Chapter 28 M)
Depth and Detail or Quick and Easy? s
Benefits and Drawbacks of Two Approaches

to Define Sustainability Criteria in Product
Development

Matilda Watz and Sophie 1. Hallstedt

28.1 Introduction

Despite an increasing awareness and interest, companies struggle to integrate life
cycle sustainability considerations into product development [1]. The complexity of
sustainability is a challenge for the identification of life cycle criteria that effectively
guide toward increased socio-ecological sustainability performance of products and
product service systems [2]. However, reducing the complexity by narrowing the
scope of what sustainability means can lead to sustainability sub-optimization
[3]. For instance, well-known sustainability aspects, such as reduction of greenhouse
gas emissions from fossil fuels, may be selected ad hoc without a complete picture of
sustainability in the specific design context. While reducing these emissions is
critical to realize the slow-down of climate change, the solution could cause other
negative sustainability impacts if the whole spectrum of sustainability is not taken
into consideration. An example is the issue of electromobility, which provides a
good opportunity to reduce the climate impact of the transport sector, but that relies
on technologies that are dependent on metals that are sourced from limited and
non-renewable supplies. Mining industry and its contribution to natural resource
scarcity account for negative environmental impacts, for example, in form of air- and
water pollution, and land use change, social issues, such as hazardous work condi-
tions and conflicts. On a global system level, these ecological and social aspects also
contribute to un-sustainability, just like greenhouse gas emissions from fossil fuels.
And on a micro-level, companies need to account for the economic implications of
these impacts in their business strategy development. Hence, to realize a sustainable
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transport sector by the means of electromobility requires not only replacement of
fossil fueled engines but also that aspects such as the minimization of toxic waste
from battery production are ensured [4]. To provide a complete, and for the company
relevant, picture of sustainability requires more than applying a well-known set of
sustainability design criteria.

However, identifying the “right” set of sustainability criteria can be a challenging
task within product developing companies today [5, 6]. Ideally, this task takes place
at a very early stage of the product innovation process to mitigate risks for potential
unintended consequences that can arise from a narrow focus on specific sustainabil-
ity performance improvements without awareness of trade-offs with other sustain-
ability aspects or design objectives [7]. In practice this means that most of the
sustainability impacts of a product life cycle are determined already before the
detailed design phase. But to identify social, ecological, and economic impacts of
anot yet existing design solution, and calculating their magnitude, might be extraor-
dinary cumbersome as these take place across the whole life cycle [8]. As it is rare
that a company has access to all data that can be used to define the sustainability
impact of an existing design solution, traditional life cycle assessment methods, from
now on called “LCA” utilize aggregated historical life cycle data of materials and
processes to analyze sustainability impacts in areas of the life cycle where a
company has limited insight and control [9]. However, the questions about which
data to assess, and which sustainability impacts to calculate remain. Therefore,
companies might be attracted by standard sets of sustainability criteria to apply in
all design projects, which from a sustainability and design perspective, is not
ideal [10].

Against this background, the concept of leading sustainability criteria has evolved
[5, 11]. Leading sustainability criteria (LSC) are defined using a strategic sustain-
ability perspective and life cycle thinking. Together, LSC cover all life cycle phases
and sustainability dimensions, address aspects that are difficult to change later in a
design project, and are defined in a way that enables compliance assessment.
However, current approaches for identifying LSC can be improved in terms of
usefulness, usability and applicability, just like other sustainable design methods
and tools [2, 12]. The aim of this study is to propose an approach to identify leading
sustainability criteria that are applicable in many company contexts, without the
need for expert facilitation. Guided by the research question “What are some benefits
and drawbacks with different approaches for defining leading sustainability criteria
to guide definition of product requirements?,” this chapter therefore compares and
discusses the usefulness, usability and applicability of two approaches for
identifying LSC.
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28.2 Research Design

The research design is based on a comparative case study, for example, [13, 14],
where the two approaches for identifying LSC are evaluated. Three use cases when
the approaches have been applied are evaluated. The results and feedback from each
use case are analyzed using the evaluation criteria usefulness, usability, and
applicability [15].

28.2.1 Approaches to Identify Leading Sustainability Criteria

The two approaches for identifying LCS are described in this section.

