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Abstract 

Sustainable design strategies provide tangible ways for integrating sustainability into early phase 

product design work. Examples include design for remanufacturing and design for the base of the 

pyramid. There are many such strategies and it is difficult to choose between them. Sustainable product 

design activities also need to be tailored to business priorities. We therefore designed a decision-support 

prototype to aid project teams to choose strategies based on relevance to the project in terms of both 

business and sustainability value. To design the prototype, we first identified potential strategies from 

sustainable product development literature. We then used literature on each of six selected strategies to 

identify potential business and sustainability benefits. We developed a way to compare sustainability 

value based on a scientifically established definition of sustainability and a lifecycle perspective. The 

prototype is designed to be usable by practitioners who are not necessarily sustainable design experts. 

The prototype was created to enable future work to test ways to integrate the selection of sustainable 

design strategies into the early phases of product design. 
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1 INTRODUCTION 

In this study, we designed a decision-support prototype to aid project teams to select which sustainable 

product design strategies to employ in a given product development project. Sustainable design 

strategies direct early phase design work to contribute to society’s transition to sustainability, with each 

strategy doing so from a slightly different perspective. Example strategies include design for 

remanufacture and design for the base of the pyramid. A high number of such strategies exist and it is 

difficult to select the most appropriate one(s) (Rossi et al., 2016).  

By providing direction, sustainable design strategies enable integration of sustainability thinking into 

idea generating processes and practices. Integrating sustainability into product design, rather than 

developing stand-alone sustainability tools and methods, is critical (Baumann et al., 2002; Brones and 

de Carvalho, 2015). Even the international standard ISO14006:2011, describes sustainable product 

design as involving integrating sustainability1 aspects into product design. Furthermore, support for 

integrating sustainability aspects into decision-making should vary with the type of activity (Arvai et 

al., 2012); not just focusing on analysis activities as is common. Sustainable design strategies are 

therefore worthwhile considering since they enable both integration and the ability to support ideation . 

Through choosing strategies that are relevant to a particular project, project teams can work with 

sustainability in a way that also delivers business benefits. In other words, it enables companies to work 

strategically with sustainable product design, which is in line with strategic sustainable development as 

described by Broman and Robert (2017). According to European ecodesign practitioners, it is a problem 

that current sustainable product design support often lacks the ability to tailor sustainable product design 

work to business needs (Prendeville et al., 2013). In addition, from a pure decision-making perspective, 

emphasizing values and value-trade-offs helps decision-makers to navigate the complexity of the context 

and focus on what matters for the given project (Arvai et al., 2001; Keeney, 1992).  

The relevance of a sustainable design strategy to a project depends not only on potential business value, 

but different projects also have different sustainable design opportunities. For example, designing 

electrical equipment (with slower innovation cycles, common materials, and well-known use scenarios) 

is a very different context with different possibilities for sustainable design than designing electronic 

equipment (with shorter innovation time, specialised materials and evolving usage) (Unger et al., 2008). 

Combining business and sustainability considerations is in line with needs and trends in the sustainable 

product design research field. Baumann et al. (2002) stated that the lack of progress from trial use of 

sustainable product design support to systematic use may be due to lack of consideration of the broader 

business system. However, the research field has since developed and is shifting from trying to propose 

theoretically correct, detailed and exhaustive support to proposing strategies that consider the 

opportunities and limitations of the business world (Rossi et al., 2016) and have a more explicit focus 

on the strategic implementation of sustainable product design (Pigosso et al., 2016). 

The objective of our study was to design a prototype that provides information on the business and 

sustainability value2 of various sustainable product design strategies in order to help project teams to 

select which strategy/ies they will employ in a given project. Bovea and Pérez-Belis (2012) and Byggeth 

and Hochschorner (2006) have done this with environmental requirements and evaluation tools, whereas 

we are doing it with design strategies. This objective entails analysing the strategies in order to provide 

information that supports value-based decision-making. When facing trade-off decisions, and 

particularly when integrating sustainability aspects, analysis should be performed by specialists and be 

fact-based whereas judgements should be made by decision-makers and be value-based (Gregory et al., 

2012). The purpose of designing a decision-support prototype is to enable prototyping of a general 

approach of selecting and using design strategies in design-thinking and stage-gate product development 

processes. In line with Kelley (2001), prototyping should help us to learn quickly and early, before 

investing in more detailed development. The prototype will therefore not exhaustively cover all design 

strategies, but provide a first version that can be used in further research. 

1 The ISO describes only environmental aspects whereas we use a definition of sustainability that also includes 

social aspects. This is in line with the framework for strategic sustainable development (Broman and Robert, 2017) 

and the transition in the product design field towards a more holistic view (Boks and McAloone, 2009). 
2 Definition of value (Cambridge online English dictionary): “how useful or important something is”. 
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2 RESEARCH APPROACH 

The research approach was an iteration between the three phases outlined below. 

