniture LCD. 
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Figure 111 The concept of Group 1.  

Note: The concept is characterized by a universal joint that supports easy assembling and disassembling for 

repair and upgrade. By integrating a QR code, transparent information like the source of materials and the 

recycling method are displayed. 

 

Figure 112 The concept of group 4.  

Note: The concept is characterized by reduced material content and simplified structure. 
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9.3.1.2 Evaluation results  

At the end of the exercise, these young designers were given questionnaires to rate the 

comprehensibility, usability, and success of the ICSxFurniture toolkit with 5 tools. The 

qualitative data collected is presented in Table 41, while the qualitative responses are 

discussed below. 

Table 41 Questionnaires' results from the workshop at Poli Design 

rating: 1= very unsatisfied; 2=unsatisfied; 3= moderately satisfied; 4=satisfied; 5= very satisfied 

tool 1 2 3 4 5 4+5 

Comprehensibility: Do you clearly understand the aim of the tool? 

eco-idea boards 0% 0% 27% 40% 33% 73% 

multi-strategy radar 13% 7% 7% 53% 20% 73% 

checklist for existing furniture evaluation 0% 13% 13% 20% 53% 73% 

ESPI form 7% 7% 20% 27% 40% 67% 

checklist for LCD strategies pursuit evaluation 0% 7% 27% 27% 40% 67% 

Usability: is it easy to understand how to use the tool 

eco-idea boards 0% 0% 27% 27% 47% 73% 

multi-strategy radar 0% 7% 20% 33% 40% 73% 

checklist for existing furniture evaluation 0% 0% 27% 27% 47% 73% 

ESPI form 0% 7% 27% 27% 40% 67% 

checklist for LCD strategies pursuit evaluation 0% 0% 33% 60% 7% 67% 

Success/Usefulness: do you think the tool is helpful to achieve its aim? 

eco-idea boards 0% 13% 7% 20% 60% 80% 

multi-strategy radar 0% 7% 33% 47% 13% 60% 

checklist for existing furniture evaluation 0% 13% 53% 20% 13% 33% 

ESPI form 0% 0% 21% 43% 36% 79% 

checklist for LCD strategies pursuit evaluation 0% 0% 27% 53% 20% 73% 

 

Regarding comprehensibility, most participants (67% -73%) rated as very 

comprehensible or completely comprehensible with the toolkit. 

About the usability, most participants (67% -73%) rated as more than very satisfied 

with the toolkit. Some participants agree that Excel is the most appropriate platform to 

develop and achieve the aims of the toolkit, while others suggested the possibility of using 

other platforms to develop the toolkit, such as an application, Miro, website, and even 
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printable versions. These comments reflect the necessity of easier use and organization, co-

working requirements, and better visualization. In addition to this, the navigation between 

different tools might be confusing. To better understand how to use the tool, some users 

suggest a description of how to use the tool on each tool’s page.  

Most participants highly rated the success of the toolkit, with 80% being more than 

very satisfied with the eco-idea boards. This can also be confirmed by the richness of the new 

ideas generated after using the tool. 60% rated more than very useful with the multi-strategy 

radar, 79% with the ESPI form, and 73% with the checklist for LCD strategies pursuit 

evaluation.  

However, only 33% rated more than very successful with the checklist for existing 

furniture evaluation. The tool is used to define the furniture LCD strategies priorities by 

making a qualitative evaluation of the environmental problems and improvement potential of 

the existing furniture. The main consideration is there is not existing furniture to be evaluated 

but a new design to be developed. In this case, it is impossible for the users to define design 

priorities by evaluating the environmental problems of the existing furniture. 

As a general comment, 93.3% of students would like to use Eco-idea boards in future 

projects, 66.7% of students would like to use the Checklist for Existing furniture Evaluation, 

53.3% would like to use the Checklist for Furniture LCD Strategies Pursuit Evaluation, 40% 

would like to use ESPI form and Radar. 

9.3.1.3 Design considerations 

The workshop provided important insights into the ICSxFurniture toolkit’s 

applications and design features. Drawing conclusions from the feedback collected, it can be 

stated that the tool required some improvements from the function point of view to improve 
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its usability and comprehensibility. Some efforts have been made to address the following 

aspects:  

• A tool guide video presentation has been made for users to understand the function of 

each tool and how to use each tool.  

• Since the eco-idea boards and the checklist for existing furniture evaluation contain 

different pages, I redeveloped the title for better navigation to avoid missing some 

strategies. 

• Color differentiation was used to guide the operation of tools. 

9.3.2 Interviews and Focus group with furniture designers and experts  

After the workshop within the specializing master, all toolkits/tools were evaluated by 

participants, including furniture designers from design studios, experts, researchers, and 

professors from LeNS Network, to get further insights for improvement. This was an iterative 

process with 4 rounds of evaluation, including an interview with furniture designers, Post-

docs, and teachers with a background in furniture design; interviews with experts from LeNS 

Network; a focus group in DESIS China_Hunan University. All 19 designers and experts in 

furniture design and/or design for sustainability gave feedback to improve the tool till the 

final version presented in this thesis. 

9.3.2.1 Sampling 

As said, a total of 19 experts were involved in the iterative evaluations, including: 

• A furniture designer from SMOOTH studio (the comments were coded and referred to 

as 3D*29); 

 
29 The first number refers to the round of evaluation, the letter refers to the role of participants within that round, and the 

last number refers to the sequence of the comments. For example, 3D1 refers to the third-round evaluation (3) with 

designers (D) and the first (1) comment made by the designer.  Ex refers to Experts in the field of design for sustainability, F 

refers to furniture designers, D refers to designers. 
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• A postdoc researcher with furniture design experience from Shanghai Jiaotong 

University (3D*); 

• A furniture design teacher from Zhengzhou University of Light Industry (3D*); 

• 4 experts belonging to the LeNS network were involved in the study, including a 

professor and three researchers in the field of design for sustainability and/or furniture 

design (5Ex*, 7Ex*); 

• A professor and 11 researchers in the field of design for sustainability and with 

experience in furniture design from DESIS China_Hunan University (6F*). 

9.3.2.2 Description of process 

 

Figure 113 The process of the interviews 

Within each evaluation activity, the PhD candidate acted as the facilitator. Before 

each evaluation activity, the facilitator sends participants an evaluation form and all tools to 

be evaluated during the interview/focus group. The evaluation started with a background 

presentation of the aim, the materials used for the interview, the essential knowledge 

integrated into these tools or toolkits, each tool’s aim and function, and its integration into the 

design process. The presentation lasted 10 minutes.  

Then, the facilitator presented the toolkits and tools to be discussed and evaluated for 

their aim, function, composition, use process, and integration into the design process. After 

each introduction, the facilitator facilitates the application with a project of designing a 
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furniture product (a sofa with the ICSxFurniture toolkit) and, subsequently, a product-service 

system (the sofa’s S.PSS with the SDOxFurniture toolkit, innovation diagramxFurniture 

S.PSS), discussion of these toolkits and the tool with the participants. Each interview/focus 

group lasts around 4 hours. See the process of the interview in Figure 113. 

The discussion and evaluation focus also on the Comprehensibility, Usability, and 

Success/Usefulness of each tool or toolkit. 

9.3.2.3 Iterative evaluation results and design considerations 

ICSxFurniture toolkit 

Most designers/experts considered the toolkits and integrated tools to be successful in 

terms of achieving the aims. The overall experience of using is good (7Ex9). Some 

participants indicated that “the tools are inspirative, give many new opportunities, and would 

like to use it in future projects (3D3)”. The logic of tools application steps and sequences is 

clear. The articulation between these tools is smooth (3D2). The toolkit is logical and expert 

for its aim (7Ex28).  

At the same time, they expressed some expectations for the toolkit. The development 

based on the Excel platform may not be as smooth as online platforms (7Ex9, 7Ex3, 7Ex4). 

