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Abstract: The need for understanding the context of the case company during Design for
Sustainability (DfS) implementation has been a long identified need among the researchers in
the field. Yet, studies on company context have primarily focused on studying, enlisting, and
prescribing standardized solutions for companies or clustering companies based on similarities.
Such approaches have not been able to overcome the organizational “soft side” challenges that
have been long addressed in DfS literature. This explorative paper takes insights from 20 case
interviews conducted in Norwegian and Danish manufacturing companies and with sustainability
experts and uses the concept of persona from design studies to explore the potential of defining
“company personas” to better define the context of the company. The interview analysis produced 14
dimensions, including both hitherto identified factual needs of companies and soft-side elements
required to create a company persona, thereby informing practitioners and researchers to take a DfS
implementation approach tailored to the company context.

Keywords: Design for Sustainability (DfS), eco-design; persona; case study; implementation;
industry; Nordics

1. Introduction

The need for sustainability considerations in product design and development processes has
been gaining greater acceptance in industries. One of the initial responses to including environmental
concerns in product development was termed as eco-design or design for environment [1], which
mainly had a product focus. In the past 25 years, the field went through several transitions [2] and
gradually expanded in focus to incorporate sustainability, service, and business perspectives, and
is now commonly referred to as Design for Sustainability (DfS). This transition also paved way for
academic discussion to widen the scope of DfS to include the socio-spatial context of the product design
in addition to environmental concerns [3], including service perspectives (PSS) [4] and business [5]
perspectives. Even though the concept of DfS has been a focus subject in both academia and industry,
academic reviews suggest that DfS implementation has faced a number of barriers and challenges in
actual implementation stages [6]. Addressing these challenges, a part of academic discussions focused
upon the contextual factors existing within and beyond the company boundaries that could have a
possible impact on successful DfS implementation [7]. Solutions put forward by academia to overcome
these challenges have been mostly in the form of standardized DfS tools, checklists, and matrices [8].
However, most of these solutions have failed to create desired results or have not been widely used
in industry [9]. This is mainly because most challenges and enablers for DfS implementation vary
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depending on the context of the company, and standardized solutions are less likely to be effective in
such situations [7,10].

Some studies in the DfS literature have focused on highlighting the contextual differences that exist
within companies involved in sustainability implementation [11–13]. Domingo et al. [14] presented one
such case study based on two companies where the context of the companies was characterized using a
three stage process, namely mapping the company’s business context, identifying its key development
areas, and developing an eco-design introduction plan. The characteristics identified included the
management structure, product development process in the company, environmental knowledge in
the business, strategic focus of the company, business drivers for DfS and its feasibility, and the role
of the company in the value chain. Elsewhere, researchers clustered companies into sustainability
leaders, environmentalists, and traditionalists based on their approach to sustainable development [12].
With an exception of Domingo et al. [14], these mentioned studies primarily focused on clustering the
companies based on commonalities existing in its company context and sustainability preparedness. In
a later study, to assess companies based on their sustainability readiness, Pigosso et al. [8] proposed a
sustainability maturity model for companies that looked into the level of formalization for eco-design
implementation, the capability level existing within the company, and the steps to progress to higher
maturity among others. While the maturity model prescribed an in-depth path of progression
for companies in the sustainability journey based on its capabilities and eco-design evolution, the
prescriptions were often unidirectional in nature, irrespective of the companies’ human and social
factors. Even though such an approach provides general recommendations on how companies can
progress, the authors of this paper believe that uncovering niche characteristics of the company will
complement efforts from researchers in addressing DfS implementation challenges. Thus, this paper
aims at placing itself at this conjunction between importance of company context and hitherto the
lesser-addressed “soft-side” (human and social factors) of DfS implementation.

Such a balanced approach can be seen in design literature, where designers aim to provide
design solutions that better fit to the needs of their product users by identifying the distinguishable
characteristics of the users and collectively addressing users with similar characteristics as “personas”.
User personas used in design processes provide a close description of the targeted user, his/her
aspirations, and what he or she aims to achieve from the product or service being designed [15,16].
Chang et al. [16] observed that user personas can be made for just one person in mind, as proposed
by Cooper [15], or it could be an aggregation of user characteristics of similar stakeholders that
present a “mash up” of people [17]. Drawing from this area of design research and combining it
with the aforementioned DfS implementation scenario, we assume that companies, as product users,
possess certain characteristics that distinguish them from others; and on the other hand, there are
companies that are comparable to each other in terms of their operational internal and external
contexts. If we assume this, it is interesting to attempt to identify which characteristics may be relevant
to distinguish from a DfS perspective, which dimensions they will entail, and whether—and in what
manner—those dimensions can be identified in a comprehensive manner. This is the starting point of
this explorative paper, where the aim is to gain insight into the feasibility of constructing “company
personas” from a sustainability perspective with the possibility of eventually using these personas to
facilitate choices related to which DfS tools and methods may be most suitable for that company, and
how they can be implemented best. For this purpose, a company persona is tentatively defined as an
archetypal set of characteristics of the company in functional, organizational, business strength, and
value chain dimensions, which can be used to distinguish the company it is projected on from other
types of companies or to enable it to be clustered with other similar companies. Drawing parallels
from academic and design studies on user-based (or end-user) design strategies—where the user
occupies the center stage in the design process—this paper proposes the idea of placing the company
in the center focus of academic research on mitigating DfS implementation challenges. As design
practitioners often resort to the “user persona” as a design method to facilitate user centered design
approaches, this paper investigates the “company persona” in a similar way.
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In order to better inform this process, the paper firstly presents the theoretical background of
personas from design literature and explores how this can contribute to such a discussion. Secondly,
the paper discusses the existing literature on DfS implementation that has tried to identify the different
contextual aspects of companies, and how they may influence successful DfS implementation in
companies. Finally, the literature findings are corroborated with results from 20 semi-structured
interviews carried out with seven different companies that have a DfS focus in their product
development and with four sustainability experts who have worked with DfS implementation in
companies. This paper aims to further discuss the role of contextual factors of organizations in DfS
implementation. The authors approach this case by presenting academic view points and insights from
interviews with industrial actors on how identifying and defining the “persona” of an organization may
improve development of tools, methods, and approaches for integrating sustainability considerations
in design processes. The paper thereby also aims to explore the potential of future prescriptive research
that can be placed in between generalist and customized approaches. Theoretical research is often
accused of lacking practical application potential, and general guidelines for DfS implementation may
lack relevance for individual companies due to the different contexts they operate in. On the other
hand, customized approaches (such as those based on individual case studies) may lack the potential
of generalization and applicability beyond a single context. It is our hypothesis that zooming in on
a company persona level when developing a company-specific approach avoids disadvantages that
exist on either side of this spectrum. The targeted audience for the use of such “company personas”
is mainly twofold; firstly, there are the sustainability/eco-“champions” in companies or proponents
of sustainability initiatives who can use it as a self-reflective tool in the implementation process,
and secondly, there are the scholars and sustainability consultants working towards improving DfS
adaptation and implementation in companies.

In summary, this paper explores the potential of constructing “company personas” in a similar
vein as “user personas” based on dimensions that characterize the company and assesses thereby their
potential contribution to developing tailored DfS implementation approaches.

2. Theoretical Framing

The following section presents findings from a traditional literature review [18], carried out to
explore the importance of context of the company in the DfS implementation scenario, and insights
from user persona literature to guide the discussion presented in this paper. The literature search was
primarily carried out using Google Scholar and the Scopus database. As the interest of this paper
lies in exploring user personas from a practitioner’s perspective, additional inputs from case studies
available on online webpages and blogs by designers were also included.

2.1. Persona Origin, Definition, and Dimensions

The origin of the persona as a research topic is widely found in user centered design literature
where the user is placed in the center of the design process. Alan Cooper introduced persona as a
method for designers in late 1990s in his seminal work titled, “The inmates are running the asylum”.
In the book, Cooper observes that designers often have unclear or vague ideas of the end user of
the product and are most often driven by user scenarios similar to the designer himself/herself. To
overcome this shortcoming, Cooper suggests the “goal-directed-design”, where multiple user centered
research methods such as interviews, ethnographies, etc. are combined with market research, user
requirements, and goals in order to better define the user and his/her needs [15]. For this paper,
personas are defined as user classes fleshed out into “user archetypes”, which gives the required
precision to the design activity of the designer.

2.1.1. Benefits of Using Personas

The popular support for personas comes from its advantage over scenarios due to close proximity
to the reality of the design goal and the engaging nature of personas [19]. Personas help design teams in
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thinking about users during the design process, make efficient design decisions without inappropriate
generalization, and facilitate communicating about users to various stakeholders [20,21].

Miaskiewicz and Kozar [22] used the Delphi technique to rank the benefits of using a persona
identified from literature: first is audience focus, where the end user of the product is the main focus;
second is product requirements prioritization, which regards product requirements and ensures that
the right problem is being solved; third is audience prioritization, which brings about a focus on
the most important audience; the last benefit is challenging assumptions that are often incorrect
about the users/customers. These are some of the top benefits identified in that paper. Further,
literature also observed that the creation of personas made communications in design environments
easier and more explicit. The efficacy of driving the debate and arriving at design decisions made
the technique popular among designers [23]. Political and social characteristics of users remained
mostly unaddressed in earlier design cases; however, the use of personas helped in recognizing and
challenging such characteristics [23–25]. Using personas helps to create an embodiment of the needs
and goals of the users, thus providing additional specificity and avoiding the higher level of abstraction
in the definition of the user [26].

A common application of the persona tool is observed in IT system implementations in companies,
where we could identify a predominant number of examples that tend to define the persona
characteristic of the user being targeted. Rönkkö et al. [25] identified certain characteristics for a
case company where persona as a design technique was used but failed to overcome the design
challenge. These characteristics included the demographics of the company, the field of work, their
expertise in the field, years of experience, department structure, etc. The article, however, notes that the
persona technique failed because it did not take into account the external environment of the company,
e.g., the stakeholders outside the company. Mathews et al. [21] observed that, despite its limitation, the
power of persona as a technique lies in bringing out “some irreconcilable differences between various
design stakeholders”. The authors of this paper believe that while defining the company persona,
which is explained in detail in the following sections, the definition should include characteristics both
external and internal to the company for successful implementation of DfS.

2.1.2. Creation of Personas from Design Literature

Faily and Flechais [20] identified three main steps in creating a persona; firstly, summarizing
the proposition by identifying the thematic propositions that the persona shall address. Secondly,
enumerating and explaining the characteristics identified for the persona. Finally, creating detailed
narratives of the persona characteristics and other supporting narratives.

Floyd et al. [27] identified the different kinds, attributes, and characteristics of personas based on
existing literature and case studies. They categorized the persona technique into seven major kinds
based on the detail of description, the intended purpose, and what kind of data are sourced to create a
persona. The first, classic kind of persona identified by Floyd et al. [27] is the one proposed by Alan
Cooper, which relies on in-depth ethnographic research and tries to create as many initial personas as
possible [15]. Floyd et al. [27] further observed that in the “Cooperian” style of personas, the initial
personas are developed to capture the basic understanding of user characteristics and are then merged
through analysis to arrive at one primary persona for each user kind. The final personas are maintained
throughout the rest of the design process and discarded at the end of the project. Floyd et al. [27]
classified these “Cooperian” personas into two kinds, Cooperian Initial Personas (CI) and Cooperian
Final Personas (CF).