2.1 Phase 1: Identifying sustainable design strategies 

The first phase involved identifying the strategies to be included in the prototype. Our aim was a set of 

representative strategies that together provide at least the minimum to help us learn 'quickly and early'. 

In order to choose strategies that are representative, we used existing literature to identify sustainable 

design strategies. To find peer reviewed literature that provides an overview or list of strategies, we 

searched with our institution's Summon service (to search all databases to which the institution 

subscribes) with the following search terms: sustainable design, ecodesign, eco-design, ecodesign 

review, eco-design review, design for x, sustainable product development, sustainable product design, 

design for sustainability, and sustainable design strategies product. Papers covering just one strategy 

were not included in this phase, only articles reviewing or listing multiple sustainable product design 

strategies were included. 

Through reading titles (of 835 papers) and prioritising journal articles, we down-selected to reading 150 

abstracts. Further reading and snowballing resulted in 113 papers, including 84 from journals. From this 

literature we obtained lists of strategies and chose 6 strategies to include in the prototype; see section 3. 

2.2 Phase 2: Understanding sustainability & business value of a number of strategies 

We individually collected, handled, analysed and interpreted data on the strategies before then 

discussing and iterating the interpretation as a team. We collected data from existing literature, 

prioritising review and journal articles over conference articles and books. The aim was to include 

multiple authors and negative cases in order increase quality. Records were kept of which articles were 

read. We sought to use the literature to understand the potential value (business and sustainability) of 

implementing each specific strategy and the conditions under which that value might be delivered.  

In order to analyse for potential sustainability value, we took a lifecycle perspective and used the 

following definition of sustainability (known as sustainability principles): In a sustainable society, 

nature is not subject to systematically increasing… 1. …concentrations of substances extracted from the 

Earth's crust; 2. …concentrations of substances produced by society; 3. …degradation by physical 

means; and people are not subject to structural obstacles to… 4. …health; 5. …influence; 6. 

…competence; 7. …impartiality; 8. …meaning-making (Broman and Robert, 2017). In line with 

modern work on sustainable product design including both social and ecological aspects of sustainability 

(Boks and McAloone, 2009), we wanted a definition that includes both. We also chose this definition 

due to its strong scientific basis. Specifically, we used the literature to identify how each strategy might 

contribute to society's transition towards sustainability, as defined by the above principles, in different 

parts of the lifecycle. We iterated through discussion among the authors in weekly workshops over three 

months. 

2.3 Phase 3: Presenting the information in a decision-support prototype 

In order to design a prototype, we needed to understand how to present the gathered information in order 

to support good decision-making. See section 4 for what we found in the literature. 

2.4 Methodological quality considerations 

We acknowledge that we have an inclination to view the sustainable design strategies in a positive light 

- to expect to find business-sustainability win-wins. To help avoid confirmation bias, we sought to find 

failure cases and arguments (in line with Oswald and Grosjean (2004)). We also used the following 

approaches for quality qualitative research from Savin-Baden and Howell Major (2013): (i) 

Triangulation of data: multiple papers from multiple authors. (ii) Triangulation of researchers: at least 

three researchers discussed and iterated the analysis of each strategy and performed the interpretation 

across strategies. (iii) Audit trail: we kept records of which documents have been read and justifications 

for analysis. (iv) Negative case analysis: as mentioned, we sought to find negative cases. 

3 RESULTS: WHICH STRATEGIES TO INCLUDE? 

We identified the following strategies and sub-strategies from the listed literature.  
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• Strategies: Design for the base of the pyramid (1), Design for social innovation (1), Design for 

behaviour change for sustainability (1), Product-service system design for sustainability /Design 

for service /Functional optimisation /Shared use of product (1,2,3), Design for life extension /long 

life (2,3,4), Design for re-use (2,3), Design for remanufacture /repair & upgrade /easier 

maintenance & repair /repair & maintenance (3,4,5,6), Design for recycling (1,2,3,5), Design for 

energy recovery /safer incineration (2,3), Design for disposability (2), Design for energy efficiency 

(1,3,4,5), *Design for closing the loop /recovery /circular supply chain /Optimise end-of-life 

/Cradle-to-cradle (1,3,5). 

• Sub-strategies: Material selection /Substitution /Selection of low-impact materials (2,3,5), Reduce 

weight (3,4), Reduce material usage / dematerialise / Waste source reduction by design (2,3), 

Design out toxicity /for substance reduction (2,4), Emotionally durable design /Classic design & 

stronger product-user relation /Design for product attachment (1,3,6), Design for variability (6), 

Design for reliability & robustness (6), Design for modularity (2,6), Design for disassembly /Use 

fewer joining elements (2,4,5). 