Specifically, many people talked about collaboration functions (7Ex7, 7Ex6, 5Ex39, 6F17). 

However, although I have tried many platforms recommended by these designers, such as 

board mix, fabire, feishu, Tencent form (6F16), and Miro, and sought suggestions from 

computer programmers, there is not a platform that could support functions like formula 

calculation, table creation, collaboration and open access coding and updating which is now 

synthesized in the Excel. I hope in the near future, the collaboration function and drawing 

function of Excel will be improved, or the formula calculation function will be integrated into 
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Miro for further improvement of the existing toolkit. Specifically, for each tool, the 

suggestions and comments were coded, and the tool design was improved as follows. 

Homepage 

There is a homepage of the ICSxFurniture toolkit, which is used to navigate among 

different tools and necessary resources. One element is the ‘furniture-specific LCD 

strategies’, which are used to show the basic knowledge integrated with the toolkit. Some 

participants suggested simplifying the interface (5E7, 5E8). The participant also suggested 

“to cancel the LCD strategies, and change it to Learning resources, video class, etc. the basic 

knowledge about the tool for practical users (5Ex8).” 

For these suggestions, I deleted the elements and visualized the information about 

design strategies in each tool using pop-up notes. On the other hand, I added open-access 

learning resources (a tool guide video presentation, a handbook of sustainable furniture 

system design, and a strategic analysis of the furniture system is attached on the "guide" page 

(E17), see Figure 114. 

 

Figure 114 The updated “guide” page 
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Checklist for existing furniture evaluation:  

There is a sequence of using these tools. Some participants expressed difficulties in 

using the first tool to define design strategies and priorities by defining the environmental 

problems of existing furniture (system). Some participants considered it difficult to define 

each strategy’s priority by answering the environmental impact of existing furniture (6F2, 

7Ex20, 3D10). Some people suggested simplifying the evaluation process, such as by 

“selecting ‘yes’ or ‘no’, and defining the priorities automatically based on the numbers of 

‘yes’ or ‘no’” (4D7, 3D11) by providing fixed priority for some categories (6F3), provide 

some general information (5Ex9). The steps of using the tool are not clear enough. Some 

participants expressed this by saying, “It may take me some time to understand where to start 

(despite its clear objectives)” (4D9). Some participants even found a technical bug in the 

priority’s definition and the subsequent step of idea generation, which indicated the 

understanding of the toolkit (4D8). Some participants consider it necessary to highlight the 

drop-down list to inform the function/operation (7Ex18). 

For these issues, I first made a technical check and debug of the priority definition. I 

added a pop-up note on the logic of questions with design strategies priorities definition (D6). 

I added indications on the steps to be followed (D5). I added a translation to indicate the 

drop-down list for users to choose from (Q1). See Figure 115. 
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Figure 115 The improvements of the ‘checklist for existing furniture evaluation’ made after the interview. 

 

ECO-IDEA boards 

For the ECO-idea board, 154 furniture-specific LCD guidelines were developed and 

integrated into the tool for promising idea inspiration. In this study and within this tool, 

design guidelines are specific, detailed, and actionable principles for generating ideas during 

the design process. Different opinions appear on the integration of so many guidelines. Some 

participants appreciate the integration of these guidelines and stated, “eco-ideas boards are 

very helpful for inspiration and useful to generate ideas“(3D16),  while others believe these 

guidelines may be a frame and limit designers’ thoughts, which is not helpful for innovation 

(4D13). Another issue is the navigation among strategies is clear, while the navigation from 

one sub-strategy to another is not. This may cause the lack of some sub-strategies 

inspirations. This is expressed as “the meaning of ‘1/4 >’ is confusing” (3D15). The last issue 

was about the process of choosing the most promising design ideas from the eco-idea board 

and visualizing them on the radar map next to the relevant strategy. Some participants 
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considered the process too complex. The ECO-idea board integrates furniture-specific LCD 

guidelines, which is helpful in facilitating promising ideas generation. However, too much 

information hinders the visualization of knowledge. Some participants suggested optimizing 

the visualization of guidelines (5E26, 5Ex32, 5Ex4, 7Ex16, 7Ex11, 7Ex13, 7Ex12, 6F4). 

Some participants suggested keeping the possibility of using the tool offline (5E40, 5E41). 

The ECO-idea boards show the design priority for each strategy by inserting a ‘HIGH’, 

‘LOW, ‘MIDDLE’, or ‘NONE’. Some participants confirmed the importance of this 

operation and suggested highlighting the information (5E02). It is suggested to paste all 

selected promising ideas on the radar map by the tool. However, some people believe there 

are too many steps and they are not necessary (3D29, 3D30, 3D31). Some have questions 

about how to select the most promising ideas (5Ex33, 5Ex5) and collect ideas (5Ex1). Some 

suggested having one example for each guideline (5Ex3) and suggested better visualizing the 

best case (6F5). Some suggested other platforms, such as Figma (6F8). Some still suggest the 

possibility of using sketches to express ideas (6F9) and collaboration (7Ex15). For the ECO-

idea boards, some design guidelines are equipped with best practices to further inspire the 

brainstorming process. Some participants thought the mark of EX was not clear enough 

(6F5).  

I consider comprehensive guidelines help designers brainstorm for the following 

reasons: 1) furniture LCD is not widespread among furniture designers, and most of them 

lack enough knowledge when proposing new ideas, which can also be confirmed in the semi-

structured interview (chapter 5.3.3). These furniture designers sometimes need these 

guidelines to open their minds to not only materials innovation, which is the most used 

method now, but also to many new possibilities such as life extension. 2) this tool focuses 

mainly on the environmental sustainability aspects and is a modular tool that is integrated 

into the sustainable concept design (ideas generation) phase. It is not the only tool that should 
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be used for all aspects of innovation, such as aesthetics. Designers could also use other tools 

for innovation in other aspects. 

This tool adopts three levels of design guidelines. The first level is ‘Design strategy’ 

which represents broad visions that guide the design directions. The second level is the 

‘design sub-strategy’ which is a more detailed design direction or an abstract of design 

instructions. The third level is ‘design guideline’, which is more specific, detailed, and 

actionable instructions for generating ideas during the design process. To make the 

hierarchical structure clear, I made the following improvements: 1) I replaced the ‘1/4’ title 

with the names of sub-strategies but emphasized the activated one with a dark brown color 

(D7); 2) I made a pop-up note to each level of design guideline and guide the next step when 

there are sub-strategies to be followed (D7). 

To deal with the visualization problem, I redesigned the layout of the page by 1) 

aligning guidelines to the left (E2), 2) increasing the line space (E3), and 3) changing the eco-

idea page set to A3 size so users could have a choice of using printable eco-idea, 4) 

highlighting the different level of priorities with different color and font size to guide the 

information (E5). The study used a star mark to highlight the cases (F2); at the same time, the 

title of the case would pop up if the user put their mouse on the icon (F3). I added a 

navigation icon to the radar to reduce the steps of pasting promising ideas (D8). See Figure 

116 for the update. 
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Figure 116 The improvements made for the ‘ECO-idea boards’ after the interview 

Concept improvement/LCD strategies pursuit evaluation 

This tool has three levels of detail: specifically simplified, which compares the 

concept with existing furniture on the LCD strategy level; normal, which compares the 

concept with existing furniture on the LCD sub-strategy level; and deep, which evaluates the 

pursuit of LCD on the guideline level. Participants appreciate the choice of different levels of 

innovation (5Ex7). However, some participants thought it would be good to tell the 

differences between these three choices (5E37). 

