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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 1SO14006:2011, describes sustainable product
design as involving integrating sustainability’ 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 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. 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.

! The 1SO 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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e  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).

e  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 (Gemiinden 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.

114 ICED17



“p2dNDIARYS] JURI2LID 0|
pa2J0) AJSN0 |33) SIFLWUNSUOD J| PATI|ES) 10U 5| 3n|Bn 3y L sues| pue sauoyd 3)qow
‘Fdwexa Joy ‘35esn Suung s1edw) Apgeuie1sns 35ie| Yy s1anposd 104 JUes3|3.;

Alenainey -25ew puesq aacadw Uea Yy ‘poolsiapun pue pad|ay 51334 J3W03sn;

z(5)poos |emsiyd
Y1 4o diysIaumo sUIBIR) JINIEINUBL [BUIS O 34T 313Ym SWa1sAs 33mas-1onpold

JWEAS|3) AUBNIILEY “;z3|-J0-0US UD USIIR|SIS3] [EIUSWUGIIAUS BUISEIIU| S53IDPY

"1BRpRIEdN 30 03 (enuI1ed pue AJ|IgELS [E21S0|0UYIS] SUEd 2|EIND puE 3n|

ysy yum sppnpoud oy |enuaiod ySiH 1;55UINES PISEIIUL 3104331 puE AJU3IDIR
DISEIIIU] 01 PEI| UBT SUN1IBINUBWIE] J0) BuuE|sap A1y sued aueds deaya Jo
Addns Apeals e pue ;s5uInes 1503 Buunioenuew pue |eu33ewW sanE sped Suisn-ay

> +23|BUIEISNS 3U0W 39 01 "SUGBY SUIpn|Iul INCIEY3q J3sn
33uan|yul 03 uSI53p 01 51 INOIABYAY A|GRUIRISNS 10} uFIsag

‘BUBIY J12Y3 UBYISUR115 pue |elded [2130s PlIng S3s5auU1sng dj3yY Ue3 1 ‘RI0jRI3YLE
'SN30} Ul 3NSS| [B305 3Y1 01 PIITBUU0T SI3P|OYY 1S Jo Mapen e yum Sulp|ing
dIysuDE|2] S24IND3) PUE JNCABIPUS 3AIRIOGR||0Z B S| UDIIEROUUI |B120S JOJ USIS3Q

AJURIIEM PIIBIDOSSE UE YIIM US10)
UDIIPUGT NJ3sn mau-3y1| B o1 1anpold pasn e Suluinial
312111384 0 5B YIns uSIs3P 01 51 AUNIENUEWI Joj uFisaq

s|el3lew A3y Jo):
Ajddns jo uondnisip 01§50 1B 35041 01 WEAS|3] AlJBINDIEY “rBIP3LW 3Y1 PUE SODN;
‘SIZWUNSUGT SE YINS 51300434 E1S |Bula1xa AQ suleyd Alddns Jo) 21q1sucdsal B3y 350U
‘sspRIa40 Pnpoud 3yl uBIs3P pue 1SN 3Y1 YHM 1383000 13311 3ney ‘uieyd Aiddns
Y1 WIBA0E 181 350U 0 WUBAS|SY (51503 USI1IESUEL] S35E3II30 PUR «UDIIBLWION
Jo Ayleni 2y seseaou) diysuone|ad J2Ang-J21ddns 3yl ul 1sni1 paseauou|
-BUILIBS| 31E1|178) O5|E DUE 3 1p3EEIUBADE 3011330 WOT WIl-131U] JO 33IN0S
B 30 UED SNyl pUE 3183WI 01 piey AlJen2iued 3ue 18yl s311|1qeded |BUDI1BS LB S0
-121U1 J0 WAWdo[3na3] ")5U 535E30030 pue uondnisip [euslew jsuieSe spienc

zpafodwa |epdes:

U uin1as ysiy pue un Jad uiSiew mo| ‘B1eys-Inoge| J3ySy ‘Fwn|on 351e| uc:
spuadap ANIQeILoNd TS50 UDl|[Ul § 51 plweshd 3yl 4o 3seq 3yl 40 J3mod Suiseyzind
|enualod 3y s53E%JELW SUIS MBU IN0GE SUILIES| PUE "S1EJBLW BUIHINIIS;