The second type of persona is the kind used by Pruitt and Grudin, which is characterized by its
massive data driven approach, both quantitative and qualitative. The personas developed this way are
retained even after the project is completed to be used and adapted in future projects because of the
data backed approach [19,27]. The third kind of persona identified by Floyd et al. [27] is Sinha personas,
which are also data driven (primarily quantitative) but less comprehensive in comparison to the other
kinds [28]. Floyd et al. [27] further explained three other types of persona, namely ad hoc personas and
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marketing personas. The ad hoc persona is derived from intuition and experience of the designer but
is discarded after the design cycle is complete. The user archetypes are similar to personas except that
they are more generic and cater to a larger audience than the designer’s extreme user personas. It is less
precise when compared to a persona, thus also qualifies with more general information. Dantin [29]
studied the user archetypes intended for two online platforms, outlining the general public targeted
with the service and making it “elastic” [27], describing several people simultaneously.

Further, Cooper [15] noted that each human persona has a work environment, socio-economic
dimension, and demographic dimension of culture, ethnicity, or race to it. Pruitt and Grudin [23]
further elaborated on these by looking into a set of dimensions in the case example that included
goals, fears, and aspirations of the user, market size and influence, knowledge, skills and abilities,
communication, views and opinions, attitude towards the solution/product, etc. Extrapolating these
observations from the different characteristics that encompass a user persona in the company context
and perceiving companies, like humans, as “organisms” who strive for survival and recognition, it is
reasonable to assume that companies also likely possess characteristics that distinguish them from
others. In order to further guide this research on what these likely company characteristics could be
in DfS context, Section 2.2 elaborates on research findings from earlier studies that looked into the
contextual issues encountered during DfS implementation in companies.

2.2. Design for Sustainability Implementation and Relevance of Company Context

As stated in the introduction, academic research on DfS increasingly acknowledges the need to
address the overall socio-organizational context of the company in addition to the technical details
that DfS projects demand [30–33]. These include the change management perspective for eco-design
implementation in companies [33], company characterization based on the business features for
eco-design activity planning in companies [14], and managerial motivations behind sustainability
activities [12], among others. Companies need to emphasize their communication structure, their need
of cooperation between companies, the alignment of needs and expectations between proponents
and executors, and the need for the establishment of market demand for DfS products in addition
to focusing on the technicalities of the products [34]. Lack of integration of DfS and corporate
strategy [8], difficulties in defining and planning the activities for DfS implementation, and challenges
in prioritizing the eco-design practices in companies [35] also add to these barriers. Companies
often need strategic visions and policies with an accompanying viable business case to prioritize and
drive integration of DfS in its product development activities [12,30,36]. Research has also shown
that senior management should ably support DfS initiatives by performing regular follow ups [37],
making compulsory contributions in terms of guidance and resources [14], and providing flexible
environments that promote innovation on sustainability topics [38].

Further, researchers who studied the external environment of a company and the role of
stakeholders from a sustainability implementation perspective identified the need for stakeholder
involvement and management of the stakeholder relationship, both internally and externally [39,40].
Engaging with external actors on sustainability topics can provide a great learning experience for
companies [5] and increase the feasibility for such projects [37]. Internally, it is important for companies
to align DfS initiatives with overall product lifecycle management to encourage participation from all
departments [41] and thereby garner clarity in the DfS implementation process [42]. Dealing with seven
“sustainability blunders” that companies usually commit in eco-design implementation, Doppelt [38]
opined that ways of organizing sustainability strategy teams and ensuring alignment in the vision
and activities of the teams are the first steps to creating a sustainable enterprise. Companies also act
as communities with their own aspirations, ambitions, beliefs, and hardships in different contexts,
thus warranting differential treatment [43]. The DfS activities they undertake need external stimulus
for generating a consistent demand for sustainable products. This should be integrated in the actual
project management process within the company in order for it to be successful [30,37]. Johansson [31]
also mentioned the need for regular and recurring environmental assessment in all stages of the
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Product Development (PD) process. In addition, a number of other factors existing within and beyond
the company boundaries—such as the position in the value chain, and its influence or capability to
integrate, collaborate, or negotiate higher or lower in the hierarchy of the value chain—may also affect
how DfS implementation can best be approached. Elsewhere, while studying the role of resistance
against sustainability and internal communications in sustainable design implementation in companies,
Verhulst and Boks [33] highlighted the need for different communication styles that inform, support,
and involve the employees of the company. Parallel to the discussion on the “soft-side”, there has
been significant research focus on DfS tools and methods, which have been primarily quantitative in
nature but with a few exceptions of semi-quantitative or qualitative tools [44]. However, the uptake of
these tools is marred by the need for specific knowledge to use and understand the results [31], the
oversimplification of certain results [44], the overwhelming number of tools to choose from [8], and
the lack of envisaged market opportunities for eco-design products [45]. Hence, it is evident that most
often, the “off-the shelf” solutions such as Life Cycle Assessments (LCA), design matrices, design for X
solutions, checklists, and tool-based prescriptions offered to DfS challenges are likely to be ineffective
or at least insufficient without a customized implementation plan.

Thereby, these factors that exist within the company context and have an established influence
on the DfS implementation scenario in companies, as summarized in Figure 1, warrant attention
from the researchers working to improve a DfS implementation process. Personifying companies and
approaching these contextual factors as defining characteristics of companies underlines the hypothesis
presented in this paper that companies, when seen as customers for as users of a DfS implementation
strategy, can be represented by personas. Relating this to characteristics stated in Section 2.1, there is a
clear connection between how these different factors of company context can be employed under the
persona methodology. The following sections present the insights from empirical data collected and
data analyzed to further explore this understanding.
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3. Research Method

The research methodology adopted in this paper is outlined in Figure 2. It was inspired by the
case study approach presented by Yin [46] and Cassell and Symon [47], which began by framing the
boundaries of the case, collecting the data, analyzing the data, and leaving the case study by relating
the findings and their implications to the existing body of knowledge.Sustainability 2019, 10, x FOR PEER REVIEW  7 of 28 
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3.1. Case Interviews

The sixteen case interviews were carried out in seven Norwegian and Danish manufacturing
companies that had a sustainability focus in their product development and clearly outlined
sustainability goals in their official communication in the form of annual financial and sustainability
reports. There is no prescribed number of cases that should be included in a case study research, but
having four to ten cases is advised [48]. The companies were selected on the basis of convenience
sampling, either through earlier established contacts with companies, or based on accessibility to the
case with limited resources and within the time frame [49]. However, the companies were listed based
on predefined criteria that looked for manufacturing companies based in Scandinavia, companies
with existing DfS focused products in their product portfolio, and companies with in-house product
development activities. Thereby, the seven companies interviewed in this study present a homogenous
sampling of companies with certain specific characteristics [50]. Additionally, four interviews were
carried out with sustainability experts in the field of eco-design implementation for validating the
findings from case companies. Among the interviewees from the case companies, seven respondents
and their departments were directly involved in sustainability activities to a large extent as part of their
work. Among the other departments that were represented in the interviews, product developers and
project managers formed the next biggest group. The functions of other respondents varied between
communication directors, EHS (Environment, Health and Safety) personnel, and R&D managers.
The details of the respondents and case companies are further detailed in Table 1. The interviews
were aimed at corroborating the literature findings and enriching them with real case experiences of
implementing sustainability strategies in the product development and with statements of how the
company context influenced the overall implementation process. Given the explorative nature of the
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study, semi-structured interviews were a judicious choice [46]. The interview questions were aimed at
eliciting insight from the respondents into how DfS was implemented in the product development
activities in the company, which factors in the company context influenced the implementation process,
and how interactions within the company and between the company occur regarding the external
actors on sustainability issues.

Table 1. Interview respondent details, case company background, and number of interviews.
EHS = Environment Health and Safety, R&D = Research & Development, CR = Corporate
Responsibility, PM = Project Management.

ID
Company/

Respondent
Group

Industry
Major

Business
Region

Number of
Interviews

Respondent
Background

A Pouch Medicare
supplier Global 3

A1: EHS
A2: EHS
A3: PM

B Microbes Biotechnology Global 1 B1: Sustainability

C Watt Renewable
energy Global 2 C1: EHS

C2: EHS

D Wood Construction Global 2
D1: Sourcing
D2: Product
regulations

E Vitamin Health care Scandinavia 2 E1: Communications
E2: Sourcing

F Food Consumer
Goods Global 2 F1: EHS

F2: CR

G Soap Personal Care Scandinavia 4

G1: R&D
G2: R&D
G3: R&D

G4: Marketing

SE Sustainability
Experts - - 4

SE1: Consultant
SE2: Consultant
SE3: Researcher
SE4: Researcher

In order to further complement the data collection process and enrich the information gathered
from case company interviews, we used an interaction mapper (Figure A1) that was designed to
help the respondents graphically organize their thoughts, thus overcoming some of the commonly
identified challenges in interviews such as losing the context of an answer [51], having difficulties
verbally communicating one’s ideas [52], and factually disconnecting what they say and what they
mean [53]. As can been seen from Figure A1, the map consists of five different boxes for actors, the
central actor being the interview respondent and the four other boxes marked as Actor 1, Actor 2,
Actor 3, and Actor 4, which denotes the departments or entities (external and internal) of the company
with whom the respondent interacted during a DfS project. The points listed under “Organizational
Persona” were used to guide the respondent on formulating their responses. While using the map, the
respondent was asked to identify a set of actors that their department interacted with when it came to
a DfS implementation project. Then, they were asked to pick two to four major actors and highlight
the different factors that influenced their interaction with those actors during the implementation
process. The identified actors included personnel, departments, project groups, different management
positions within the company, suppliers, competitors, and customers. Post-its were used to note the
observations made by the respondents regarding the factors that influenced their interactions.
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3.2. Interview Analysis

All authors of this paper curated the interview questions jointly, and two of the authors carried out
the interviews. Each case company interview lasted between 60–90 min. The interviews were recorded
and transcribed using the qualitative data analysis software NVivo. As stated earlier, a combination
of both deductive and inductive approaches [54] was taken while analyzing the data. Contextual
factors of companies that influenced DfS implementation, as presented in Section 2, were probed for in
the deductive part of the coding activity. Additionally, factors that emerged from the interview data
were coded and analyzed in the inductive approach. The coded entities included words, phrases, or
complete answers to interview questions that had key elements pertaining to the company context
and its influence on the DfS implementation process. The results of the coding process are presented
in Section 4.