28.2.1.1 The Sustainability Design Space Approach

The Sustainability Design Space (SDS) approach was developed for a product
design team to identify and represent an acceptable, sustainability compliant,
space for candidate designs [10]. A similar approach as the Set-Based Concurrent
Engineering, set out by Sobek et al. [16], was used, in which the criteria should be
used to set targets and guide the development of concepts and new innovations at the
company. The main reason for the development of this approach was to avoid
suboptimization as when sustainability-related criteria exist in product requirements
today, they are often developed based on effects that are assumed to be desirable or
not, along with being easy to assess.

The SDS aims to identify the prioritized life cycle sustainability aspects for the
company products. It also gives answer to what a degree a concept performs in
relation to a sustainable solution. The user should be familiar with the company
product and production and there are three steps to create the complete sustainability
design space, see Fig. 28.1. LSC are selected in an additional fourth step. Templates
for each of these steps are available for the user. The four steps are:

Sustainability|Design Space

'rsuategic Sustainability Criterion Tactical ility Design inability C li. Index b
+ the ideal long-term sustainability target * defines the prioritized sustainability * ametric that states the levels of
and something to strive for, is based on aspect that supp e for each of the strategic
arigorous ition of inability 3 I ey criteria as a means to
sustainability criterion. ionalize the use of criteria
A nd tactically.
Provide answer to: Provide answer to:
‘What are the prioritized sustainability aspects for the company ‘What performance a concept has in relation to a sustainable solution.
products & production.

Fig. 28.1 The three steps to create the complete sustainability design space [10]
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1. Develop strategic sustainability criteria: These are the ideal long-term sustain-
ability targets and something to strive for. The long-term criteria are developed
using a principle-based definition of sustainability combined with backcasting
[17, 18]. The user formulates these for one product life cycle stage at a time with
the guidance question: What materials, production processes, and activities
should you aim for or avoid in your future solutions that will contribute to a
development which is in line with the overarching sustainability principles for a
sustainable society.

2. Tactical Sustainability Design Guidelines: These are the prioritized sustainability
aspects that support development toward the long-term strategic sustainability
criteria. The user formulates 1-2 design guidelines for each criterion and connects
these to any of the sources such as long-term strategic goals for industry; safety
documents, recycling manual, key performance indicators—social and environ-
ment, material lists, code of conduct, environmental policy, environmental.

3. Develop Sustainability Compliance index (SCI) for each criterion: SCI is a metric
that states the levels of compliance for each of the strategic sustainability criteria
to operationalize the use of the criteria strategically and tactically. The user
defines the SCI levels guided from a generic developed SCI scale, inspired by
and adapted from other maturity or readiness scales such as the Technology
Readiness Level [19], Sustainability Integration Stages [20], and Capability and
Evolution Levels [21].

4. Select the Leading Sustainability Criteria (LSC): The LSC was added to the
Sustainability Design Space approach in further research [11] as there is a need
for a set of selected criteria to represent the most important sustainability aspects
that can be accomplished within the time-constrained early design decisions. The
increased data availability later in the design development, enables more detailed
analysis and down-selection between fewer alternatives with improved certainty
[22]. The user selects the LSC based on the characterizations of the leading
criterion which are: possible to find data and information for SCI judgement;
includes all dimensions of sustainability, that is, social perspective, environmen-
tal and, economical perspective (business perspective for the company); and,
based on aspects that will affect the concept design directly or indirectly and that
will be hard to change later on (or more costly).

The SDS has been conducted completely in one manufacturing company and
partly in two other manufacturing companies in Sweden with facilitation from one or
two researchers. Most of the work to complete and finalize the different steps of the
Sustainability Design Space have been done by the researchers, as it was too
cumbersome and time demanding for the users as it requires a workload of about
3—4 days. However, a completed SDS only needs to be updated approximately every
other year.
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28.2.1.2 The Leading Sustainability Criteria Workshop Approach

In the leading sustainability criteria workshop (LEASA), elements of the SDS
approach and a Sustainable Product Development workshop for early design phases
[23] have been combined. In a facilitated workshop, participants go through the three
steps “to be,” “as is,” and “strategies” to identify possible design strategies and
activities to leverage sustainability performance in their design projects. In this way,
backcasting from an ideal sustainable solution, defined using a holistic sustainability
and life cycle perspective, guides the criteria identification process. A final, fourth
step aims to help participants select, and possibly combine, strategies and
reformulate these to fit into the characteristics of LSC. Templates with guiding
questions and checklists are used in each step to support discussion and help capture
the results. At the end of the workshop, participants have a list of LSC for their
specific design project. Table 28.1 gives an overview of the workshop steps,
including examples of guiding questions. A more detailed description of step 1-3
can be found in Schulte and Hallstedt [23].