01 553308 121120 ‘USIIBAISW 234010 WS pESERIIU] B5E] J2WOTENT SUN1BW YL
JsEuowe a5ew 3esodiod jo wawanolduw J3yied g ‘uakup yjoud 1ou s 3soding

“ZAngedes

SUIUIE3| PUB 233015, JISE] B 30ND31 310J3I3Y1 PUB 553000 UDIRLLIGISURE

|EUI3IUI UE “ABM JUIZLUP B Ul SS3UISNG SUI0P 3AI0AU| U0 SUDIN|OS 35341 rWa1sAs
31 5500 51503 JO ucnes|wldoe 13113q pue J3sn Yy diysuone = panoldw) “spasu
135N FUI5523JP0E 131130 S10113d Wod wWol) ugiieualagip o) Aunuoddo siaun

"azSP33U [EJ0] JO) SUDIN|os dojEasp 01 S3LUNLWWOD

10 suemas Jgnd g SuuEissg-od suesw 1 adoing

Ul seasaye ‘s31unod Suido|anap ul s13load 03 paiejal
U3HOo 51 1 WS YL U] s0e 01 Aaoeded s fgapos aaueyus
puUE zswa|qoid |BDOS 3405 01 (S|FpoW ‘s301U3s "sonpoad)
SUCIIN|OS 4O USIS3P 3YL 51 UOIEADUI |B1205 103 udisag

“sueya Aiddns 2pqeulelsns

310wold 01 J3pJo Ul uoipun) s waseurw uleyd Ajddns
31 Sulpnpul Alnieloqe) o2 Ag suieys Aiddns 3jgeuleisns
10woJd 01 usis3p 03 51 suleyd Ajddns ajgeulelsns Jog udisag

+ 533135
|BITUEULL 07 55310E J00d PUE SINIINIISELU 31END3PEU]

5B YINs ‘s35U3||BYD JUBAS|3] S53UDPE 1Byl pue walshs

31 Ul suzonpoud os|e 31e dnous 135181 3yl 3uaym swalshs
BaIu3s-10npold uS|sap o) Aep Jad S 7 UBY3 S53| 51 ILWaIU|
asoym 3|doad uol|ig 1240 3Y3 (Y3 pue) Joj usissp o -
sayunpuodda ssau1sng mau SuipIng 15y m Ausnad 31ena||e
01 uSis3p o1 51 (3) prweshd ayy yo aseq ayy 1oy uSisag

“thEA 3|QBUIBISNS 30 B Ul SP33U J3SN S3IS5II00E 1BYD
uoiuny B apnold 01 "s321035 pue s1anposd 1o ucileugqoD
£ “Wa1sAs B USIS3P 01 51 (P) Aupgeule1sns 10 ugisap s5d