4. Interview Findings

The factors illustrated in Figure 1 were used as points of departure in exploring the different
possible dimensions of a company persona from the interview data. Based on this, 14 different
dimensions were identified as relevant while defining the characteristics of a company persona. As
can be observed from Table 2, the inductive approach from factors identified in Figure 1 and the
deductive coding approach of the interview data showed a certain trend in the characteristics of the
dimensions, namely factors that were partly or fully influenced by happenings/relations external
to the company and factors that were solely by the company’s own function and style. Drawing
inspiration from philosophy and metaphysics literature, these were categorized as extrinsic and
intrinsic characteristics, respectively.

In philosophical studies, ascription of extrinsic characteristics to a product or entity is not entirely
about the product or entity. Rather, it may well be part of a larger context in which the product or entity
exists as a part [55]. In our context of companies, this could include factors external to the company
that influence the company’s activities, such as product offerings, value proposition, and strategies.
Contrarily, a “sentence or statement or proposition” that ascribes intrinsic properties to a product or
entity is entirely about that thing [56]. In our context, this translates to the internal organization of the
company, the DfS implementation process, and the functional goals to DfS, among others. Some of the
factors identified during the literature review in Section 2 were found to have different manifestations
in the actual company setting and were therefore constructed under different dimensions in order to
define the company persona better. For example, the role that senior management has in relation to
DfS implementation and the approaches they take (or do not take) to materialize their visions (if any)
were some of the important factors mentioned in the literature reviewed. Analysis of the interview
data revealed the different possible implications of senior management in practice, such as Board of
Directors (E1) and History of the Company (E6). Sections 4.1 and 4.2 explain how these 14 different
dimensions—under extrinsic and intrinsic characteristics—were identified from the interview data.

Table 3 presents an overview of each dimension matched against the case companies where it was
found to be an influential contextual factor in DfS implementation. These are marked as “x” in the table.
Further, the final column of the table corroborates these findings with the inputs from sustainability
experts (SE) who, based on their experiences working with companies, identified the most influential
factors in a company involved in DfS implementation. As can be seen from Table 3, the identified
dimensions have a certain level of interconnectedness among them. This is primarily because the
company persona is a reflection of the company context, and the context is often dependent on factors
that are important on their own, yet the context is also influenced by other factors of the company.
For example, a company’s strategic focus, product offering, and company history influence its market
conditions. Hence, the results presented in the following sections are an outcome of a coding process
that looked for such factors, both independent and dependent, in defining the company context and
should be read within this context.
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Table 2. Description of the dimensions identified from the interviews categorized under extrinsic and intrinsic characteristics. E = Extrinsic and I = Intrinsic.

ID Source of Dimension Dimension Description

E1 Deductive Board of Directors The role of ownership and decision-making bodies in the company.

E2 Deductive Value proposition of the company The main value offered by the company through its activities, which could be
consultancy, product, PSS, or service.

E3 Deductive Drive of the company on DfS issues The major driving factor in the company in the form of cost, Corporate Social
Responsibility (CSR), legal compliance, philanthropy, or total sustainability.

E4 Inductive Strategic focus of the company The extent to which sustainability is part of the company’s defined strategy
and how it is emphasized in the decision making process in the company.

E5 Inductive Market conditions The market readiness, regulatory needs, demand for sustainable alternatives,
existing and possible collaborations with actors in the value chain on DfS.

E6 Deductive History of the company
The traditional business experience and values that influenced sustainability
activity in the company such as existing product offerings and ownership
focus on niche business areas that contribute to sustainability.

E7 Deductive Risk sensitivity Willingness of the company to prioritize experiments, launch DfS products, or
take actions leading to sustainability goals while disrupting the status-quo.

I1 Inductive Senior management approach to DfS
The steps taken by the senior management of the company in establishing,
realizing, and supporting activities which contribute to the overall
sustainability strategy of the organization.

I2 Inductive Organizational constitution The way the departments, personnel, and functionalities are organized within
the company and DfS projects executed.

I3 Inductive Degree of formalization in DfS
implementation

The method in which DfS focused projects are conceived, planned, and
implemented with or without the aid of formalized processes such as stage
gate models or eco-design tools.

I4 Inductive Sustainability understanding
Extent of sustainability awareness/perception in the company and the
manner in which it is/is not being incorporated in the company’s activities at
both individual and group levels.

I5 Inductive Sustainability definition The way sustainability is defined, communicated, and operationalized in the
day-to-day activities of the company.

I6 Deductive Functional goals in DfS
Realization of sustainability goals of the company through targeted steps
(leading to direct sustainability benefits) or rather incremental improvements
in activities (leading to indirect sustainability benefits).

I7 Inductive DfS chaperoning The anchoring and leading role that drives sustainability in the company in
the form of sustainability champions and departments.
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Table 3. Overview of persona dimensions as identified as influential factors in case companies and as experienced by sustainability experts. Dimensions that were
identified to be significant in the companies’ DfS implementation context are marked as “x”. E = Extrinsic Characteristics, I = Intrinsic Characteristics.

ID Dimension Company A Company B Company C Company D Company E Company F Company G Sustainability
Experts

E1 Board of Directors x x x x x x
E2 Value proposition of the company x x x x x
E3 Drive of the company on DfS issues x x x x x
E4 Strategic focus of the company x x x x x
E5 Market conditions x x x x x x x x
E6 History of the company x x
E7 Risk sensitivity x x x x x x

I1 Senior management approach to DfS x x x x x x
I2 Organizational constitution in DfS x x x x
I3 Degree of formalization in DfS x x x x x x x
I4 Sustainability understanding x x x x x x
I5 Sustainability definition x x x x x
I6 Functional goals in DfS x x x x x x x
I7 DfS chaperoning x x x x x
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4.1. Extrinsic Characteristics of the Companies

4.1.1. Board of Directors

Following our interviews with the SEs in the field, a prominent extrinsic characteristic that was
identified by all four SEs was the role of the Board of Directors, especially in the context of medium
and small-scale companies that are often family owned or partly owned by the workers. In such
companies, SE1 and SE2 opined that DfS implementation in companies is a decision making process
that necessitates larger commitments in terms of resources and time for the implementation process.
Convincing the Board of Directors in most companies SE1 and SE3 worked with was the first step in
establishing a sustainability strategy in the company. However, this characteristic was not evidently
observed in the first cycle of coding case company interviews, primarily because they were all large
companies. Nevertheless, following the observations from the SE interviews, the case company
interviews were explored again for this dimension in a second cycle of coding, resulting in the findings
presented below. For example, Company D, being a family owned company, had certain instances
were family ownership roots of the company played an important role in sustainability issues, as can
be seen from the quote below:

“Our stakeholder is a foundation that owns us and the family that established the company. And,
as long as they agree with what we do, we are able to (sic). Moreover, we are economically sound
company and we can put investments in to things we like to invest in. Of course we don’t have, I
mean there are limited amount of money, but if we say, we want to do this and it is agreed upon
by our board, we can go ahead and do it. Therefore, in that sense we are very fortunate and I know
that the son of our founder he is not active in the business. However, he is very keen on these issues
(sustainability). Him being there on the backseat somewhere, still overlooking what we are doing, that
is also a big driver for us. And that is the charm of being in a family owned company as well.”

(D2—Wood)

On the other hand, other larger companies, such as Companies A, B, C, and G, had the senior
management (including the CEOs) as the more prominent decision making entity when it came to
implementation of sustainability in product development.

4.1.2. Value Proposition of the Company

Companies tend to focus on different value propositions in their activities, which range from
Product-Service Systems (PSS) to consultancy services. The nature of this value proposition is another
important factor that helps define the context of the company. As all seven case companies were
manufacturing companies, their biggest value proposition was the product itself. However, as could be
observed in Companies A and C, the product itself could connote different priorities for the company.
In Company A, the product was intended to provide the best user experience for the customer and
had user comfort as a priority:

“No, it (sustainability) is not a main part of our strategy, the main part of our strategy is to make it
easier for our users. Actually, we have our mission, vision and values here. And this is really, what is
important for the company. It is making life easier for people with intimate care needs.”

(A1—Pouch)

For Company C, in the renewable energy sector, the priorities were the efficiency of their product
and the indirect sustainability benefit emanating from it in the form of lower cost, less wastage, easier
transportation, and better functioning of the products:

“And you would see that we stand out looking into eco-design or what we found out is that development
in our industry is driven by the levelled cost [ . . . ]. So all we do is to minimize the cost and we do
that natural thing in PD is to have less material because you need to buy that transport that, service
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that anything. So, that is the cost that every time we put a kilo on there is a cost associated with that.
So Eco-design is not implemented in the way it is in some other businesses. Because [ . . . ] setting
targets will be outdated in 2 years times because our engineers outperform the targets that we dare to
set for them.”

(C1—Watt)

Whereas consumer goods manufacturers like Companies E, F, and G focused on maintaining
their performances with successful products, which was followed by introducing new sustainable
alternatives or improving the existing products with respect to sustainability. Company B and
Company C had more B2B (business-to-business) contexts, and the value propositions were quality
products with certain indirect sustainability benefits, such as lower energy consumption and longer
durability while using their products.

4.1.3. Drive of the Company on DfS Issues

Another significant extrinsic characteristic of the company identified was the drive of the company
in sustainability activities. The case companies interviewed were invariably focused on the prices of
their products and ensuring compliance with the legal requirements. Given the nature of the industry,
the cost factor was more prominent in consumer goods companies such as E and G. Company E had
strong influence from competition, making it more wary of the costs involved in the products, as can
be seen in the following quote:

“But most often, if they (marketing and supply chain) don’t find it most relevant for the consumers or
so, it might be that it costs, and if we should really do that. But, if it is something that we have to do
anyways (compliance), that is not part of this. This is more kind of questions where you actually have
to go one step further. These kinds of projects I am talking about (that are not the common ones).”

(E1—Vitamin)

While in Company G, sustainability was very much linked to how it translated to increased sales:

“I think you can see that for management sustainability is important part. But if the link to that is to
increase sales, it is a longer link. So, to be able to see that link, I think is important and we felt the link
tougher than may be how they have seen it.”

(G2—Soap)

At Company D, even though cost was the most important driver in the company, there were
certain product development projects under process where the sustainability (in the form of material
and energy consumption) was prioritized over other factors:

“Many of our PD projects have energy performance as their only focus and then you have quality,
delivery, price and then you have some market relevance like color, sizes or whatever. But energy
performance is the main in eco-design. And that is formalized very much so. We have colleagues in
R&D dept. who work on it.”

(D2—Wood)

In addition, other major factors driving companies on sustainability were identified from the
interviews with experts—namely philanthropy (SE 2), CSR initiatives (SE3, SE2), compliance with
legal and regulatory norms (SE1, SE3, SE4), and total sustainability in its activities (SE4, SE3). None of
the case companies were found to have an existing total-sustainability agenda.

4.1.4. Strategic Focus of the Company

Defining a clear sustainable strategy often helps companies in prioritizing DfS activities [29].
However, the interview results show that defining such strategies could range from general statements
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to setting clear operational goals in the day-to-day functioning of the company. Company B was
observed to have clear goals and targets on sustainability topics and ensured that these were followed
up at each stage in the company’s product development process. Such an approach helped the company
in prioritizing sustainability issues and in decision making related to product development practices:

“I do think that it is the right approach (to have strategic focus). Because, if it is not a top down, it is
really hard. It is really hard to go bottom up, I can tell you from experience. Of course you can try to
push in the doors, but without management commitment. [ . . . ] So, if you are not being told that
this is your target and this is your agenda, you need to make sure that you develop some sustainable
product or you engage customer on these topics, you won’t prioritize it.”