The normal level was thought to be quite clear and easy to use. However, some 

participants have some questions about the simple level and deep level evaluation. For the 

simple level evaluation, some participants considered it confusing to show both strategies and 

sub-strategies but made the evaluation only on the strategy level (3D17). It is suggested to 

‘hide these sub-strategies and explain strategies with a short paragraph of words’ 

(3D17,3D18, 3D19).  
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For the deep-level evaluation, the method of choosing answers (by inputting ‘1’ under 

the right answer) is not user-friendly. Some participants suggested using a drop-down list 

instead of inputting ‘1’ (3D22). It is suggested to visualize the result after evaluation (3D25). 

To deal with these issues, I first made the following improvements: E7) used pop-up 

notes to indicate the differences among these three levels of detail and the approximate time 

for the tool. For the simplified version, I explained strategies with a short paragraph of words 

(D9). For the answers to each question, some participants were confused by the choices of 

‘no’ and ‘not applicable’. For the detailed version, I technologically improved the way of 

making choices using a check box rather than input ‘1’. About the confusion of ‘no’ and ‘not 

appliable’, I give a pop-up box for all choices and their meaning. For each detail level, I put a 

link to the radar for faster visualization of the result. 
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Figure 117 The improvements made to the ‘checklist for the pursuit of furniture LCD strategies_simplified’ 

after the interview 

 

Figure 118 The improvements made to the ‘checklist for the pursuit of furniture LCD strategies_deep’ after the 

interview 
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Radar map 

The radar map can be used to show the priority of each LCD strategy, and each 

strategy can be linked to the ECO-idea board for design iteration. For these functions, some 

participants proposed that the visualization of priority is not quite clear (6F11), and the 

hyperlink function from radar to eco-idea boards is not visible (6F12, 3D26), as well as the 

hyperlink to each checklist for new concept evaluation is not visible (3D27). 

Some participants thought the guide was not clear enough. Firstly, the tool could be 

used to visualize the improvement of a new concept in comparison to the existing one. For 

this function, some participants suggested emphasizing the comparison by instructing the 

existing concept and the new concept (5E10). Another participant suggested giving 

instructions on the existing furniture (5E38). The instructions for improvement levels were 

not clear enough (5E24, 7Ex21, 7Ex22). The radar map could be used to visualize three 

levels of comparison (simplified, standard, and detailed). One participant suggested the 

‘choose level” should be emphasized (5E25). Finally, the radar can be used to visualize the 

most promising ideas generated from the tool_ECO idea boards, so the radar is linked to each 

board by clicking the name of the strategies. For this function, one participant suggested 

visualizing the navigation function (5E35).  

For the radar map, the navigation among tools to support a smooth design process is 

not that convenient. To deal with this, the tool added hyperlinks to each ECO-idea board and 

to each checklist for the pursuit of furniture LCD strategies. In addition, some notes to 

explain in detail all elements were added. See all improvements in Figure 119. 

To deal with these issues, I made the following improvements: E8) I added a hexagon 

in orange color to represent the existing furniture for easier comparison; E9) the circle that 

one the no improvement level is thicker than others; E10) to make the guide of different 

levels of improvement clearer, each circle that represents different levels of improvement are 
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filled with colors, the more improvements (radical improvement), the lighter colors (the less 

environmental impact); E11) the font of ‘choosing level’ is enlarged; E12) a graphical arrow 

is inserted in the test of each LCD strategy to indicate it is linked to the ECO-idea boards.  

 

Figure 119 The improvements made to the ‘RADAR map’ after the interview 

SDOxFurniture toolkit 

The SDOxFurniture toolkit has a similar structure and design logic to the 

ICSxFurniture toolkit. The main difference lies in the knowledge integrated. The 

aforementioned comprehensibility and usability issues on the ICSxFurniture toolkit were all 

checked and improved for the SDOxFurniture toolkit. Besides, considering integrated 

knowledge, some participants suggested new cases for some guidelines. For example, the 

IKEA secondhand furniture selling case is linked to the guideline_ Offer infrastructures (e.g., 

collection points, furniture refurbishing points) or platforms (e.g., an online marketplace of 

used furniture) and services for furniture reuse and/or second-hand selling (4D14). 
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SDOxFurniture toolkit 

Project record 

The first step is to record the basic information of a system using the project record. 

To fill this form, some background knowledge should be communicated, such as the 

definition of satisfaction unit and how to describe a system. One participant suggested giving 

some examples or a taxonomy of the satisfaction unit (5Ex12). To make it clear, I give a 

definition of a satisfaction unit and some key elements to be included to define a system’s 

satisfaction unit (E13). In addition, key elements of a system are presented to support the 

description of the existing system (E14). 

 

Figure 120 The improvements made to the ‘Project record’ after the interview 

Environmental analysis checklist 

The tool is used to analyze the environmental impact of the current (reference) 

furniture system to prioritize furniture S.PSS design strategies and to analyze the 

environmental impact of the new furniture concept and compare it with the existing furniture 

system. It integrates two functions and can be used in two design processes. The circulation 

process is not quite clear, according to a participant (5E45). To make the design process more 
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fluent, I redesigned the tool and separated the tool into two, one for priority definition and 

one for improvement evaluation. At the same time, by using the formula function, the 

environmental impact of existing furniture is automatically transferred to the second tool for 

easy comparison (E15). 

 

Figure 121 The improvements made to the ‘Environmental analysis checklist’ after the interview 

IDEA boards 

This tool has the same structure as the ECO-idea board (ICSxFurniture toolkit). The 

tool aims to foster the generation of furniture S.PSSD ideas. Participants think this is clearer 

than the ECO-idea boards (5E45). One reason is that the line space is larger, and the font is 

bolder. These good practices were adopted for the ECO-idea boards. Some guidelines are 

lined with examples for deeper understanding. Participants repeatedly talked about the 

collaboration functions and the voting process for the best ideas (5Ex15, 6F19, 7Ex39). The 

integration of cases makes the tool heavy, and the layout and navigation are not clear (5E14). 
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To address these challenges, the optimal cases were initially transferred to the Miro 

board for accessibility (E16). Regarding collaboration functions, various platforms were 

explored, but none supported formulae, calculations, collaboration, or voting functions. 

Addressing these functionalities remains a consideration for future work. 

Innovation DiagramxFurniture S.PSS, System MapxFurniture S.PSS, and Concept 

SheetxFurniture S.PSS 

The tool can be used to identify and select promising sustainable furniture system 

ideas (which can be generated from the IDEA board) and design new concepts. Since the 

functions of the IDEA board and the innovation diagram are sequentially connected, and the 

current design and cognition are quite different, it is not helpful for easy use. Some 

participants suggested integrating the IDEA board with the innovation diagram (5E21, 5E22, 

5E41). In this case, the SDOxFuriture toolkit is used for environmental evaluation, and the 

IDEA board and the InnovationxDiagram Funiture would be used for ideas generation and 

concept design. 

Some participants considered it necessary to put steps for using the tool (5Ex29) and 

tutorials on how to use the tool (5Ex30). The Category axis is a new concept with little 

knowledge and explanation on them (6F20). It is recommended to give the definition of 

decentralized, distributed, and centralized (6F21, 7Ex28). It is also recommended to give a 

detailed introduction of different elements within a system, such as the offer configuration 

(7Ex25). The jumping from page to page is not user-friendly (7Ex29, 7Ex30). Also, 

participants suggested moving the tool to miro (7Ex26, 7Ex32, 7Ex33). 

These tools have been redeveloped on the Miro platform based on the old version by a 

master student supervised by the PhD candidate. All these mentioned issues are resolved. 
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All tools 

Considering the usability and success of these tools. Some participants showed 

interest in integrating these tools in the daily management activities in furniture design (It 

would be great to integrate these interesting and useful checklists into the software (daily 

management or quality control) for the users' convenience (4D5)). Some believe it would be 

simpler to integrate all tools into one (4D1, 5Ex44, 7Ex24, 7Ex1, 5E22, 5E41, 5Ex21). On 

the other hand, the collaboration function is mentioned repeatedly by users. In addition, users 

suggested clarifying the role of these tools in the design process, which gives a clearer logic 

of application. At the same time, this study would leave this work into future studies since, 

within this work, I would like to keep the modular structure of these tools, which means that 

designers could choose to work on the product part or the S.PSS part or even using only some 

of these tools. 