3E

fuedwoo g0y
HUALDE SULNISENUE N

3N[EA S53UISNY [EJUII0d

Afajens

115

ICED17



ozL-v0L "dd 'gTom OF o8 Faenis uliEsg | suondanlad pus s3EI1EN0S UN0IKEYST SQeURIsns Joy uSisaq,, (5002) 1a ‘AR Spdwens 10 'BEs
“AnsrEaun Surdoyun 'SIsEYl ayd BULnIofnuowsy [nfEsacans J0f ub)rsg S5R0004 PUD 1IN0 “[RD0Z) 3 "WIpUNS o
SP33U YIUESS2) 3NN PUE M2IN2J 2UNIEIS) E JRINIDEMUBLWR] J0) WEis2a,, “[TT0Z) 24T upuiin pue 1 ‘yewoll 0o 2yaied ul pay 's00z "2 12 [YEpU ¢
“grz-cez dd ‘mou youoasas ubisag T, UCEACUL [BDOS 3|QEUIELSNS J0) YIESs2) USisad, L00T "3 "WEUEW 5
‘#Tz—50z "dd 'von 0T ‘Jos JuawsSounpy
w3 wy uswsEzusy weyo Addns sgeuimsns il sai@sens, YeTog) s Ua3Eseyas pue o3 ‘ussuEd O SULEH
BET=TrT "dd 'cONM 6T "Jon TUEAWSEoLDM |0IUSLINOIALT pUD
1ENS L0 SI000ES 5522305 S Bwpusisiepun, ‘[FToz) -4 "SiEgEinal pue g u_“__._.E
n yuzwsSeusw weys Addns 3pgeuieisns o Acsuy 313|dwaes suow e Suippng, ‘[S00z) Z M pue W _wm.un_ e
nd/zz fdas/pT07,/s5aUEng-a|QEVIEISNS W0z ue|puen oy mmm /- sdny “ssausng Jog puo aBUDyD SI0WID U0 LIoH Longs 2343 Jgng '(9T0z) T WeH o
r0z-£8T & ‘Tr o ‘ssions ubisaa | mamad v EEueyD Joneyag ySnouys Aupgeuzisns Sunowoud, {sToE) 3 "Engu3 pUB T UEIRWWIZ Y ‘UNES0D o
spt-czr dd 'wroN v e fownor ubisag ayL ' anoneyag Jawnsuod 28ueyd 01 s1onposd Suisn JnciweyEa ajgeuielsns Joy ufisza, {1Toz) L 'Suel pus g 'Reqn L Baweud .
ESTT-LPTT dd 'TTON ST “jon ‘uonanpoig Jsussi fo jowner | Suunieynuswss suidus go 3523 sy SAUan00a) 1INPosd J08 SSAIOW S0 WUSLIEEEESE [EIUD Y, (Z00T) WIN ‘2uET
“LET-EPT "dd 'TTON POT 0N YDAy Joucoisc0 fo [suinor uosdound | s1enpoud peen 4o yIeg-se) yEnouy 2Seusape angiadwod, 1S00T) AT Y30y PUE " PUBIND TS SRR T IUBNED "TH B5ERH
“FTOZ-$00T dd 270N 6T T[OA 'UOINDCAY JFUDSD SO |0Wnor | SPEaU YIIESSEL 2ININY PUE MBINEE SUNIEIAY] 2 TUNJISNUEWS 204 UBIF3, [TT0Z) 2'2T NP PUE T “Yewal “a'D J34aeH
"EET-59T "dd "p-£rom £ |08 ‘Whsa00T | wonEsoul |B100E J0) uEisEp ul FuungonasEagu) pue SuldAlogold,, [TTOZ) W UOEIW pus W NIEnEES T d “URIE|IH o
“UDPWOT 'HE 243 puE AE0|0UyDa) "BIUS0S J0) JURLLIMOPUS |SUCHEN UGN SAOUL J0I20s Jo yoog wado 2yl “(0T0Z) "D "uEEnN puE T 'BauD-ssneD Ty ‘RELNW
‘gr-£7 dd ‘weyuayEud 1e3|3 puemp3 diysinausidagus
PUD HoySADUL} 3jgowmsas * Apunuoddo [eunzuzidanuz ue Jo uawadeuew 3yl 0] 2EuS||EY3 [EJIULYI3] E 40 BOENSINIWPE 341 WL TUCOEACUL A | GEUIEISNS 10} SUDIVpUCo puE diysinauzidanua #pgeusisns o sadAL, “(200z) W eulean pue s U283ayEys 4
“0EE—oo "dd 'g7oN OF Jon (Do [OUON DS Uy Juswsfouny woyd Aiddns | spanaigpe usag sey 18y — JuswaEeusw uieys Ajddns sjgeuielsns ) 1uswainsesw souewiopad jo siesd oz, leToz) -5 U288y Eyas pue 4w wosuyor d ‘usssusr-3yseg