(B1—Microbes)

Whereas Companies E and G had sustainability goals and targets, as communicated from their
corporate level, and needed to translate those to match their product development activities. This
translation often needed more resources to tailor the corporate level strategy to the company level:

“I think the key is the understanding and strategic planning for this, it is what is lacking, for us
because we have worked on and have launched just before summer our sustainability strategy which
said about where we are going. So when we have a structure which says about where we are going,
you can all go in the same direction and make tools and good goals for going in that direction. In
addition, that has been lacking last years. So we didn’t know where we wanted to go and it is hard to
get funding when you don’t have a plan and a reason for why you need it.”

(G2—Soap)

The interview results also showed that certain companies could spend considerable time and
resources in developing a consensus around the sustainability strategy of the company, as was the
case with Company F. This mutual understanding of setting sustainability targets and goals helps
companies incorporate them more systematically into each department’s activity and overcome the
challenges associated with sustainability understanding in the company, as highlighted in Section 2.
Such an approach to sustainability strategy also equipped Company F to provide general guidelines to
its departments—rather than rigid structures—thus providing the latter with sufficient freedom to
operationalize the sustainability strategy as per its context:

“First solution was to develop the sustainability strategy. Which we did through a very thorough
process. I think we actually spent 1.5 years on this strategy process. We involved of course all the
functions, but also all the key persons in the companies. So then, the strategy was sent to be approved
by the board of directors. So then, when we had agreed on the targets, it was easier to go with a specific
agenda to the management teams of the business areas of the companies.”

(F2—Food)

Another company characteristic observed in sustainable strategies was how the business context
of the company influenced the priorities of the company in relation to sustainability topics. Given the
unique customer base of Company A (mostly patients with serious illnesses), despite acknowledging
the need for more sustainable product solutions, the company had a clear focus on prioritizing the user
experience above all the other aspects. Such a focus also awarded Company A a formidable position
in its market:

“And I think that (sustainability strategy) basically boils down to what you think. I think the major
part of the work we do here, is because, we like to make people better and help them the best we can. So
that will basically change what you are doing. On the other hand, we are looking to substitute some of
the worst candidates away. On a long term.”

(A3—Pouch)
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4.1.5. Market Conditions

As all the interviewed case companies were manufacturing companies, the market conditions
surrounding their product offering were found to have strong influential roles in the DfS
implementation process that was adopted. Companies such as E, F, and G experienced a strong
pull for greener products from their customers, necessitating changes in the product portfolio of the
companies. Another aspect observed regarding market conditions was the strong role that marketing
and sales departments play in highlighting and driving new initiatives in companies. As the marketing
department forms the interface between the company and customers, they have a bigger say in project
meetings. In Company G, the marketing department was always the project manager in all product
development projects:

“I work closely with them (marketing department). So, at the moment, they have, they see the need in
the market and there is the white spot on sustainability. So for them also to, they are very enthusiastic
when you are presenting solutions to them. Moreover, I think it is good communication that makes it
also easier and I have worked with marketing so I see also their struggle. I know what they are facing
and what they need in a way.”

(G2—Soap)

In certain other company contexts, such as in Companies A and B, the utility and efficiency of
the product was most demanded for, and the product development activity was fine-tuned to ensure
that those issues—as flagged by their respective customers—were addressed. This included better
durability of their medical products, ease of use and disposal, ensuring high quality, and ensuring
a low risk of product failure in the case of Company A. Similarly, in Company B, such demands
translated to adaptive solutions in biotechnology that could be used for the specific needs of customers
(companies), such as lowering energy requirements and increasing the efficiency of the end products.
Such requirements necessitate that Companies A and B choose suppliers that can ensure a sustained
supply of raw material for a long term over smaller suppliers that can supply sustainable alternatives:

“Always this high in (product development) process is the (importance of) whole supplier demand.
As in, we would like to have materials that can be readily sourced, so if it is more likely to have more
sourcing options, that could also be one way that we say, OK, there is potentially an environmentally
better option here. But if it is only a small supplier and it is only one in the world, whereas there are
two large suppliers that can supply us, we might actually decide to go with the one and based on the
fact that we would like to have the steady supply of materials.”

(A3—Pouch)

Another important market condition that was observed in Company D was the high price
competition that exists in the construction industry. Thus, the customers of Company D had more
alternatives to choose from, making them more conscious of the price rather than the sustainability
credentials of the product. Therefore, the company must look for more sustainable alternatives without
increasing the price of their products to a level that is unattractive to the buyers:

“I had actually some workshops with our market people here and it’s not that our market (is green
conscious), that our way of selling things is not really (based on) a green stamp or a green swan. It
(eco-labelling) is not anything that can bring our sales up or can justify a higher price. If you have two
products and the price were the same, then the customer would choose the one with the green stamp.
But the customer from our market sales’ perspective, our feeling is that customers are not willing to
pay (extra) for a product with a green stamp.”

(D1—Wood)
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4.1.6. History of the Company

A few of the interviews highlighted how the history of the company was a factor in the
sustainability activities of the company. At Company C, the primary business model is to develop
and deliver products that cater to renewable energy production. The indirect benefit stemming from
this business, according to one of the respondents, is greener energy in the world and a lower carbon
footprint. Thus, the historical trend existing in the company has been to make its products more
efficient in delivering more energy output in the use phase of the product:

“It’s (eco-design) already happening without it being called eco-design or before we are setting targets
specifically to reduce waste. Coming in from a cost-target perspective in getting this level-ised cost of
energy down and somehow our product is being innovated in ways that also have an add-on benefit
for the environment (green energy) so there is not the need to do these eco-design projects (specifically)
because so much is already happening.”

(C1—Watt)

Similarly, at Company D, the product offering has helped in improving the indoor living quality
of commercial and residential buildings. A focus on improving the indoor living quality has been a
primary focus of the company right from its beginning, translating indirectly to sustainability benefits
for the end user of its products. Such an approach encourages both Companies C and D to further
work on the technicalities of their product. However, it does not necessarily create a need to reduce
the footprint of the production process or to look for more sustainable raw materials in the product
development process:

“It (Sustainability in Product Development) depends a little bit how you look at it because if you say
eco-design project, we have a lot of focus on the properties of our product. [..] So in that terms we have
a lot of focus on the eco-design if you look at it in the way that we produce products that will save
energy in your house so it’s a little bit how you look at it because that has a great focus through the
whole project. So, that’s my point and it is the whole idea about our products actually so that is a very
natural thing that is the driver (for DfS) in our products.”

(D1—Wood)

Interestingly, as mentioned in Section 4.1.4, at Company F, the focus on sustainability is rather
recent and the company is working on operationalizing its sustainability strategy. Nevertheless, as
pointed out by one of the interview respondents, the presence of harmful chemicals and hazardous
raw materials necessitated that Company F look for safer and more consumer friendly alternatives
before establishing a sustainability strategy. This underlines the relevance of company context and
history when considering product offerings and sustainability issues:

“We have a long history of product development to reduce their environmental impact. So that is
not something that is new to them (and has existed before the sustainability strategy). And earlier I
guess, it has been the Product Development Department. or a similar department like it (that had an)
important (role) in putting this on the agenda.”

(F2—Food)

4.1.7. Risk Sensitivity

Risk sensitivity was another important topic discussed during the interviews. The interview
analysis showed that risk sensitivity of the companies related mostly to the external environment
of the company, specifically in relation to its responses when compared to competitors and market
conditions. Consequently, risk sensitivity is an extrinsic characteristic in the company persona. The
case companies tended to take a “watch and replicate” approach when it came to launching new
DfS products in their markets. Some of the respondents identified the following reasons for such an
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approach: the inherent risk of losing their existing customer base, the huge initial investment involved
in developing and marketing new products over existing ones, and the lack of short term returns or
results. This is very rightly reflected in the following quote from Company D:

“But when it comes to doing something new, taking risk, adding cost, the answer is no [ . . . ] So that
is why it’s complex. It is not like a problem because they (senior management) are very supportive.
The management really wants to do the right things, also about thinking green. But it’s always a
balance, and uh a balance of risk if you go into new things, new materials.”

(D1—Wood)

Further, the companies were also concerned about the long-term investments the project needed
and the risks involved in being the first mover on environmental issues and investing in DfS:

“This project “X” we had, that was with a lifetime of 30 years, which is very long, and that was why
that fell to the ground, because OK 30 years, we don’t know whether we would have those sites in 30
years. So, that was way too long. So, I think if I can come up with a project with a payback time before
2020, I think that will go through, but that is not the case at the moment.”

(A1—Pouch)

“That is how we see it and we don’t have to be front runners and sometimes that is a good when you
are looking at environmental issues. Because it can be very expensive to be the front-runner. Moreover,
when you are doing projects/products that have a long lifetime. Like, you don’t want to put something
in your home that might damage in half a year right? It is expensive; you do not buy that many
products in your lifetime.”

(D2—Wood)

Consumer goods companies such as Companies E, F, and G often based new product launches on
their ongoing product development processes or looked for successful solutions from larger players in
other geographic markets in the rest of Europe and the world. These observations from the interviews
point to the need for evaluating the risk-taking nature of the company while also understanding its
context from a DfS implementation perspective.

4.2. Intrinsic Characteristics of the Company

4.2.1. Senior Management Approach to DfS

The way the senior management in the companies approached the topic of sustainability was
found to have a meaningful impact on the whole implementation process. All the case companies
that were interviewed invariably acknowledged the need for sustainability in their activities and
mentioned that their senior management also held similar views. However, this commitment from
senior management towards sustainability implementation was observed to be different in each of the
companies. While some of the case companies already had very well established positions in senior
management that focused on sustainability activities, others had it embedded with other management
responsibilities, presented as a sub task for the EHS department. At Company F, the sustainability
strategy was developed in close association with the senior management, which made anchoring the
sustainability activities much easier in the group and the business units under it:

“They have used time to develop their own sustainability strategy so I think is has been a very good
process together with them and the whole management team involved with the work. It has been much
better anchored with the management team.”

(F1—Food)

While at Company A, given the nature of its products and its priorities of providing better service
to their customers, the management often prioritized using the best material possible for their products,
and sustainability was only indirectly prioritized in the product development process:
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“But in the end, if your alternative gives a less good user experience, then you have to prioritize
between what you are doing...so in that sense, that is why I said there is a lot of conflicts. Because
we have these kind of situation (market case) and as long as we are within the boundaries of what we
are doing, are we use rules and discuss with our colleagues that we do the correct choices, or the best
choices, then basically they are OK with that.”