9.3.2.4 Future consideration 

Since design is a co-creation process, designers expressed expectations of the 

collaboration characteristics (5E39, 5E01). Considering the calculation and visualization 

functions integrated into the current toolkit, this function will be further explored in future 

studies.  

The last step of using the ECO-idea board (ICSxFurniture toolkit) and idea board 

(SDOxFurniture toolkit) is to choose the most promising ideas. Some participants suggested 

integrating a voting mechanism to select the most promising ideas (5E5, 5E33, 5E15). To 

optimize the voting mechanism, additional steps would be added, which, on the other hand, 

makes the process more complex. However, this could be resolved if the tool development 

platform could be changed to a co-working platform, like the MIRO. This will be further 

explored in future studies. Some participants suggested adding an example for each guideline 

(5E3), which is also an aim of this study. However, this study developed 154 guidelines. It is 
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a huge work to collect so many cases. This tool is developed as an open-access toolkit, and I 

have delivered the toolkit to all LeNS members so researchers and practitioners who are 

working on sustainable furniture system design could add new cases. In the future, I will also 

further develop this toolkit. 

9.3.3 Online questionnaire 

Simultaneously, online questionnaires were distributed to the LeNS Network 

members who were interested but not available to participate in the focus group or 

interviews. Each questionnaire included a video presentation of the tool and a link for 

downloading it freely. A total of 21 LeNS members responded to the questionnaire, providing 

highly positive feedback across both comprehensibility, usability, and usefulness/success for 

all of the tools. All members are from the field of Design for Sustainability, with cross-

disciplinary knowledge of Product-Service system design, product design, or furniture 

design. 

9.3.3.1 Questionnaire design 

These tools integrate a lot of knowledge not only on sustainable evaluation but also on 

sustainable design. They are complex tools that support the design of sustainable furniture 

systems. To make the evaluation process more fluent, I designed one questionnaire for each 

tool/toolkit. For each questionnaire, I put a link to the tool/toolkit for users to work on the 

tool/toolkit. In addition, a video presentation of the tool, including the aim, function, 

components, use steps, and integration into the design process, was detailed introduced. A 

short demo about how to use the tool in a project was given.  

For each tool/toolkit, there are three choice questions evaluation and three short 

answers questions. See below for the questionnaires. 
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• Questionnaire 1_ICSxFurniture toolkit evaluation: 

https://forms.gle/oKs7Lb4Ub5YZWLGC9 

• Questionnaire 2_SDOxFurniture toolkit evaluation: 

https://forms.gle/JgYRFVkfSkUHm2eF9 

• Questionnaire 3_Innovation diagram tool evaluation: 

https://forms.gle/ujVZ7sNaGpCVfPnA7 

9.3.3.2 Results  

ICSxFurniture toolkit 

Compared with the first round of evaluation (Table 41), all assessed 3 dimensions 

have seen satisfaction improvement for comprehensibility, usability, and success. For all 

three dimensions, success/usefulness has the highest rating, followed by usability and 

comprehensibility. 

Table 42 Questionnaire results from 21 LeNs members_ICSxFurniture toolkit 

rating: 1= very unsatisfied; 2=unsatisfied; 3= moderately satisfied; 4=satisfied; 5= very satisfied 

tool 1 2 3 4 5 4+5 

Comprehensibility: Are the ICSxFurniture toolkit (and integrated tools) easily understandable (for the 

function and aim)? 

Checklist for existing furniture evaluation 0% 0% 24% 62% 14% 76% 

ECO-Idea Board 0% 0% 24% 57% 19% 76% 

Checklist for furniture product LCD strategies pursuit 

evaluation 0% 0% 29% 52% 19% 
71% 

Multi-strategic Radar 5% 0% 24% 43% 29% 72% 

Usability: Are the ICSxFurniture toolkit (and integrated tools) easily used? 

Checklist for existing furniture evaluation 0% 0% 24% 48% 29% 76% 

ECO-Idea Board 0% 5% 24% 52% 19% 71% 

Checklist for furniture product LCD strategies pursuit 

evaluation 0% 5% 14% 52% 29% 
81% 

Multi-strategic Radar 0% 0% 10% 62% 29% 90% 

Success/Usefulness: To what extent do you think the ICSxFurniture toolkit is useful to fulfill its aims? 

Checklist for existing furniture evaluation 0% 0% 24% 38% 38% 76% 

ECO-Idea Board 0% 0% 24% 29% 48% 76% 

Checklist for furniture product LCD strategies pursuit 

evaluation 0% 0% 10% 57% 33% 
90% 

Multi-strategic Radar 0% 0% 14% 24% 62% 86% 

 

https://forms.gle/oKs7Lb4Ub5YZWLGC9
https://forms.gle/JgYRFVkfSkUHm2eF9
https://forms.gle/ujVZ7sNaGpCVfPnA7
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Regarding the four tools included in the ICSxFurniture toolkit, a majority of 

participants (ranging from 71% to 76%) found them to be easily comprehensible. Notably, 

the checklist for existing furniture evaluation and the eco-idea board received higher 

comprehensibility ratings compared to the other two tools. Specifically, the Checklist for 

existing furniture evaluation received a 76% rating, the ECO-Idea Board received 76%, the 

Checklist for furniture product LCD strategies pursuit evaluation received 71%, and the 

Multi-strategic Radar received 72%. 

However, when it comes to usability and effectiveness, the other two tools, namely 

the Checklist for furniture product LCD strategies pursuit evaluation and the Multi-strategic 

Radar, garnered higher ratings. The Multi-strategic Radar received an impressive 90% rating 

for ease of use (easy and very easy). The Checklist for furniture product LCD strategies 

pursuit evaluation achieved an 81% rating in this regard. Meanwhile, the ECO-Idea Board 

obtained a 71% usability rating, and the Checklist for existing furniture evaluation scored 

76%. It's worth noting that the ECO-Idea Board received the lowest usability rating, mainly 

due to concerns about its lack of collaborative features. 

In terms of perceived success and usefulness, the Checklist for furniture product LCD 

strategies pursuit evaluation received the highest satisfaction rating at 90% (satisfied and very 

satisfied), followed by the Multi-strategic Radar at 86%, the ECO-Idea Board at 76%, and the 

Checklist for existing furniture evaluation, also at 76%. 

This data collectively indicates that, despite initial comprehension challenges, users 

found it easier to use these tools and achieve their expected outcomes. Please refer to Table 

42 for a detailed summary of these findings. 

 

 



 

344 

SDOxFurniture toolkit 

In the assessment, the SDOxFurniture toolkit surpassed the ICSxFurniture toolkit 

across all three dimensions. Notably, all three tools within the SDOxFurniture toolkit exhibit 

higher ratings for both usability and success. When it comes to comprehensibility, each of the 

three tools achieves ratings between 75% and 80%. 

Table 43 Questionnaire results from 21 LeNs members_SDOxFurniture toolkit 

rating: 1= very unsatisfied; 2=unsatisfied; 3= moderately satisfied; 4=satisfied; 5= very satisfied 

tools 1 2 3 4 5 4+5 

Comprehensibility: Are the SDOxFurniture toolkit (and integrated tools) easily understandable (for the 

function and aim)? 

Environmental analysis checklist tool 0% 0% 25% 40% 35% 75% 

Idea boards 0% 0% 20% 45% 35% 80% 

Radar diagram 0% 0% 20% 40% 40% 80% 

Usability: Are the SDOxFurniture toolkit (and integrated tools) easily used? 