“OTLT-669T dd ‘a7 Joa ‘voymnpoug Jeuna fo pownor © uawaSeuew weys Addns 2jqeuieisns Jog xiosmewey [2nidatuod 2 01 MENE BUNIEIaY| 2 wald,, [E00zT) W S pue 5 ‘Buunes
‘Ti—t5 dd ‘grom 2o o Bunseop fo rownor f auswaSeSug Aypgqisucdsay [Eoos ayiodion sz ddns Jog Junoioy slawaisng [EUciETIUEEND Mo [S1EIE ST3UIENG-03-S5BUIENE Ul Ajiqisuodsay |B130s Sea0diad, (ET0T) L ULEWSWeE puE W Pens o Einguwioy ..
“oEp—8sv dd AT pon T Bouow wioys fiddes | S[aas] JoMaEU PUE UIEYD ‘PEAR 241 1B SEUNSEIW PUE SUCHIULEP 40 M3IAEI SUN1EIRY| paunioruis B Quawafeusw &ddns pus Suiseyound ajgeuielsns,, [ZToz) W 1Enboew pue 201 ‘uasugor r shzowsns
‘Teg-teedd Yoler wousnposd sauoa fo jowner Ansnpul Suuud s8eyzed ayp jo 25E2 203 cureyo Aiddns 2yl u diysieulied oefoad uEsaD, (9007 COH "URSEE(Y PUE 'S UOYDEA [
“LBE-ZLE dd 'wron 2 jon Juewsbouom s2051807 F vonnguEsio (prsiya Jo jownor jpuonowsaiy | uswaEeusw ueys Addns Jjgeuizisns pue sairgeded Jwewha, (2Toz) ¢ 259 o
‘str7—0e7 dd 'vroM L1108 uswabouow (DIUSWU0NAYT pUD AgEeodssy foos amooion | mBIAs] SINTEIEN) B IS50UN05E) [EuoiETUEEio-sEau puE tuawaSeuew weys fddns sjgeweisns, oToz) 4 ‘#¥s28 pue s ‘Buunas 5 ‘pos o,
“t-2z "dd ‘z7oN z& "|oa Juswsbounyy uioys Addng fo jownor ' uswsfzusw ueyd Addng gewisiens pus swuld Sudng 1o jsassu-ges syl i poos Suiag Ag e Buiea,, (eToz) o ‘sssna 4,
“LTT-60T "dd "5oM TS |0 Wsnay FesuwEng puooy | Juswaieuew Aiddns swooaq 1enw SuisEying,, EEET) "¢ e |
"ZT-5 °dd "TTOM ST 100 JUBWEGDLOM USRI DASULI JINE0Sd Jo jeuunor | SUcesouudl yENoUyIyEaa o SUN0S E SE PIWEId 2U3 40 wonog, (7T0T) WD PEIEUE
~3' UoIEUIYSEA UONIEI0dI0T SIUEULS [EU0IIEUIRIY| USI0ASLL SO SO D Wiy SUDSEET JEIAN0W IO [2002) 241,
"BAZ-18T dd '5oN TZ |on JWSWLCAWws 243 pup (850005 ssaursng | prueatd suyl yo aseq 243 1 ASeqRuls ssRUIENg, (ZT0T) 5 "Bunn@s puE T UuEWIRIS D UEPEIYIS 5
|9T0Z JAquBnck YIrT passaioy] fsaiEaiens-dog-soy-a5e-55aulsng-ayl/ 1B vonngreufdny syois pabfog opoaogy opuaL 5 )i7oag Moy ‘Sauas syl fo omg Jod u) saifalns dog sof asoo ssaursng ayl ‘[vToz) s aoung .
TEE-£0z dd 'g)5 “isoos aygowoisns Jo jOLor [OUONOLIEILS || SUOIN|OS PUE SSNS9 40 MEINE B PIWELLY B3 J0 3588 SU3 18 5201035 pue s3anpoud jo uswdojasep pue udisag,, ‘[EToz) “d JeysEpuEy pue v ‘uossie] “g ‘depder
16-go7dd 25 wewanpoud Jaupap Jo founer a1 B-MUoUDIE BN PUT IUBIDIS-BIIN0SES E 10y 5R0IAISS 3INP0Id,, ([ST0Z) " JSMnL ul pRYT ST ‘DEJEUEI PUE |SWEH .
“SWOIEM|qNG JBE|US3ID LI OUISIsNS DUS S55USAIAE 0T JusWdeiaAsD saes-1anpoud :adoung pic Jof sssuwsng man a00z) (5pa) 0 UBuyIEIL puE Y UEnnL .
“ASojouyasl jo synyzsu) 2Eusg 's1sayl yd ‘vonotour Wapsds anuss-1onposd Ui sAlcsgssed Jwswidoysaap aigowolsas afia1ons o funoifaiwr zToz) v ‘uosdwoyl .