(A3—Pouch)

Not having the necessary senior management support and follow up often made it difficult for
companies to proceed with the implementation of sustainability aspects in their products. This also
meant that the senior management needed to be updated on the changes being implemented and how
they delivered economical and environmental returns to the company. A case example from Wood can
be seen in the following quote:

“By the end of 2014 we started the analysis [ . . . ] and we addressed assessing Circular Economy
(CE). Our management group, they are like, 6 of them I think, half of them forgot what they had
approved. So they were like... NO you shouldn’t do CE and we had a lot of a big hurdle to get this
analysis started. So, it (the senior management) was a very complicated group to handle because they
are management, they have a lot of opinions, they are very fast. They don’t have time to actually sit
down and listen to context or... On the other hand, if you don’t have their acceptance on what you are
doing, you will get nowhere.”

(D2—Wood)

Further, some of the senior managements were strongly driven by “the global sense of economics”,
i.e., unless there was a clear business plan for any investment being made on sustainability topics, it
would be hard to prioritize DfS in the company’s activities. These observations definitely underline
the importance of understanding the role and attitude of senior management in sustainability topics in
a company while trying to define its company persona.

4.2.2. Organizational Constitution in DfS Activities

Another important extrinsic dimension observed from the interviews was the way people
and departments were organized in the company. Some of the case companies had sustainability
departments that oversaw all sustainability activities in the company, whereas others had sustainability
as part of the R&D department in the company or embedded in the EHS department. Having a
complete overview of sustainability activities helped companies push for the changes needed in
product design and development more easily than when it was just an additional task within R&D or
EHS. At Company B, the sustainability development group that was anchored as part of the senior
management oversaw the sustainability activities. This bridged the communication gap between the
sustainability activities in the company and the strategic decision making process happening within
the senior management of the company:

“I think that (to be anchored within senior management) has been an advantage, allows us to work
across. Which is really super important. I don’t really know where else should we be really anchored.
Of course, I would think we could be anchored in project management or in marketing. But that
would make it more difficult for us to work across the depts. Like in any environmental/ sustainability
department, we need to work across.”

(B1—Microbes)

Company G had a very top down management style where the decision making was time
consuming and the lack of overview and absence of a sustainability department often made it difficult
to communicate the importance of different sustainability actions to the management:

“Yeah, that (department constitution) is one thing and also we are quite hierarchical (sic) so, every
decision takes a lot of time. Moreover, when we are trying to have, for example. sustainability strategy,
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we would need a budget and when it takes may be 4 months before you get an answer whether we can
have the money or not, because it is all this layers.”

(G1—Soap)

At Company F, the senior management provided guidance on sustainability matters to the
different business units below it and thus followed a decentralized structure on DfS implementation:

“Then it is a decentralized structure. So I, don’t have authority, we don’t want to be normative.
Nevertheless, we want to inspire, guide and discuss with each companies’ management team. But at
the end, what a unit does will be decided by the management team of that company. So in order to
implement the sustainability strategy, there is a need for all of these departments.”

(F2—Food)

At Company C, the flat cross-functional teams collaborated closely with each other on DfS projects,
making it easier to learn from each other and communicate the expectations from projects among
themselves more effectively. Such a flat structure of project teams also helped the company bridge the
communication gap between project teams located at different offices of the company:

“You have a directional system for products, for marketing, for manufacturing and in those directional
systems you have managers that go across different functions to coordinate. So of course we have a
hierarchy, but we don’t have to go up and then go down to get a decision from the management. We
can go directly from our department to another and say, well because this and that we have to do like
so. So, it is a flat structure.”

(C2—Wood)

4.2.3. Degree of Formalization in DfS Implementation

Researchers earlier mentioned how the level of formalization can influence DfS implementation
in companies [31,57]. The interviews showed that each of the case companies approached DfS
implementation differently. A major distinction can be drawn between the formalized and
in-formalized approaches to DfS implementation. Stage gate models, checklists, feedback loops, and
additional tools (such as LCA in the PD stages) supported the formalized approach. Setting general
guidelines and requirements, ad-hoc measures, and client dependent evaluations of the product’s
sustainability characterized the informal approach. At Company B, LCA was used early in the product
development phase to provide a rough estimate on the environmental impact of the product and later
again in the stage gate process to evaluate the actual impact of the process. However, these steps are
also client dependent in some cases, and the respondent mentioned the need for ensuring that it is
followed in all project teams unanimously:

“We have a much formalized process here, so called stage gate model. The development projects are
being set up that way all. [ . . . ] LCA is integrated in that process. We have two entry points, one
at the very early stage. [ . . . ] As soon as the concept is ready in early stage, we usually enter into
the project and try to make these initial assessments. Because already at an early stage it could be
beneficial for the project to know if we have a very good sustainability story here? But once we had
identified in the early stage that we have some sort of sustainability benefits, then we can pursue these
during product development and make sure that we collect wide range of LCAs to take place towards
the end (of stage gate process).”

(B1—Microbes)

Meanwhile, respondents from Companies E, F, and G mentioned a more informal approach to
DfS implementation. As mentioned earlier, Company F had a practice of providing guidance on DfS
projects rather than strict structures for the implementation process. The respondent also mentioned
how they provided support on LCA for the company’s units who wanted to carry out an analysis
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based on the sustainability guidelines provided to them. As Company F was in the early stage of DfS
implementation, this need-based approach was a good start for the company, rather than enforcing
eco-design tools for all projects:

“It’s like setting the directions for the company, giving guidelines or giving requirements from senior
management to over units (sub-business units) and how to work with and what we mean should be
in place. It is like setting the directions for them, giving guidelines or giving requirements from the
senior management to over organizations and how to work with and what we mean should be in place.
Yeah there have been questions from some of the units about doing like life cycle assessment. That’s
where I have been involved to support them in how to do this, to find out how to do it, could there
be someone that can support them and to understand more the theories behind using those types of
tools.”

(F1—Food)

At Companies E and G, the respondents observed that there was a need for eco-design tools and
methods, as well as a need for competence within departments to use it. The companies were in the
early stages of their sustainability journeys and found it difficult to operationalize their strategies
without sufficient resources in the form of tools and methods:

“No tools or any standard formula, we don’t have it. We are not that far, we want to be there. I
hope we come there. We started that discussion what should be our main setup, if to be honest every
single project should include one or another element where we take care of sustainability. It might be
environmental, health or combination. But we are not there today, but we have several projects going
on having environmental elements.”

(G3—Soap)

“As it has been so far, it has been mostly about convincing the right people, but what we want to have
is to agree to (certain structure). When we choose people to do this (DfS) projects, we choose different
departments and the relevant ones. Therefore, what we want to do is a sort of 4–5 guidelines that you
should always consider in an innovation process or communication or other things, you should always
consider that. [..] Therefore, I think that is the starting point. But, when it comes to seeing how we
can be more effective, that is where we could be more eager, or have higher expectations on ourselves,
to deliver more on being through sustainable choices. So it has been more ad hoc in the way we have
introduced these subjects, but what I really believe in is that, we have to write a lot of theses. You
don’t succeed in doing do it, if you don’t have it as part of the structure. What kind of question should
you ask when you come this kind of product? Yes, you should ask these, these and these questions
and those sustainable questions that should in that level. So that the different departments have to go
through that gate. Are we willing to take a kind of reputation risk or do we want to see that X or Y
happens? So that we are responsible (in DfS projects). And I think that natural or routine guidelines
in that level is important, if not it is more accidental.”

(E1—Vitamin)

Thus, the level of formalization (or lack of it) in DfS implementation in companies was found to
be an important intrinsic characteristic in defining the company persona.

4.2.4. Sustainability Definition

Another important characteristic observed in the companies was how the term sustainability was
defined within the company context. At Company D, the respondent opined that terminologies such
as Design for Sustainability or eco-design were not commonly used in the company, thus often created
an ambiguity in the usage of the phrase in project teams:
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“And we could also continue developing the language that we use about it. Because when you say
“eco-design projects”, it’s not a word we use in here (at the company). So we could work further on a
common language because there are many different words flying around in the media, but what is
actually a green product or a sustainable product? What is it actually? It is very different what people
understand by that.”

(D1—Wood)

At Company F, the respondent received requests from units on how to proceed:

“It has been overwhelming for us, taking sustainability on-board. So they (units) are asking me, what
do you want us to do? Please tell us there are so many topics, we don’t know what to do and what
should we focus on. So, that was actually why we tried to develop the common sustainability strategy
to try and define all the different topics and make it easier.”

(F2—Food)

Further, in the interviews with sustainability experts, SE4 opined that there is a difference between
the definition of sustainability and understanding what it means in a company context. Often,
well-defined and communicated sustainability goals are not understood in the same manner among
the employees due to the differences in educational background or individual perceptions. This
difference was also observed in the case company interviews and is further elaborated in Section 4.2.5.

4.2.5. Sustainability Understanding

The interviews showed that, most often, the way sustainability was defined in the companies
could be understood differently by different departments or individuals in the company. Another
aspect to this was the awareness surrounding sustainability topics and how it was acknowledged
in the product development process. F2 mentioned how it was difficult to convince and talk with
colleagues about the need for integrating sustainability a few years ago, and how it changed recently
with clearer goals and increased awareness in the company:

“I talked with them (colleagues) four years ago but this (increased awareness) is something new which
I think makes it easier now. Because now I know where I am going, I know that I’m going to launch a
product with recycled materials. Hence, it’s easier to discuss with them, they’re already in that area
and have a lot of competence, and I need that competence and understanding to make it work.”

(F2—Soap)

At Company B, sustainability was very much top-down driven and was successful in imbibing
DfS focus in product development practices. However, Company B also lacked a comparable
understanding of sustainability issues within departments that were on the “business side” of the
company, such as sales and marketing:

“I think we have been, that we have integrated the way (for sustainability), or may be in the past,
there wasn’t this intensity with the corporate sustainability standing alone, sitting in the ivory tower.
I think we are definitely working towards bringing sustainability more out at the practical side in the
business. That is where it can be a huge challenge. I think we have managed really well in the PD.
May be next step is to manage equally well with the marketing department.”

(B1—Microbes)

At Company E, due to the absence of a common understanding on sustainability topics, it was
difficult to convince and educate departments on the certifications needed and raw material selection
criteria pertaining to sustainable sourcing:

“So it (sustainability understanding) is more about wider areas to cover. So, if you talk about
sustainability in total about the raw materials here, there are many (sustainability) factors (involved).
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To get them (departments) understand better what is the difference between those and why is it not
possible to have one certificate or some raw materials is difficult currently.”

(E2—Vitamin)

4.2.6. Functional Goals in DfS

A general trend observed in the case companies was the situational versus planned and systematic
improvements on the sustainability activities of the company. Company A resorted to making
situational improvements to their products potentially possible without disrupting the utility of
the product. Such an approach was needed for the company given its niche business area, as
explained earlier:

“We don’t have any formulated target on environmental improvements in the process, other than we
want to evaluate it and we want to you can say we want environment to be part of the decisions. But
we have not defined that we always want to take the greenest solution per se. And this is our main
driver. And if we can combine that with a good environmental solution then we would like to do that.
But the main driver is the solution. So that is really our passion. So it’s actually more the social part
you could say. That’s the driver.”