Environmental analysis checklist tool 0% 0% 15% 50% 35% 85% 

Idea boards 0% 0% 15% 60% 25% 85% 

Radar diagram 0% 0% 10% 65% 25% 90% 

Success/Usefulness: To what extent do you think the SDOxFurniture toolkit (and integrated tools) are 

helpful in fulfilling its aims? 

Environmental analysis checklist tool 0% 5% 5% 40% 50% 90% 

Idea boards 0% 5% 5% 55% 35% 90% 

Radar diagram 0% 5% 5% 40% 50% 90% 

 

In terms of usability, all the tools receive impressive ratings ranging from 85% to 

90%, signifying that they are easy or very easy to use. Furthermore, for success, all three 

tools receive a remarkable 90% rating in terms of satisfaction. 

Among these tools, the radar diagram consistently receives the highest evaluation, 

followed by the idea boards and the environmental analysis checklist. Please refer to Table 43 

for a detailed summary of these assessments. 
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Innovation diagram 

Table 44 Questionnaire results from 21 LeNs members_Innovation diagram 

rating: 1= very unsatisfied; 2=unsatisfied; 3= moderately satisfied; 4=satisfied; 5= very satisfied 

tool 1 2 3 4 5 4+5 

Comprehensibility: is the Innovation Diagram x Furniture tool easily understandable (for the function, 

aim)? 

Innovation diagram 0% 0% 14% 33% 52% 86% 

Usability: is the Innovation Diagram x Furniture tool easily used? 

Innovation diagram 0% 0% 14% 38% 48% 86% 

Success/Usefulness: To what extent do you think the Innovation Diagram x Furniture tool is helpful to 

fulfill its aims? 

Innovation diagram 0% 0% 5% 57% 38% 95% 

 

The Innovation diagram receives favorable evaluation results across all three 

dimensions. In terms of comprehensibility, 86% of participants found it to be easily and very 

easily understandable. Similarly, for usability, 86% of participants indicated that it was easy 

and very easy to use. Most notably, in terms of success, an overwhelming 95% of participants 

expressed satisfaction or very high satisfaction with the tool's outcomes. Please refer to Table 

44 for a detailed summary of these assessments. 

9.4 Conclusions  

Following several rounds of evaluation and subsequent refinements, these tools have 

reached their final versions. In comparison to the initial release, participants expressed 

significantly higher levels of satisfaction with the comprehensibility, usability, and 

effectiveness of these tools. 

However, it's important to note that not all feedback and suggestions received during 

the evaluation process were implemented. Firstly, some suggestions proved unattainable 

within the confines of the Excel platform, and certain evaluation functions couldn't be 
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replicated in alternative platforms. Future research endeavors will involve monitoring the 

potential integration of these features as related platforms undergo updates. 

Secondly, participants offered varying and sometimes contradictory suggestions. For 

instance, regarding the eco-idea boards, some participants believed that overly detailed 

guidelines hindered innovation, while others appreciated the comprehensive design 

guidelines for their capacity to stimulate creativity. The study aimed to provide 

comprehensive design guidelines and possibilities for sustainable innovation. Additionally, 

it's worth highlighting that the tools and toolkit developed in this research are modular, 

allowing users to seamlessly integrate them into their own design processes, even in the 

context of aesthetic innovation. 

Although with some limits, such as the lack of testing in furniture companies in real 

long-term projects, the testing activity tried to reach comprehensive results using a 

triangulation strategy by collecting information from a diverse range of individuals and 

groups (furniture designers, master students with the background of furniture design or 

Design for sustainability, teachers, researchers, and experts with the background of furniture 

design and/or Design for Sustainability), using a variety of methods (workshop, interview, 

focus group, questionnaire). This strategy reduces the risk of chance associations and 

systematic bias due to a specific method and allows a better assessment of the generality of 

the explanations that one develops (Maxwell, 2008). 
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Part IV Reflections 
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In the final stage, reflections were made, and the objectives, findings, and 

contributions to both theory and practice are synthesized in Chapter 9.1. Essentially, this 

research aims to establish a knowledge base, encompassing theoretical frameworks, 

approaches, guidelines, etc., and practical know-how, including methods, tools, etc., for 

Sustainable Furniture System Design. The primary focus is on Furniture Life Cycle Design 

(LCD) and Sustainable Furniture Product-Service System Design (PSSD). 

Despite the theoretical and practical contributions, this research has certain 

limitations. Given its research focus, it predominantly centers on the application of Life 

Cycle Design (LCD) and Sustainable Product-Service System Design (S.PSSD) in the 

furniture sector as a means to address existing unsustainable furniture products and business 

models. However, there are still unexplored Design for Sustainability (DfS) approaches 

within the field that warrant further investigation. 

The practical tools developed have undergone testing through six rounds of evaluation 

and improvement with furniture designers and experts. However, additional testing in various 

furniture company contexts and projects would provide valuable insights. Additionally, 

considering ongoing research activities such as the eco-design of products regulation by the 

Joint Research Center of the European Commission, scheduled for release in April 2024, new 

eco-design rules and guidelines may emerge. Therefore, it is crucial for this research to stay 

updated on these developments, as detailed in Chapter 9.2. 

Given these considerations, there is a need for further work, including the application 

of the developed knowledge base and know-how in projects and design practices. As new 

functions are embedded in existing platforms or new platforms emerge, unresolved issues 

such as the collaboration functions of the ICSxFurniture toolkit and the SDOxFurniture 

toolkit will be addressed. Moreover, additional Design for Sustainability approaches should 

be explored and considered for application in the furniture sector. Furthermore, more specific 
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guidelines tailored to particular furniture types or a certain company should be developed, as 

outlined in Chapter 9.3. 

Nevertheless, the knowledge base and know-how generated through this 

research are made available in an open-access manner. This approach facilitates 

continuous improvement, modification, and upgrading by potential end-users. 

Leveraging the LeNS network community, which connects 150 universities worldwide 

working on Design for Sustainability, the dissemination of knowledge, updating, and 

further specification will be carried out by researchers in the same field. Additionally, in 

collaboration with other researchers, an open course and an open-access book are 

planned for publication, contributing further to knowledge dissemination, as outlined in 

Chapter 9.4. 

  



 

350 

Chapter 10 Conclusions and Discussion 

10.1 Objectives and research findings 

The research aimed to develop a knowledge base and know-how for Sustainable 

Furniture System Design, addressing both product life cycle design and sustainable product-

service system levels (covered in chapters 6-8). This objective was driven by environmental 

issues stemming from the furniture system at both the product and production & consumption 

system levels, the considerable potential for the furniture system to transition to 

sustainability, the absence of regulations (discussed in Chapter 1), and the lack of furniture-

specific system design knowledge, approaches, methods, and tools from both academic 

(chapter 2) and practical perspectives (covered in Chapters 4.3.3, and 5.3.3). The 

achievement of these objectives unfolded gradually through the systematic exploration of two 

main research questions. The research questions, objectives and relevant chapters are 

illustrated in Table 45. 
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Table 45 The research questions, objectives and relevant chapters 
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10.1.1 The conceptual framework of environmentally sustainable furniture 

system 

The research commenced with an examination of the sustainability contexts within 

the furniture sector. It became evident that the environmental issues were not solely confined 

to the furniture product (life cycle) but were also linked to the escalating production and 

consumption of furniture systems. Viable solutions, therefore, necessitated a combination of 

product innovation and Product-Service System innovation. Following a review of Design for 

Sustainability approaches, it was determined that Product Life Cycle Design and Sustainable 

Product-Service System Design emerged as promising avenues for addressing these 

challenges within the furniture industry. 

The first step was to explore the framework and characteristics of an environmentally 

sustainable furniture system (on both Product and PSS levels). Below is the summary of how 

each objective was met to answer RQ 1. 