Sources: (1) Ceschin and Gaziulusoy, 2016. (2) Ljungberg, 2007, cited in Chiu and Kremer, 2011. (3) 

Colby, 2011, cited in Adams et al., 2012. (4) Luttropp and Lagerstedt, 2006. (5) Rossi et al., 2016. (6) 

van Nes and Cramer, 2003 

The sub-strategies are often sub-ordinate to multiple strategies and the strategies have multiple 

associated sub-strategies. The strategy marked with an asterisk can be seen as a group of strategies. Note 

that biomimicry was also included by Ceschin and Gaziulusoy (2016), but we see this as a means to 

generate innovative ideas, rather than a strategy for sustainable product design. Excluding sub-strategies, 

aiming to include both social and ecological elements of sustainability and balancing 

comprehensiveness versus building-fast-to-learn-fast, we included the following strategies in our 

prototype: Product-service system (PSS) design for sustainability, design for remanufacture, design for 

sustainable behaviour, design for the base of the pyramid, design for sustainable supply chains, and 

design for social innovation. Through prototyping, we intend to learn and iterate our selection. 

4 RESULTS: HOW TO PRESENT THE INFORMATION? 

The analysis should also help users to focus on relative, rather than absolute, performance and should 

provide information in consistent terms (Gregory et al., 2012). Comparing alternatives, rather than 

evaluating a single option by itself, helps to mitigate for evaluability bias (Arvai et al., 2012), leads to 

higher rates of good decision-making (Gemünden and Hauschildt, 1985), better understanding of 

important principles (Dow et al., 2010), and faster decision-making (Eisenhardt, 1989). Furthermore, in 

order to reduce the potential for spurious confirmation, it is important to consider alternatives even when 

one option/reasoning seems obvious (Oswald and Grosjean, 2004). 

The business value and sustainability value focus of our prototype are ends-objectives (as opposed to 

means-objectives), which helps to reduce anchoring bias (Arvai et al., 2012). We present the information 

about these values as qualitative description, which could also help project teams to learn about the 

respective values. Learning while selecting is important since capacity has been identified as a barrier 

to sustainable product development (O’Rafferty and O’Connor, 2010) and knowledge of the designers 

and engineers is important for succeeding with sustainable design (Bovea and Pérez-Belis, 2012; 

O’Rafferty and O’Connor, 2010; Short et al., 2012). 

5 RESULTS: THE DECISION-SUPPORT PROTOTYPE 

On the following two pages, we present the decision-support prototype - Figure 1. 
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Figure 1. The decision-support prototype (2 pages, intended to be size A3). 
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6 DISCUSSION 

We have designed a prototype that provides information on the business and sustainability value of 

various sustainable product design strategies in order to help project teams to select which strategy/ies 

they will employ in a given project. Selecting relevant strategies would hopefully enable project teams 

to work with sustainability in a way that delivers business value as well as significant sustainability 

benefits.  

This prototype will now enable initial testing of the general approach of selecting sustainable design 

strategies according to their business and sustainability relevance to a given project. The details of the 

approach are being developed through an action research project with two companies - one using a 

design-thinking product development process and one using a stage-gate process.  

We found no equivalent studies and therefore argue originality. 

6.1 Learnings from designing the prototype 

The sustainability value and business value differ across the strategies and users can therefore select 

strategies in a complementary way to achieve a range of benefits, or to enhance the benefits of another 

strategy. For example, for those that wish to explore PSS design for sustainability, designing for 

remanufacture enables realisation of the potential sustainability value of better end-of-life management 

and, simultaneously, the manufacturer maintaining ownership of the physical products (through use- or 

result-orientated product-service systems) enables realisation of the business value of design for 

remanufacture. Another example is that design for the base of the pyramid often involves designing 

product-service systems and therefore there is the potential to use PSS design for sustainability to further 

enhance the sustainability performance. 

6.2 Limitations 

Some of the strategies used in the prototype were difficult to define. We found general agreement in the 

literature on the definitions of design for remanufacture and design for sustainable behaviour, but there 

are many perspectives on the other strategies. We have therefore either chosen a relevant definition, or 

when needed derived our own definition.  

When analysing the potential value of the strategies, it was difficult to collect evidence from empirical 

studies, particularly for the more amorphous strategies. The realisation of potential value also lies in the 

successful implementation of the strategy in a relevant context with various preconditions met. It is 

therefore not possible to definitively assess value, but rather we aim to indicate potential value, identified 

within literature, in a way that we consider is good enough for an early prototype that will be used to 

test and develop an approach. 

Finally, our way of expressing the sustainability value is limited. A lifecycle perspective is only one 

way of looking at a product system. In future versions of the prototype, it would be interesting to also 

compare the strategies in terms of other ways of contributing to society's transition to sustainability.  

6.3 Contribution 

Our contribution is a decision-support prototype designed to be used by project teams to inform their 

selection of sustainable design strategies. We developed this analysis-based prototype in order to be able 

to develop and test ways to integrate the selection of sustainable design strategies into the early phases 

of product design. The suggested way to analyse and compare the sustainability value of design 

strategies is a contribution in itself. 
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