(A2—Pouch)

At Company D, a new organizational unit was formed exclusively to source for new raw materials
to replace the existing ones in their products. Sustainability was also included as one of the evaluation
criteria in this new sourcing process:

“This spring, I was changing my position from the development department to a new part of our
organization, where we want to be a little more ahead of the development in terms of finding new
materials or combinations of materials that can be used for new products.”

(D1—Wood)

4.2.7. DfS Chaperoning

Another important intrinsic characteristic was the entity that drives the sustainability activities
within the company. We termed this DfS chaperoning and found it to be eco-champions in companies,
certain departments or indirect stimuli from external actors in the form of Non-Governmental
Organizations (NGO), or environmental activists and consultants. Companies acknowledged that
these entities with high motivations played important roles in establishing, executing, and following
up sustainability goals in the companies. At Companies D and A, this was observed to be individuals
pushing bottom up for sustainability focus in the company. These eco-champions pursued the
sustainability agenda actively in the product development process:

“So I think it’s a movement (sustainability focus), it’s something that is maturing along as we get
more knowledge. Putting the focus on sustainability, building it in in the presentation that we show
to the management. Yes I would say that it is individuals, there are also some specialists that have a
green focus that contribute so yes I would say it is individuals (chaperoning the process).”

(D1—Wood)

A1 narrated a similar incident in the following quote:

“I try to give a speech in a start-up project, I ask for 5–10 min, where I deliver the main issues that
could be from our yearly environmental report. But it could also be like mass flows, pointing out the
importance of environmental issues. Ok, we produce so much waste, but the waste we produce PD
has been the same since 5–10 years ago. That is because we still produce these products and they
still involve these waste. So, that is my key point, OK, so we really like to reduce waste and energy
consumption is important for our whole CO2 account. It is now that we have to do it.”

(A1—Pouch)
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While at Companies E, F, and G, this was found to be external stimuli in the form of international
collaborations with environmental agencies or companies themselves acknowledging the need for it
along the whole value chain:

“As an administrative body we collaborated with the UNDP. So we developed together a project
description, a concept description of the different types of activities that we believed needed to be taken
in order to really lift the sector (sustainability in the whole value chain).”

(F2—Food)

5. Discussion and Analysis

The use of personas in design projects and research helps in bridging the gap between the
actual and presumed needs of the user. The use of personas is intended to inform designers on how
to target their design activity. The extreme user archetypes sketched using personas help get the
designer closer to the actual user [15]. Translating this to the context of this paper, company personas
should help researchers and consultants in sketching and understanding the user, or in our case, the
company, better and more closely. Hence, it is interesting to understand how the 14 dimensions could
equip this target audience with inputs on how to construct company personas. A user persona is
typically based on characteristics such as the demographics of the user, fears and aspirations, needs
and expectations, product use patterns, among others [15,19]. Similarly, the intrinsic and extrinsic
characteristics observed from the empirical results provide a similar perspective of the company.
Dimensions such as Board of Directors (E1), market conditions (E5), and the history of the company
(E6) can be directly related to the demographics of a user. Similar comparison can be drawn between
the views of the user [22] and risk sensitivity (E7), senior management approach (I1), emotional
aspects, and DfS chaperoning (I7). These cross comparisons are further illustrated in Table 4. Therefore,
based on the empirical results retrieved from the coding process, it is these 14 dimensions that can be
corroborated with the user persona characteristics discussed in Section 2.

Table 4. A proposal for mapping commonly used user persona characteristics onto company
persona dimensions, as identified from the interviews. E = Extrinsic Characteristics and I = Intrinsic
Characteristics presented in Table 2.

User persona Characteristics Corresponding Company Persona Dimension

Demographic dimension [15,58] E1, E5, E6, I1, I2
Views, attitudes, and opinion [15,23] E2, E3, E4, E7, I1, I5, I6
Emotions, fears, and aspirations [59] E3, E7, I1, I7

Knowledge, skills, and capabilities [23,60] E4, I5, I6, I7
Societal factors [35,55] E5, E6, I1

5.1. Constructing Company Personas

Creating consensus among the stakeholders regarding the accuracy of the created persona is an
identified challenge in design studies [59]. In order to overcome this, Miaskiewicz and Luxmoore [22]
proposed a data-driven approach to creating personas and enhancing the organizational adoption of it.
Adapting from this approach, we propose a four stage process of creating company personas:

1. Create an inventory of necessary sustainability attributes of the company.
2. Characterize the company based on the attributes along the 14 persona dimensions.
3. Incorporate additional inputs about the company through qualitative techniques such as

interviews and action research.
4. Create the individual company personas by incorporating the initially identified attributes and

input from Stage 3.
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Applying this four stage process to the empirical data collected from the case companies, the
authors observed certain overlap among the companies’ attributes. Based on these inputs, we propose
the following four personas to give readers an impression of a company persona as we envisage it.

Thus, as seen in user personas, the four stage process combined with the 14 identified dimensions
could potentially develop company personas that highlight the niche characteristics of the company
context from a DfS perspective. As can be observed from Table 5, such a description imbibes factors
that were already widely discussed in literature as well as factors less addressed, such as risk sensitivity
and the drive of the company.

Table 5. Persona samples extracted from case company interviews. Case companies matching the
persona description are provided in parentheses. PD = Product Development, R&D = Research and
Development, CE = Circular Economy, B2B = Business to Business.

Persona # Persona Description

Persona 1
(Wood, Watt)

The company is a market leader in its industry branch with a high price and
efficiency focused customer base. The company acknowledges the need for
sustainability in its PD, however also identifies the indirect sustainability
benefits from its product as a contribution to this. PD is very well
formalized, nevertheless, DfS tools are not used consistently nor regularly.
Certain customers request the company to provide environmental
information that, along with other compliance requirements, are adhered to.
Lack of both an exclusive sustainability department and market demand are
two major challenges. The company aims at providing DfS solutions with
increased efficiency and developing CE business models.

Persona 2
(Food, Soap, Vitamin)

A highly customer driven consumer goods company with sustainability
conscious buyers and retailers. The company is quite early in its
sustainability journey and has a great support from its senior management
and marketing departments. There exists a lack of in-house resources such
as DfS tools, clear definitions, and skill sets on sustainability. Being part of a
corporate group, the company receives clear guidelines directing it. The
smaller size of the company and market presence in certain categories
makes it challenging to integrate sustainability along the value chain. The
company aspires to be a market leader in sustainable alternatives compared
to its larger competitors.

Persona 3
(Microbes)

The company has a long tradition of providing sustainability solutions to
customers and operates in the B2B industry. Sustainability is strongly
integrated in the senior management of the company and is involved in all
PD stages. Stage gate models and DfS tools are used in a systematic manner
in all projects. A lack of common understanding on sustainability is an
identified challenge that leads to discussions. The company aims to
integrate DfS focus in all management decisions and make it more visible in
the near future.

Persona 4
(Pouch)

The company operates in a niche industry of vital and intimate support to
customers, making utility, reliability, and quality of its products the biggest
priorities. Therefore, the customers do not have a high sustainability
demand. The company, however, realizes the impact of its activities and is
committed to reducing the impact without comprising the utility of the
product, which is often challenging. A lack of common awareness among
the different departments on DfS is a big challenge in the company.
Sustainability assessments are not regularized even though the company
has the necessary skill sets. The company aims at consistent sustainability
improvements in its products.

5.2. Implications of Company Persona Dimensions

The company persona dimensions can be seen as a mix of both the factual aspects [42] and the
“soft-side” elements of the company [34,61]. While the former can be found in dimensions I3, I5, and
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I6, the managerial conditions and other soft elements are mapped under the other 11 dimensions. As
can be read from the cited quotations in Section 4, all 14 dimensions were found to have an influential
role at one stage or another of DfS implementation in the case companies. These dimensions in totality
help define a complete picture of the company’s internal and external context, which have been
otherwise less explicitly identified in company clustering studies. Furthermore, this also follows the
embodiment feature of personas explained in Section 2.1, where the extrinsic characteristics define
the external factors that influence the company while the intrinsic characteristics help the researchers
and practitioners understand the company’s internal functioning in the DfS context. Using such
combinations in our case companies, we constructed the sample personas in Table 5 to reflect both
extrinsic and intrinsic characteristics that may potentially influence the DfS context in the companies.

A general trend observed in both extrinsic and intrinsic characteristics was the stronger presence
of certain dimensions in all of the case companies. While market conditions and the strategic focus of
the company were the most important extrinsic characteristics observed, senior management approach,
DfS implementation approach, and sustainability definition were found to be important among the
intrinsic characteristics. This also follows findings by earlier DfS researchers who emphasized the need
for the right market for eco-design products [31], the importance of management commitment [62],
the need for sustainable strategies [32], and the level of formalization in eco-design processes [63],
consequently pointing to the fact that the identified persona dimensions are in congruence to earlier
empirical findings in DfS research. An example of including such a description in company personas
is seen in sample Persona #1 (Table 4), where the buying patterns and customer needs vis-à-vis
sustainability are discussed based on our insights from E4, E5, and E7. Importance of degree of
formalization (I3) and its impact on the implementation process was found in almost all of the
case companies interviewed. Persona #3 reflects on the presence of formalized processes in DfS
implementation in terms of tools, stage gate models, and processes, which are also in line with the
observations we made in Microbes.

Further, an interesting finding among the dimensions was the risk sensitivity approach of the
companies, which could possibly help researchers and consultants understand the nature of the
approach different companies prefer. Risk-averse companies tended to take a defensive approach to
their business model, with a focus on compliance and adjustment in current models [39,64], while
risk-taking companies were more proactive and would possibly restructure the whole business
to accommodate DfS. Thus, practitioners and researchers helping a company can adapt their
solutions in relation to the risk sensitivity of the company. In another observation, certain other
dimensions were found to have strong interconnections among themselves. For example, sustainability
understanding within the companies could be closely seen in connection with the strategic focus in
the company and the way sustainability was prioritized within the company activities. Market
conditions were often influenced by the history of the company, its strategy, and management
decisions. Such interconnections are crucial to a company’s context and should be factored in while
providing recommendations.

Finally, as explained in Section 1, the eco-design tool usage was relatively low in companies
when compared to the number of tools created for the purpose. Observations from the interviews
supported this view; even though the need for tools was aired in the interviews, the skill set and
adaptability of the tools to fit the company environment were more stressed. This again highlights the
need for better understanding the company context in addition to the technical needs of DfS projects,
and the potential value of our explorative study. A potential application of company personas in
actual DfS implementation scenarios could be using this approach as a pre-requisite to applying tools
developed to help companies in DfS implementation. The eco-design maturity model [8] is a well
received management framework for companies involved in DfS projects, consisting of three main
elements (eco-design practices, maturity levels, and application methods). The company persona
definition can help practitioners enrich the understanding of the maturity levels of the company in
terms of its managerial preparedness and aspirations, thereby complementing the integration of the
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eco-design maturity model in practice. Another potential tool is the four-lens model for integrating
sustainability in companies [57], which proposes a set of measures a company can take from four
different perspectives—namely architect, catalyst, prophet, and advocate—to integrate sustainability
in its activities. The company persona approach can help streamline the suggested course of action
under each lens based on the niche characteristics of the company. However, the explorative nature of
this paper warrants further empirical investigations in order to establish these potential usages in an
industrial setting, as detailed in Section 5.3.