The initial step involved an exploration of the conceptual framework of 

environmentally sustainable furniture systems at both the product and Product-Service 

System (PSS) levels. The following is a summary of how each objective was fulfilled to 

address Research Question 1. 

(A1) To explore in detail furniture products’ life cycle profile  

The initial exploration employed the Life Cycle Assessment (LCA) approach, as 

detailed in Chapter 5.1. The LCA yielded two primary outcomes. Firstly, it provided a 

detailed conceptualization of the furniture system boundary, encompassing all activities 

(processes) directly or indirectly related to furniture before, during, and after its use. 

Secondly, the LCA offered insights into the furniture's life cycle environmental impact 

through quantitative data. Environmental impacts were calculated and compared for 25 pieces 
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of furniture, revealing that sofas, closets, tables, and workspaces exhibited higher impacts 

compared to the other four groups (task chair, chair, stool, coffee table). Analyzing the LCA 

data uncovered a comprehensive trend regarding the environmental impact across various life 

cycle stages of furniture. Notably, the pre-production stage exerted the highest environmental 

impact, while the production and end-of-life/distribution phases displayed considerably lower 

impacts. Surprisingly, the use stage emerged as the phase with the lowest impact. These 

results provide a detailed understanding of the sources of environmental impact in furniture 

products and suggest directions for resolution. 

(A2) To explore the sustainable characteristics, design insights of furniture products 

Following the identification of life cycle activities and their environmental 

consequences, an exploration of the characteristics of existing furniture products was 

undertaken through best case studies and semi-structured interviews. The objective was to 

gather up-to-date knowledge about design interventions from exemplary cases and 

companies’ interviews. Consequently, 15 design approaches with 37 detailed design 

approaches were identified and categorized according to 7 design strategies. 

(A3-A4) To explore the sustainable characteristics and design insights of furniture 

Product-Service System 

This was accomplished through a comprehensive study of 44 best cases and semi-

structured interviews, achieving three main objectives. The first objective aimed at 

identifying design interventions for environmentally sustainable furniture PSSD, analyzing 

four key elements: provided products, offered services, involved stakeholders and business 

models. Ten business models and 31 types of services were identified. 3 types of furniture 

S.PSS were identified. 

The second objective involved exploring potential benefits and characteristics of 

Furniture Sustainable Product-Service System Design (S.PSSD). Building upon proposed 
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general win-win environmental-economic S.PSS benefits by researchers, the study 

hypothesized five such benefits applicable to the furniture sector. These win-win benefits 

were subsequently confirmed through the case study and semi-structured interviews.  

The third objective sought to develop an archetypal Furniture S.PSS map based on 

defined insights. Using furniture use contexts as one dimension and furniture S.PSS types as 

another, the study created an Archetypal Furniture S.PSS Map, positioning the best cases and 

developing 20 promising visions. 

(B1) To develop furniture-specific system design knowledge _ guidelines 

This objective was fulfilled through a workshop with experts, building on previous 

findings and improved after experts’ evaluations. Leveraging general Life Cycle Design 

(LCD)/Sustainable Product-Service System Design (S.PSSD) guidelines, the workshop 

started with a knowledge presentation phase in which the PhD candidate shared outcomes 

such as Life Cycle Assessment (LCA) results, case study findings, and insights from semi-

structured interviews. The workshop then involved a structured process for developing 

furniture-specific guidelines. The process involved various specification actions, including 

specification of general guidelines by integrating furniture characteristics, introducing a new 

guideline, and removing a guideline if deemed irrelevant, etc. The result encompassed 7 

furniture-specific strategies, 23 sub-strategies and 154 guidelines on the furniture product 

level. On the furniture S.PSSD level, 6 strategies and 46 guidelines were proposed. These 

guidelines represent crucial knowledge for furniture designers, offering valuable insights to 

significantly reduce environmental impact throughout the furniture system. 

(B2) To develop furniture-specific system design know-how _ methods and tools 

This objective was realized by creating furniture-specific Life Cycle Design (LCD) 

and Sustainable Product-Service System Design (S.PSSD) tools, addressing the identified 

lack of tools in furniture practice and incorporating the developed design knowledge. 
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At the furniture product level, the ICSxFurniture toolkit was formulated, comprising 

four integrated tools: Checklist for Existing Furniture Evaluation, Eco-Ideas Board, Checklist 

for Concept Improvement/LCD Strategies Pursuit Evaluation, and Multi-Strategic Radar. 

At the furniture S.PSSD level, the SDOxFurniture toolkit, an innovation diagram, a 

system map were designed. The SDOxFurniture toolkit integrates four essential tools: 

Environmental Analysis Checklist, Idea Boards, Environmental Improvement Analysis Tool, 

Radar Diagram. 

The ICSxFurniture and SDOxFurniture toolkits were meticulously organized, aligning 

each tool with specific strategies derived from the developed guidelines. The guidelines for 

each strategy serve as crucial knowledge for effectively utilizing these toolkits. To enhance 

the practical application of the tools, the analyzed best cases were intricately connected to the 

eco-idea boards (ICSxFurniture toolkit) and the idea boards (SDOxFurniture toolkit), 

providing a continuous source of inspiration during their use. 

The newly developed tools underwent a rigorous testing and evaluation process, 

involving six rounds of evaluation studies with diverse user groups. Through these iterative 

rounds, the tools were refined and improved to ensure their comprehensibility, usability, and 

overall success. 

10.1.2 Research contributions _ the new knowledge base and know-how for 

sustainable furniture system design 

This research focused on exploring the application of Life Cycle Design (LCD) and 

Sustainable Product-Service System design (S.PSSD) within the furniture sector. The primary 

goal was to create a comprehensive knowledge base and provide practical know-how for 

companies, furniture designers, researchers, and future design professionals. The theoretical 
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contributions of this study encompass enriched literature on furniture Life Cycle Design and 

Sustainable Furniture Product-Service System Design. It includes detailed environmental 

insights spanning the entire furniture life cycle and the broader production and consumption 

system. Additionally, a conceptual framework and comprehensive furniture-specific 

guidelines were developed for both the product and Product-Service System levels. 

From a practical standpoint, this research introduced the ICSxFurniture toolkit, 

designed to facilitate sustainable furniture Life Cycle Design. It also presented the 

SDOxFurniture toolkit, an innovation diagramxFuniture and system mapxFurniture tailored 

for Sustainable Furniture Product-Service System design. Furthermore, the study compiled a 

repository of exemplary furniture products and Product-Service System best practices, 

offering valuable insights and inspirations. 

These insights and tools developed are shared with the LeNS Network community, 

fostering collaborative knowledge dissemination and furthering the global discourse on 

Design for Sustainability. 

Theoretical contribution 

The theory of Design for Sustainability (DfS) has a well-established foundation dating 

back to the early 1990s. Initially, DfS focused on low-impact material and energy selection, 

then expanded to product design, Product-Service System design, Spatio-Social innovation, 

and more recently to socio-technical systems innovation (Ceschin & Gaziulusoy, 2019). 

However, the knowledge derived from broadly contextualized research methods tends to be 

overly general and abstract, limiting its utility in diverse settings (Cobb, 2001; Cobb et al., 

2003; E. Baumgartner & Bell, 2002). The furniture system, which generates significant 

environmental impact throughout its life cycle and within the production and consumption 

system (see Chapter 1), has substantial potential for improvement (European Commission, 

2020; Joint Research Center of the European Commission, 2023). Currently, the focus is 
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mainly on initial levels of innovation (materials, components, and partially products, see 

Chapters 2-3) and calls for not only fundamental/ incremental/ evolutionary innovation at the 

product level but also radical/ revolutionary innovation at the Product Service System level. 

While general knowledge may not always prove effective in every setting, it can be adjusted, 

replaced, or adapted to suit specific contexts. 