"PT0Z-r00z "dd "LT°OM 6T JoA UoRINposd JauDaD fo jouwnc

JoIUsLONAUT pus Aliqusuodsay (poos slovodion ‘uawaleusyy weys 4ddns a)ge

=ns ul s=Eziens ssewedwe) uewses alie yo uoneEnsasuy) |

Ay

Isuodsay 0o sipsodio | uswsEsuEry wieyd Alddns s|geEuIEIsnS Jo 101084 S5E00NS SAQSNPU| SXIUCUIDE(I PUE SD10I3[3 SUYI wody Souspind [Exuidwa auswsEeuey wieys Addns sqge
“oc—£ dd ‘770N or jea uawsbouopy wioyd fddns foownor ¢ siepdwess 0T o saipnas 35e2 3
|2T07 sEquwsnoN YIeT pEE5E10Y) ssEUIsng-plwesid-2segq-39u sy z-Sae w21 B Y- |- ENIS-BAE-

" pphl|EJ2URS BU0W INCIABYSY 3JUBN|RUI 03 WIE UEd INg 's1oadse |ex50j003 uc pasniay puE 1anposd 1U2UUND 343 J0 UONEIS]] US S UBLO0 150U 51 51Y) "o 3|qSUIEI1SNS 310W 34 03 [INCIAEYS] J3y10 PUR) SHGEeY 535N aJuan|yul o1 53235 AZsiens sy (b)
“3|gEUIE1ENS A||BI305 S53| PUE 538 SLUO0IEQ 01 3NUIL0I ABL S2IUAIIIE 353Y1 150JE35 SLI0I30

SENCEEd VIRJA 5y IREWS|qosd A)|200s USI0 SUE Y2Iym SRIHANDE UDRIEILGE JO4 pRaU 33 seanpay (d) "p1os 51 1enpoud sug sy 3w Ayl o3 35012 5qof pais sEung SulniosinuEwIaa 1841 SWIE|D 30T 38 au3y L (U] "wiopejd gixNEy B 58 USSs 20 pINo3
52035180 SIGEUIEIEMEUN UM SULNIJEINUEWS] SNYL PUB ‘P3SN A|2pIW SWO028G $82uN05 AZIAUS S1QEmMausl S8 S|duwess 10y ‘S| EUIBIsnS SU0W SWoISg 01 52115180 35130ad 3UL 10y 31qisT0d 51 3 UBREMOH "y - SIRSIE0] 35I8AS) S0 530RdW) (W) ITTOT “12 38 Jay2aey
ul PE3 '$EET ‘PUNT) (IYPUE| 0O 3UBS JC MUNG 10U 31 sued 1eyl suesw osje 3 (1) "weys Addns 23 w uspung uceELodsSUEDY 3YL SEONPA) 0S| SIY] CS|EUB1EW MBS 3L 324030 J0 1DBN¥E 01 USA3 PUE SUNIISMNUBLL 01 Paau 3yl saaowsl sued Suisn-ay (4]
"pruzsAd 3yl o 3seq Y3 10y

uZisap ASslens Sy3 Jo SISAJEUE S I SUl Ul 3g Aay . s1pauEq AupgewElsns syl ‘prusiid aul yo ssEq 8yl sasEiel 138(oad uonEroul) (21205 Jog uSIsep B ) wepuadap 1oalosd AlEw) 150w Bg pinos Asyl pus seseyd JSYI0 SYI Ul PSABIYIE SIS S1)BUSq J
Jeajaun 511 -aseyd aSesn ayl 18 INJ30 pUE [0S ARSOW SNYL I8 SIUSUSE "SIaWnsuod SUl U0 SNJ0y UIBL 53 SBY DUE  Suiag-|jam 21205 o) SSUByD [Einomeysg 18811 Jo “Ja1em Suuup ajes 01 558308 58 YIns ' ss|gosd |B130s anjos o] sysas AZagens suy) (1)