5.3. Limitations and Future Work

The number of interviews conducted for this study was 20 (including four interviews with
sustainability experts). Among these, only one interview was conducted at Company B due to
practical limitations. This disparity in the number of interviews provided a challenge in carrying out
cross-comparative studies between different companies during the analysis phase. Additionally, one
common criticism attributed to personas in design studies is the static nature of persona descriptions,
which are not updated according to the changing needs of the user [65,66]. A similar challenge for
company personas was also identified from the interview with SE1, where the respondent observed
that companies do change their characteristics, if not rapidly, which necessitates a different approach
to sustainability. A more in-depth study method such as action research in close collaboration with
case companies is needed to accommodate such contextual changes of a company’s persona. Further,
more detailed field testing with both quantitative and qualitative data sets [58] is required to increase
the robustness of the “company persona” as a practical aid in DfS implementation. Thus, future work
will involve empirical testing and improving the identified company personas through workshops in
companies and among researchers who have worked with DfS implementation in companies.

6. Conclusions

This explorative paper presented the “company persona” as an alternative approach to
constructing an informed DfS implementation in companies. Our analysis of 20 semi-structured
interviews with representatives from seven companies and sustainability experts (tabulated in Table 3)
suggests that the complexity of factors that define a company’s approach to DfS implementation can
be represented by 14 dimensions, which together can be used to construct company personas. Such
company personas thereby reflect typical combinations of extrinsic and intrinsic characteristics, as
found in our case companies. We pose that using a “company persona”-based approach may fill a
gap between generalist and individually customized approaches, and that companies would benefit
from implementation approaches that help in understanding the context of the company in detail
before proposing specific prescriptive measures [53]. Therefore, using the “company persona”-based
approach has the potential to enable practitioners, academicians, and companies in making better
informed decisions on the actual requirements of tools, guidelines, and consultancies companies that
are required to deliver their stated sustainability goals.
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CENTRAL ACTOR

ACTOR 1 ACTOR 2

ACTOR 3

ACTOR 4

Organisational Persona
 Top management commitment
 Bottom up / top-down
 Organisational structure
 DfS as a main strategy component
 Alignment in goals and understanding
 Task v/s employee orientation
 General consensus on DfS projects
 Level of motivation among employees
 Individualistic v/s joint efforts on DfS 

projects
 Factoring in for culture within organisation
 Conflict occurence
 Close collaboration/communication
 Other

Figure A1. An illustration of the interaction mapper used during the interviews. The central actor
was the interview respondent. The map was used to identify the various contextual elements of the
company in relation to DfS implementation and different actors the respondent interacted with.

References

1. Tukker, A.; Eder, P.; Charter, M.; Haag, E.; Vercalsteren, A.; Wiedmann, T. Eco-design: The state of
implementation in Europe—Conclusions of a state of the art study for IPTS. J. Sustain. Prod. Des. 2001, 1,
147–161. [CrossRef]

2. Boks, C.; McAloone, T.C. Transitions in sustainable product design research. Int. J. Prod. Dev. 2009, 9,
429–449. [CrossRef]

3. Ceschin, F.; Gaziulusoy, I. Evolution of design for sustainability: From product design to design for system
innovations and transitions. Des. Stud. 2016, 47, 118–163. [CrossRef]

4. Sakao, T.; Shimomura, Y. Service Engineering: A novel engineering discipline for producers to increase value
combining service and product. J. Clean. Prod. 2007, 15, 590–604. [CrossRef]

5. Prendeville, S.M.; O’Connor, F.; Bocken, N.M.P.; Bakker, C. Uncovering ecodesign dilemmas: A path to
business model innovation. J. Clean. Prod. 2017, 143, 1327–1339. [CrossRef]

6. Knight, P.; Jenkins, J.O. Adopting and applying eco-design techniques: A practitioners perspective. J. Clean.
Prod. 2009, 17, 549–558. [CrossRef]

7. Ali, F.; Verhulst, E.; Boks, C. The ‘Nordic Approach’ and how it may support design for sustainability. In
Proceedings of the NordDesign, Trondheim, Norway, 10–12 August 2016; The Design Society: Glasgow, UK,
2016; Volume 1, p. 10.

8. Pigosso, D.C.A.; Rozenfeld, H.; McAloone, T.C. Ecodesign maturity model: A management framework
to support ecodesign implementation into manufacturing companies. J. Clean. Prod. 2013, 59, 160–173.
[CrossRef]

http://dx.doi.org/10.1023/A:1020564820675
http://dx.doi.org/10.1504/IJPD.2009.027475
http://dx.doi.org/10.1016/j.destud.2016.09.002
http://dx.doi.org/10.1016/j.jclepro.2006.05.015
http://dx.doi.org/10.1016/j.jclepro.2016.11.095
http://dx.doi.org/10.1016/j.jclepro.2008.10.002
http://dx.doi.org/10.1016/j.jclepro.2013.06.040


Sustainability 2019, 11, 463 28 of 30

9. Bey, N.; Hauschild, M.Z.; McAloone, T.C. Drivers and barriers for implementation of environmental strategies
in manufacturing companies. CIRP Ann. Manuf. Technol. 2013, 62, 43–46. [CrossRef]

10. Baumann, H.; Boons, F.; Bragd, A. Mapping the green product development field: Engineering, policy and
business perspectives. J. Clean. Prod. 2002, 10, 409–425. [CrossRef]

11. Hahn, T.; Scheermesser, M. Approaches to corporate sustainability among German companies. Corp. Soc.
Responsib. Environ. Manag. 2006, 13, 150–165. [CrossRef]

12. Alex Alblas, A.A.; Kristian Peters, K.; Hans Wortmann, J.C. Fuzzy sustainability incentives in new product
development: An empirical exploration of sustainability challenges in manufacturing companies. Int. J.
Oper. Prod. Manag. 2014, 34, 513–545. [CrossRef]

13. Ali, F.; Boks, C.; Bey, N. An exploration of company personas to support customized DfS implementation.
In Proceedings of the 21st International Conference on Engineering Design (ICED 17) Vol 5: Design for X,
Design to X, Vancouver, Canada, 21–25 August 2017; The Design Society: Glasgow, UK, 2017; pp. 385–394.

14. Domingo, L.; Buckingham, M.; Dekoninck, E.; Cornwell, H. The importance of understanding the business
context when planning eco-design activities. J. Ind. Prod. Eng. 2015, 32, 3–11. [CrossRef]

15. Cooper, A. The Inmates Are Running the Asylum; Macmillan Publishing Co., Inc.: Indianapolis, IN, USA, 1999;
ISBN 978-0-672-31649-4.

16. Chang, Y.; Lim, Y.; Stolterman, E. Personas: From theory to practices. In Proceedings of the 5th Nordic
Conference on Human-Computer Interaction Building Bridges—NordiCHI ’08, Lund, Sweden, 20–22
October 2008; ACM Press: New York, NY, USA, 2008; p. 439.

17. Hinton, A. Personas and the Role of Design Documentation. Available online: http://boxesandarrows.com/
personas-and-the-role-of-design-documentation/ (accessed on 27 December 2018).

18. Grant, M.J.; Booth, A. A typology of reviews: An analysis of 14 review types and associated methodologies:
A typology of reviews. Health Inf. Libr. J. 2009, 26, 91–108. [CrossRef] [PubMed]

19. Grudin, J.; Pruitt, J. Personas, Participatory Design and Product Development: An Infrastructure for
Engagement. In Proceedings of the Participation and Design Conference (PDC2002), Malmo, Sweden,
23–25 June 2002; CPSR Palo Alto: Berkeley, CA, USA, 2002; pp. 144–161.

20. Faily, S.; Flechais, I. Persona cases: A technique for grounding personas. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, Vancouver, BC, Canada, 7–12 May 2011;
pp. 2267–2270.

21. Matthews, T.; Judge, T.; Whittaker, S. How Do Designers and User Experience Professionals Actually Perceive
and Use Personas? In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems,
Austin, TX, USA, 5–10 May 2012; ACM: New York, NY, USA, 2012; pp. 1219–1228.

22. Miaskiewicz, T.; Kozar, K.A. Personas and user-centered design: How can personas benefit product design
processes? Des. Stud. 2011, 32, 417–430. [CrossRef]

23. Pruitt, J.; Grudin, J. Personas: Practice and theory. In Proceedings of the 2003 conference on Designing for
User Experiences, San Francisco, CA, USA, 6–7 June 2003; ACM: New York, NY, USA, 2003; pp. 1–15.

24. Chapman, C.N.; Love, E.; Milham, R.P.; ElRif, P.; Alford, J.L. Quantitative evaluation of personas as
information. In Proceedings of the Human Factors and Ergonomics Society Annual Meeting; SAGE Publications:
Los Angeles, CA, USA, 2008; Volume 52, pp. 1107–1111.

25. Rönkkö, K.; Hellman, M.; Kilander, B.; Dittrich, Y. Personas is not applicable: Local remedies interpreted
in a wider context. In Proceedings of the Eighth Conference on Participatory Design: Artful Integration:
Interweaving Media, Materials and Practices, Toronto, ON, Canada, 27–31 July 2004; ACM: New York, NY,
USA, 2004; pp. 112–120.

26. Blomquist, Å.; Arvola, M. Personas in action: Ethnography in an interaction design team. In Proceedings of
the Second Nordic Conference on Human-Computer Interaction, Aarhus, Denmark, 19–23 October 2002;
ACM: New York, NY, USA, 2002; pp. 197–200.

27. Floyd, I.R.; Cameron Jones, M.; Twidale, M.B. Resolving incommensurable debates: A preliminary
identification of persona kinds, attributes, and characteristics. Artifact 2008, 2, 12–26. [CrossRef]

28. Sinha, R. Persona Development for Information-rich Domains. In Proceedings of the CHI’03 Extended
Abstracts on Human Factors in Computing Systems, Ft. Lauderdale, FL, USA, 5–10 April 2003; ACM: New
York, NY, USA, 2003; pp. 830–831.

http://dx.doi.org/10.1016/j.cirp.2013.03.001
http://dx.doi.org/10.1016/S0959-6526(02)00015-X
http://dx.doi.org/10.1002/csr.100
http://dx.doi.org/10.1108/IJOPM-10-2012-0461
http://dx.doi.org/10.1080/21681015.2014.1000398
http://boxesandarrows.com/personas-and-the-role-of-design-documentation/
http://boxesandarrows.com/personas-and-the-role-of-design-documentation/
http://dx.doi.org/10.1111/j.1471-1842.2009.00848.x
http://www.ncbi.nlm.nih.gov/pubmed/19490148
http://dx.doi.org/10.1016/j.destud.2011.03.003
http://dx.doi.org/10.1080/17493460802276836


Sustainability 2019, 11, 463 29 of 30

29. Dantin, U. Application of Personas in User Interface Design for Educational Software. In Proceedings of the
7th Australasian Conference on Computing Education—Volume 42, Newcastle, New South Wales, Australia,
February 2005; Australian Computer Society, Inc.: Darlinghurst, Australia, 2005; pp. 239–247.