This Ph.D. research makes several key contributions to the theoretical knowledge of 

DfS within the furniture sector: 

I. A conceptual framework for sustainable furniture system design was formulated, 

integrating the characteristics of furniture S.PSSD, Furniture LCD, and the win-win 

economic benefits and mechanism of furniture S.PSS that facilitate environmental Life 

Cycle Design. Specifically:  

• Identified Comprehensive Environmental Impact: The research identified and 

quantified the comprehensive environmental impact throughout the entire life cycle, 

spanning various dimensions. This comprehensive understanding and rich data serve 

as a foundation for addressing environmental challenges with a life cycle design 

perspective.  

• Summarized Characteristics of Sustainable Furniture Products and Product-

Service Systems: For sustainable furniture product design, the research identified 15 

design approaches, encompassing 37 detailed design approaches. On the furniture 

S.PSS design level, the characteristics of furniture S.PSS, including provided 

products, 31 various services, stakeholders and 10 business models were identified. 

The study revealed the win-win environmental and economic benefits of furniture 

S.PSS. These characteristics, serving as design insights, were integrated into the 

development of furniture-specific LCD and S.PSSD guidelines.  

• Created An Archetypal Furniture S.PSS Map, outlining 20 promising visions. 

Each vision encapsulates a potential furniture S.PSS scenario characterized and 

visually represented with a system map for clarity and understanding. 

II. Furniture-Specific system design Guidelines: A total of 7 furniture-specific LCD 

strategies, 23 sub-strategies, and 154 guidelines were established. On the PSS level, 6 

furniture-specific S.PSSD strategies and 46 guidelines were also developed. 
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While existing literature in the field primarily focused on evaluating and comparing 

specific materials, processes, or individual furniture products, there was a lack of a 

comprehensive and cohesive conceptual framework for sustainable furniture design. The 

application of Design for Sustainability (DfS) knowledge and know-how to address 

environmental challenges within the furniture sector was insufficient. The contributions of 

this research are novel and extensive. The integration of Life Cycle Assessment (LCA) data 

from 25 furniture pieces across 8 groups into 162 histograms provides valuable quantitative 

data and design insights for designers. Unlike current environmental data focusing mainly on 

particular materials/components/furniture, which may not offer insights for other designers 

external to that specific project, this work provides comprehensive data and design 

considerations for furniture from various categories, facilitating a general understanding of 

furniture's environmental impact and sustainable design focus, priorities, and strategies. 

Regarding furniture Life Cycle Design (LCD), this research develops furniture-

specific LCD strategies (with identified priorities), sub-strategies, and guidelines. While 

general LCD guidelines (Vezzoli, 2018) are well-established, as mentioned earlier, general 

knowledge may not be sufficient for specific contexts. Additionally, some researchers have 

developed office furniture LCD guidelines (L. I. Chaves, 2007), and as new knowledge 

emerges from the literature review, case studies, and expert insights, these guidelines should 

evolve accordingly. Both Vezzoli's and Chaves's knowledge provide valuable insights for the 

development of furniture-specific LCD guidelines. 

This work also represents a significant advancement beyond Chaves' work by 

expanding knowledge to the furniture Sustainable Product-Service System Design (S.PSS) 

level. The Archetypal Furniture S.PSS Map offers a comprehensive overview of promising 

furniture S.PSSD models, serving as a valuable asset for those engaged in furniture S.PSSD 

endeavors. Additionally, furniture S.PSSD strategies and guidelines were developed, 
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providing valuable references for furniture practitioners seeking to develop S.PSS in their 

specific contexts and for researchers aiming to understand S.PSS within the furniture sector. 

Practical contribution  

In addition to theoretical contributions, this research significantly contributes to 

sustainable furniture product Life Cycle Design and Sustainable Product-Service System 

Design by providing support for furniture companies, furniture designers and researchers, 

through a well-defined design method and a series of tools designed to assist at each stage of 

the design process. The identification of know-how gaps in furniture practice towards 

sustainability, derived from literature review and semi-structured interviews (Chapter 2, 

4.3.3, 5.3.3), guided the development of the ICSxFurniture toolkit and SDOxFurniture 

toolkits. The knowledge developed in this research, such as the life cycle environmental 

impact, the developed sustainable furniture product/PSS case cards, and the furniture-specific 

LCD and S.PSSD guidelines were integrated into the tools to support evaluation and design 

orientation. For example, each eco-idea board is equipped with a list of guidelines as well as 

cases linked to the relevant guidelines, used to inspiring new sustainable ideas in the concept 

design stage. 

The ICSxFurniture toolkit aids the furniture LCD process, covering strategic analysis, 

idea generation, and concept design. Simultaneously, the SDOxFurniture toolkit, along with 

the innovation diagramxFurniture and system mapxFurniture, facilitates sustainable furniture 

Product-Service System design.  

The developed toolkits are designed with modularity in mind, featuring tools tailored 

to support various stages of the design process. This modular design offers flexibility in 

usage, allowing users to select tools based on their experience, objectives, and time 

constraints. For instance, if users wish to brainstorm promising sustainable furniture 

product/PSS design ideas, they can directly utilize the Eco-idea boards for either furniture 
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products design or furniture S.PSSD, rather than starting from scratch. The integration of 

these tools into each stage of the design process is illustrated in Table 38 and Table 39. 

However, it's important to note that these tools are not specifically designed for 

individuals without a background in Design for Sustainability (DfS). Even for users with 

relevant knowledge, there may be a learning curve associated with the toolkits. To 

address this, each tool is accompanied by a video presentation which aims to facilitate 

the learning process and ensure effective utilization of the toolkit functionalities. 

In the penultimate version of these tools, participants who were involved in the 

evaluation process rated them positively. For comprehensibility, the scores of satisfaction 

ranged from 71% to 90%; for usability, the scores ranged from 75% to 90%; and for success, 

the scores ranged from 86% to 95%. The research contribution is illustrated in Figure 122. 

 

Figure 122 The research contributions 
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10.2 Research limitations 

Due to time constraints, the research faced limitations regarding the scope of 

investigation and the evaluation of tools. 

10.2.1 Research scope  

In terms of the research subject, the primary aim was to develop theoretical insights 

and practical know-how into the application of Life Cycle Design (LCD) and Sustainable 

Product Service System design (S.PSSD) in the furniture sector. While recognizing the 

promise of applying LCD and S.PSSD as efficient and effective sustainable approaches, it is 

essential to acknowledge other opportunities to be explored, such as sustainable behavior 

design, regenerative design, and design for social innovation. However, exploring the 

potential application of other approaches in the furniture sector could be an interesting 

avenue for future research. 

Given the unique characteristics of the furniture industry, its relevance, and potential 

for improvement, this research specifically concentrated on household and office furniture. 

However, it's important to note that there are various other categories of furniture that merit 

further investigation. 

Addressing the sustainability dimension, this research emphasized tackling the most 

pressing issues within the furniture sector, specifically focusing on the environmental impact 

throughout the furniture's life cycle and the production and consumption system. The 

research prioritized environmental concerns while also considering economic benefits. 

However, the social dimension remains an area for future investigation. 
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10.2.2 Iterative toolkit’s testing  

The limitations related to the development and testing of tools are noteworthy. While 

the tools underwent six rounds of evaluation and refinement with different groups, their 

application in furniture companies was limited. Conducting tests within ongoing projects, 

collaborating with furniture designers and sustainable managers, could enhance the 

consolidation of results. This aspect is a potential avenue for future research, specifically 

focusing on the development of new furniture products or PSSs.  

Another limitation is relevant to the tools’ lack of collaboration functions. While I 

supervised a master's student in creating collaboration versions of Miro for the innovation 

diagram, concept sheet, and system map, it proved challenging to integrate collaboration 

functionality into the ICSxFurniture toolkit and SDOxFurniture toolkit. These two toolkits 

combine qualitative evaluation functions with Excel's formula function as support, making it 

difficult to integrate collaboration features, which are crucial during the design process. I 

have engaged in discussions with various experts, including programmers and designers. As 

of now, Excel remains the best solution to balance calculation functionality and open access 

requirements. However, further research will be conducted on this matter. 