“p-38s58000d BupEw-ucsiIap 0JUl SAIUNWLWOS [E30] pUE SOoN Bjdwexs oy 'suau o5
07 WIEYD 3NjEA 341 Jo uoiiesijenidsound-al 1o adeds uoisEp pauspeolg & ol sialjddns jo uoisnjaul ySnosyl 33USN[IUI O0F SISLUIET 1O UONINPal U 5u uod Sunpom pancadul “p g o p g-38A0EIRIU WBwWdoEsap J3ddns yBnouy ose pus wwawsSEuew
PP yEnouy Azusioiye A2iRus pus [EIWEYD TlEUSIEL SPN|DUl sajdWwEXg TUSHEL SUDRIE 3yl uo spusdsp pasiERs @njes Jenomued sy sdiysuone@s seiddns Suifeuew Ag wiEyn Aiddns suya anoyEnong suswuEesiu sonpes o s4EEs ASeaens sy (y)

*ruonEnouUl usEsws sanpoJul o1 sa0ejd 18548 paaspisuca suE plrusiAd Byl 40 3550 Y 1 slaEw padojsasp s38) 3yt uonsinids) pue singongseyul Sunste 1dnisip o3 pus
A3Uy1 58 19%IEL SUNIEW S Ul SINPoJIUI 0] JSpley a1 s3150j0Uy3a] UBS|D 5 "S[SNY [IS504 10} PUELLSP STEE.0U1 PINOD Wwawdo|anap 1312218 JaAsMOH "UOIEUILUEILOD FB1EM T55] SUSaLU UCIIETIUES JaTlaq ‘s|dwexa Jo4 "wa1shs (221801028 a4y UC 51334 1384l
anysod aaey osje Azw Auzacd Buionpada ing ‘sanss) |e2180)00 wo sn2oy 30U s2op A3aieas siy) (5] -sweishs oo ey Suideys v vonedizaed pue JuswdoEaep FouSiEdWoD [B20) o SRl Ul sERUNBedde Suisesioul 240430 PUR JUORELIIOMI O 55E008
PESERIIU] UE $1 U543 SUDIIEDIUNUILLODE|SL 831 5831AJSS PIEPUES 03 55028 Suipiacsd Ag -seovues lanpoud paseq uonuanyg 1o uoiespund s yBnouyz yaesy Sumoadun ‘spdwexs 1o -pessauppe AJ|Ednieu auE sensm AuigeuiEisns [enos ‘esodind sy3 sE
ucnanpad Auaaod g (3 samunucddo swoou Zunealn Ag pasnpal aue Al _u_m_.__mym_.._m [0S 03 S3[REISG0 [BINIDNUAS ‘S3IAIIZE 53|25 PUE Ueingiasip ‘ucianposd ‘uieys Ajddns Joy ajgisuodsad 03] awod2g piuueiid 3yl 10 35EQ 342 18 S3IRIUNWILICT UBLYp (3]

‘Binizeinuewal Jo) ufizap pue suieys Ajddns spqewelsns oy uBisap =e Yyons uswsEeuew sadzay) pasosdun 1oy s3idsyEns
uZ|Sap Yila PRUIGUEDD JI PASIER 3G 03 AjE)| 240W yanuw s12n|ea Alpigewmsisns 3y) (P spoo paudisap Auocd woly 31sem 553 oy [enusded ) auayl 'speau 513sn 1asw A[Rso iow e sSuusye 3upioad Ag [2) -2|geuisisns A|21205 553 PUB 553] SUW003g
AELW S2IIAN0E 2533 ‘SESERUIU) LORNEdUI0D PUE JB0UETS SW0IAG 532UN0sad UiBia Ty I0ews|qoid A||BD0S USYC S4B STRIMIIE UONIEIIXNS PUE “SRINANDE UQIIDRAXE 04 FESU SYI SRINPR) UORESIEUAIBWEP S1IYL (q) ; ; SULNIZIEINURW PUE S|EIISIELS MET IOy
PUEWSp PEINEad 01 pE3] ARW 3A0GE 341 40 Y303 Spood ayl 4o diysizusmo suislulew AJJEnsn 510008 40 Walsss ayl sours sonpodd jo uswaSeurw spiaay) paaoiduwi 1oy osje |EnQuaI04 “spood [Edsdyd 4o ajes ayl wou sanuaaas 2|dnoaap o1 Ayunpoddg [e]

s=njes AIgEUIEISNS U 5300U 01 Ay

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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