30. Brones, F.; Monteiro De Carvalho, M. From 50 to 1: Integrating literature toward a systemic ecodesign model.
J. Clean. Prod. 2015, 96, 44–47. [CrossRef]

31. Johansson, G. Success factors for integration of ecodesign in product development: A review of state of the
art. Environ. Manag. Health 2002, 13, 98–107. [CrossRef]

32. Stewart, R.M.M.; Bey, N.; Boks, C. Exploration of the Barriers to Implementing Different Types of
Sustainability Approaches. Procedia CIRP 2016, 48, 22–27. [CrossRef]

33. Verhulst, E.; Boks, C. The role of human factors in the adoption of sustainable design criteria in business:
Evidence from Belgian and Dutch case studies. Int. J. Innov. Sustain. Dev. 2012, 6, 146–163. [CrossRef]

34. Boks, C. The soft side of ecodesign. J. Clean. Prod. 2006, 14, 1346–1356. [CrossRef]
35. Boks, C.; Stevels, A. Essential perspectives for design for environment. Experiences from the electronics

industry. Int. J. Prod. Res. 2007, 45, 4021–4039. [CrossRef]
36. Deutz, P.; McGuire, M.; Neighbour, G. Eco-design practice in the context of a structured design process: An

interdisciplinary empirical study of UK manufacturers. J. Clean. Prod. 2013, 39, 117–128. [CrossRef]
37. Bonou, A.; Skelton, K.; Olsen, S.I. Ecodesign framework for developing wind turbines. J. Clean. Prod. 2016,

126, 643–653. [CrossRef]
38. Doppelt, B. Overcoming the seven sustainability blunders. Syst. Think. 2003, 14, 2–6.
39. Bocken, N.M.P.; Short, S.W.; Rana, P.; Evans, S. A literature and practice review to develop sustainable

business model archetypes. J. Clean. Prod. 2014, 65, 42–56. [CrossRef]
40. Schulte, J.; Hallstedt, S.I. Challenges and preconditions to build sustainability capabilities in product

innovation. In Proceedings of the 21st International Conference on Engineering Design (ICED 17) Vol 5:
Design for X, Design to X, Vancouver, BC, Canada, 21–25 August 2017.

41. Skelton, K.; Huulgaard, R.D.; Schmidt, K. Understanding ecodesign through a communities of practice
perspective. Int. J. Environ. Technol. Manag. 2016, 19, 40–58. [CrossRef]

42. Hallstedt, S.I.; Thompson, A.W.; Lindahl, P. Key elements for implementing a strategic sustainability
perspective in the product innovation process. J. Clean. Prod. 2013, 51, 277–288. [CrossRef]

43. Lindahl, M. Engineering designers’ experience of design for environment methods and tools—Requirement
definitions from an interview study. J. Clean. Prod. 2006, 14, 487–496. [CrossRef]

44. Rossi, M.; Germani, M.; Zamagni, A. Review of ecodesign methods and tools. Barriers and strategies for an
effective implementation in industrial companies. J. Clean. Prod. 2016, 129, 361–373. [CrossRef]

45. Santolaria, M.; Oliver-Solà, J.; Gasol, C.M.; Morales-Pinzón, T.; Rieradevall, J. Eco-design in innovation
driven companies: Perception, predictions and the main drivers of integration. The Spanish example. J. Clean.
Prod. 2011, 19, 1315–1323. [CrossRef]

46. Yin, R.K. Case Study Research: Design and Methods; SAGE Publications: London, UK, 2013; ISBN
978-1-4833-2224-7.

47. Cassell, C.; Symon, G. Essential Guide to Qualitative Methods in Organizational Research; SAGE Publications
Ltd.: London, UK, 2004; ISBN 978-0-7619-4888-9.

48. Eisenhardt, K.M. Building Theories from Case Study Research. Acad. Manag. Rev. 1989, 14, 532–550.
[CrossRef]

49. Marshall, M.N. Sampling for qualitative research. Fam. Pract. 1996, 13, 522–526. [CrossRef] [PubMed]
50. Etikan, I.; Musa, S.A.; Alkassim, R.S. Comparison of Convenience Sampling and Purposive Sampling. Am. J.

Theor. Appl. Stat. 2016, 5, 1–4. [CrossRef]
51. Noordegraaf, M. Shadowing managerial action instead of recording managerial text. Qual. Res. Organ.

Manag. 2014, 9, 41–46. [CrossRef]
52. Affleck, W.; Glass, K.; Macdonald, M.E. The limitations of language: Male participants, stoicism, and the

qualitative research interview. Am. J. Men Health 2013, 7, 155–162. [CrossRef] [PubMed]
53. Courage, C.; Baxter, K. Understanding Your Users: A Practical Guide to User Requirements Methods, Tools, and

Techniques; Gulf Professional Publishing: Houston, TX, USA, 2005; ISBN 978-1-55860-935-8.
54. Saldaña, J. The Coding Manual for Qualitative Researchers; Sage: Los Angeles, CA, USA, 2009; ISBN

978-1-84787-548-8.
55. Lewis, D. Extrinsic Properties. Philos. Stud. 1983, 44, 197–200. [CrossRef]

http://dx.doi.org/10.1016/j.jclepro.2014.07.036
http://dx.doi.org/10.1108/09566160210417868
http://dx.doi.org/10.1016/j.procir.2016.04.063
http://dx.doi.org/10.1504/IJISD.2012.046943
http://dx.doi.org/10.1016/j.jclepro.2005.11.015
http://dx.doi.org/10.1080/00207540701439909
http://dx.doi.org/10.1016/j.jclepro.2012.08.035
http://dx.doi.org/10.1016/j.jclepro.2016.02.093
http://dx.doi.org/10.1016/j.jclepro.2013.11.039
http://dx.doi.org/10.1504/IJETM.2016.074810
http://dx.doi.org/10.1016/j.jclepro.2013.01.043
http://dx.doi.org/10.1016/j.jclepro.2005.02.003
http://dx.doi.org/10.1016/j.jclepro.2016.04.051
http://dx.doi.org/10.1016/j.jclepro.2011.03.009
http://dx.doi.org/10.5465/amr.1989.4308385
http://dx.doi.org/10.1093/fampra/13.6.522
http://www.ncbi.nlm.nih.gov/pubmed/9023528
http://dx.doi.org/10.11648/j.ajtas.20160501.11
http://dx.doi.org/10.1108/QROM-02-2014-1197
http://dx.doi.org/10.1177/1557988312464038
http://www.ncbi.nlm.nih.gov/pubmed/23093076
http://dx.doi.org/10.1007/BF00354100


Sustainability 2019, 11, 463 30 of 30

56. Langton, R.; Lewis, D. Defining “Intrinsic”. Philos. Phenomenol. Res. 1998, 58, 333–345. [CrossRef]
57. Stewart, R.; Ali, F.; Boks, C.; Bey, N. Architect, Catalyst, Advocate, and Prophet: A Four-Lens View of

Companies to Support Ecodesign Integration. Sustainability 2018, 10, 3432. [CrossRef]
58. Miaskiewicz, T.; Luxmoore, C. The Use of Data-Driven Personas to Facilitate Organizational Adoption—A

Case Study. Des. J. 2017, 20, 357–374. [CrossRef]
59. Pruitt, J.S.; Adlin, T. (Eds.) Persona conception and gestation. In The Persona Lifecycle; Interactive Technologies;

Morgan Kaufmann: San Francisco, CA, USA, 2006; Chapter 4; pp. 162–271. ISBN 978-0-12-566251-2.
60. Marti, P.; Bannon, L.J. Exploring User-Centred Design in Practice: Some Caveats. Knowl. Technol. Policy 2009,

22, 7–15. [CrossRef]
61. Brones, F.; de Carvalho, M.M.; de Senzi Zancul, E. Ecodesign in project management: A missing link for the

integration of sustainability in product development? J. Clean. Prod. 2014, 80, 106–118. [CrossRef]
62. Dekoninck, E.A.; Domingo, L.; O’Hare, J.A.; Pigosso, D.C.A.; Reyes, T.; Troussier, N. Defining the challenges

for ecodesign implementation in companies: Development and consolidation of a framework. J. Clean. Prod.
2016, 135, 410–425. [CrossRef]

63. Pigosso, D.C.A.; McAloone, T.C.; Rozenfeld, H. Characterization of the State-of-the-art and Identification of
Main Trends for Ecodesign Tools and Methods: Classifying Three Decades of Research and Implementation.
Indian Inst. Sci. J. 2015, 95, 405–427.

64. Schaltegger, S.; Lüdeke-Freund, F.; Hansen, E.G. Business cases for sustainability: The role of business model
innovation for corporate sustainability. Int. J. Innov. Sustain. Dev. 2012, 6, 95–119. [CrossRef]

65. Chapman, C.N.; Milham, R.P. The Personas’ New Clothes: Methodological and Practical Arguments against
a Popular Method. In Proceedings of the Human Factors and Ergonomics Society Annual Meeting; Sage: Los
Angeles, CA, USA, 2006; Volume 50, pp. 634–636.

66. Flaherty, K. Are Your Personas Outdated? Know When It’s Right to Revise. Available online:
https://www.nngroup.com/articles/revising-personas/ (accessed on 15 November 2018).

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2307/2653512
http://dx.doi.org/10.3390/su10103432
http://dx.doi.org/10.1080/14606925.2017.1301160
http://dx.doi.org/10.1007/s12130-009-9062-3
http://dx.doi.org/10.1016/j.jclepro.2014.05.088
http://dx.doi.org/10.1016/j.jclepro.2016.06.045
http://dx.doi.org/10.1504/IJISD.2012.046944
https://www.nngroup.com/articles/revising-personas/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Theoretical Framing 
	Persona Origin, Definition, and Dimensions 
	Benefits of Using Personas 
	Creation of Personas from Design Literature 

	Design for Sustainability Implementation and Relevance of Company Context 

	Research Method 
	Case Interviews 
	Interview Analysis 

	Interview Findings 
	Extrinsic Characteristics of the Companies 
	Board of Directors 
	Value Proposition of the Company 
	Drive of the Company on DfS Issues 
	Strategic Focus of the Company 
	Market Conditions 
	History of the Company 
	Risk Sensitivity 

	Intrinsic Characteristics of the Company 
	Senior Management Approach to DfS 
	Organizational Constitution in DfS Activities 
	Degree of Formalization in DfS Implementation 
	Sustainability Definition 
	Sustainability Understanding 
	Functional Goals in DfS 
	DfS Chaperoning 


	Discussion and Analysis 
	Constructing Company Personas 
	Implications of Company Persona Dimensions 
	Limitations and Future Work 

	Conclusions 
	
	References