10.2.3 The changing research world 

Furthermore, it is important to acknowledge that the design landscape is evolving 

rapidly. Emerging fields like Artificial Intelligence and Machine Learning are gaining 

prominence, and their potential applications in sustainable Furniture System Design are 

indeed interesting. However, their integration into sustainable furniture system design could 

enrich our understanding of furniture design, potentially leading to the development of new 

furniture S.PSS archetypal models, comprehensive design guidelines, and improved practical 

knowledge.  
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However, given the time constraints of the PhD research, it was not possible to 

comprehensively cover all aspects and anticipate emerging knowledge gaps. To address these 

limitations, all research outcomes, including the knowledge base and practical know-how, 

have been made open access. This enables researchers in the same field to contribute and 

update the knowledge base and know-how with the latest insights. 

10.3 Further research directions 

Design for sustainability is a vast and meaningful field that offers numerous avenues 

for exploration, and the furniture sector encompasses a wide range of categories. This 

research, however, has primarily focused on the application of Life Cycle Design (LCD) and 

Sustainable Product Service System Design (S.PSSD) approaches within the furniture sector, 

prioritizing their efficiency and effectiveness within the allocated time frame. This section 

outlines some recommendations for future work, drawing insights from testing activities and 

the broader research landscape. 

10.3.1 Further application and testing of furniture system design tools 

There is a need for continued application and testing of the developed furniture 

system design tools. Longer and more in-depth testing activities conducted in collaboration 

with furniture companies on real sustainable product development or furniture S.PSS 

development projects could yield valuable insights. Consider extending testing periods, 

testing could span the entire design journey, potentially lasting several months. 

10.3.2 Tool improvements and collaboration functionality 

Based on feedback from participants, the tools could benefit from a more 

collaborative platform. While Excel currently serves as the best choice, future versions could 
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be developed once more advanced platforms or improved calculating functions of existing 

platforms are available. The goal is to enhance the comprehensibility, usability, and overall 

usefulness of the tools. 

10.3.3 Tailored guidelines for specific furniture types 

The current furniture knowledge base and know-how were developed with a focus on 

office furniture and household furniture. When utilized by furniture companies, it is 

recommended to create more detailed and specific guidelines and tools tailored to different 

types of furniture, considering their unique characteristics and sustainability requirements. 

10.3.4 Exploring other opportunities in Sustainable Furniture Design 

Beyond the scope of this research, there are numerous other opportunities in 

sustainable furniture system design that warrant exploration, such as sustainable behavior 

design, regenerative design, and design for the base of the pyramid within the furniture 

sector. Special attention can also be given to other furniture categories, such as outdoor 

furniture and transportation furniture, for in-depth analysis and improvement. Furthermore, 

the social dimension of sustainability in the furniture sector should be explored in greater 

detail, alongside environmental and economic dimensions. 

In summary, while this research has made significant contributions by focusing on 

LCD and S.PSSD approaches in the furniture sector, there are opportunities for future 

research to expand and deepen the understanding of sustainable furniture design and its 

sustainable dimensions. 
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10.4 knowledge base and know-how dissemination 

Considering the significance of having a well-established knowledge base and know-

how, for both furniture designers and researchers involved in the development of Sustainable 

Furniture Systems, I am (together with other researchers) currently in the process of creating 

an open course and an open access book on sustainable furniture system design. The open 

course will be made available through the open learning platform LeNSLab Polimi, ensuring 

broad accessibility. Additionally, the open-access book will be published by FrancoAngeli, 

furthering the commitment to disseminating valuable knowledge in this domain. 

10.4.1 The LeNSLab Polimi platform 

The official website, serving as the open learning platform, incorporates a diverse 

range of learning resources. These encompass courses, lectures, design guidelines, and tools 

tailored for use by designers, students, researchers, professionals, and anyone interested in 

tackling sustainability challenges. Through this platform, all users can view, download, 

modify, and reuse these resources freely, in adherence to an open-source and copyleft 

philosophy. This means that all contents within the learning resources are accessible without 

any charges and with intellectual property rights (acknowledging authorship), yet there are no 

restrictions regarding the dissemination with the Creative Commons license. 

The overarching goal is to enable individuals to pursue comprehensive online courses, 

access specific resources aligned with their interests, and facilitate educators worldwide in 

launching new courses. This can be achieved by adapting, utilizing, and contributing back to 

these learning resources, aligning them with specific requirements, institutional demands, or 

local contextual characteristics. In essence, the primary objective is to accelerate the 

dissemination of knowledge base and know-how in the realm of design for sustainability, 

promoting a collective effort towards a more sustainable future. 
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10.4.2 The open course 

The development of an open course on furniture system design is currently in 

progress and will soon be accessible on the LeNSLab Polimi platform. This course 

encompasses both theoretical and practical insights derived from this research. It will be 

available to anyone with an internet connection, thereby facilitating the spread of knowledge 

on Sustainable Furniture System Design (SFSD). This initiative aims to benefit furniture 

designers, furniture companies, researchers, academics, and all individuals engaged in the 

field of SFSD by providing them with valuable resources and information. 

As the open courses are ongoing projects, it is actively seeking input from potential 

audiences. This approach fosters an open and mutually beneficial learning process, promoting 

the exchange of viewpoints and increasing opportunities for collaboration. It also encourages 

the continuous improvement and expansion of the available resources. 

10.4.3 The open-access book 

To further disseminate the knowledge base and know-how developed in this research, 

a collaborative effort with FrancoAngeli is underway to create a book on sustainable furniture 

system design. 

To broaden the dissemination of the knowledge base and know-how developed 

in this research, a collaborative initiative with FrancoAngeli is currently in progress to 

author a book named Design for Sustainable Furniture Systems. 

This book provides a comprehensive understanding of sustainable development 

principles and the evolving landscape of sustainable furniture design research and practice. It 

delves into strategies for designing and developing environmentally sustainable products and 

Product-Service Systems (PSS). Specifically, at the furniture product level, the authors 
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discuss the Life Cycle Design approach, along with strategies and guidelines for integrating 

environmental considerations into the design of sustainable furniture products. On the PSS 

level, the book explores promising types and business models aimed at making Sustainable 

Furniture Design economically viable and environmentally sound, known as Sustainable 

Product-Service Systems. 

Furthermore, the book introduces a method and a set of tools to support Design for 

Sustainable Furniture Systems. It addresses the assessment of the environmental impact of 

both products and systems, with a particular focus on Life Cycle Assessment (LCA). 

Throughout the book, readers will find rich case studies that serve a double purpose: they 

clarify design options and highlight their applicability to various project contexts. This book 

is written as a valuable resource for those interested in sustainable furniture system design, 

providing both theoretical insights and practical guidance for sustainable practices in the 

industry. 

10.4.4 Aim and Audience 

The primary objective of both the open course and the open book is to empower 

readers with the essential knowledge and practical know-how required for sustainable 

furniture system design. Additionally, the overarching goal of the open course is to ensure the 

widespread dissemination of this developed knowledge base and expertise. By doing so, it 

aims to expedite potential discussions and collaborations with individuals and organizations 

engaged in sustainable furniture systems. The potential audience includes furniture designers, 

furniture companies, institutions, researchers, as well as future designers, see Figure 123. 
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Figure 123 Potential final users of the knowledge base and know-how 

In line with the ethos of this research and the principles of the LeNS network, all 

contents, including video lectures, slideshows, tools, and the book itself, will be made 

available in open source and under a copyleft license. This means that anyone can easily 

access, download, reuse, and remix these resources for their own educational and creative 

purposes. 
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