Table 28.1 Overview of steps in the workshop approach to identify Leading Sustainability Criteria
from which step 1-3 is adopted from the Sustainable Product Development workshop method [23]

Workshop Type of

steps What support Example

1. To be Describing the characteristics of | Guiding | What functions are satisfied by a
the ideal, sustainable, solution questions | sustainable solution?

2. As is Assessment of the current solu- | Guiding | What are current sustainability
tion (if there is one), otherwise of | questions | challenges and opportunities to
current portfolio, in relation to deliver those functions—Con-
the characteristics identified in sidering the life cycle phases:
step 1 Raw materials, production,

usage and maintenance, and end
of life

3. Sustainable | Discussion and identification of | Template | A blank template is provided for

design possible actions and strategies to this step, in order to leave room

strategies bridge the gap between the ideal for the participants’ own expe-
solution (step 1) and the current rience and creativity
(step 2)

4. Leading Selection of strategies and Checklist | The LSC:

sustainability | actions from step 3 and reshaping — Cover all life cycle phases

criteria of these into leading sustainabil- and sustainability dimensions
ity criteria — Are measurable

— Address aspects that can-
not be changed later in the
design process
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28.2.2 Comparative Quality Evaluation and Use Case
Selection

The comparative evaluation of the two approaches is enabled through the definition
of quality evaluation criteria. In design research, quality can be described in terms of
usefulness, usability, and applicability [15]. Usefulness refers to how well a method
or tool lives up to its intended use, usability refers to how easy it is to use the method
or tool as intended, and applicability refers to the scope of use contexts in which the
method or tool can be used.

The indicators used in the quality evaluation and the selection of use cases are
described below. Indicators for each of the quality criteria are defined to structure the
comparative evaluation. To evaluate the usefulness of the two approaches, the
accuracy of the identified LSC (in relation to the characteristics of leading sustain-
ability criteria) in the different use cases is evaluated. The usability is evaluated
through qualitative analysis of participant feedback, researcher memos, analysis of
the materials used by the participants, as well as participant profiles. The applica-
bility is evaluated by triangulating the accuracy of identified LSC, participant
feedback, and the use case context, that is, type of industry and design project. An
overview of the quality evaluation criteria can be found in Table 28.2.

The two approaches have been developed and tested together with industry and in
engineering education in several cases. In this research, three use cases that represent
different use contexts have been selected. The first use case describes the application
of the SDS within an aerospace engine component development and manufacturing
firm. The second use case describes the application of the SDS approach and the
LEASA workshop at an industrial sealing solutions manufacturer, and the third use
case describes the application of the LEASA workshop in a design engineering
education context. Together, the three use cases summon perspectives of a wide
range of user profiles and use context.

Table 28.2 Overview of quality evaluation criteria

Quality

criteria Evaluation aspect Analysis method

Usefulness Type of outcomes, accuracy of identified LSC Qualitative con-
tent analysis

Usability Type of facilitation, time, participant feedback, researcher Qualitative con-

memos, materials, participant profiles tent analysis

Applicability | Participant feedback/use case context Qualitative data

triangulation
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28.3 Evaluation of Use Cases

In this section, the results from the LSC identification in the three use cases are
presented and structured according to the quality evaluation criteria. Hence, the
results which were evaluated include a description of the approach for each use case,
examples of LSC, summaries of participant feedback and researcher memos,
descriptions of the templates used by participants, and a description of the use
case context. An overview can be found in Table 28.3, and detailed results in the

subsections.
Table 28.3 Overview of three use cases and workshop approach applications
Use case/ | Use context/participant Time/researcher Outcomes (degree of
approach | profiles and (number) involvement implementation)
1/SDS (a) Aerospace engine com- | Several days / In — Long-term sus-
ponent design, (a) researchers responsible | tainable design targets
(b) construction equipment | for all steps. In from step i
product design, / specialists | (b) researchers conducted — Tactical design
on engineering design and | step i and step ii and guidelines from step ii
sustainability (1 person per | consulted company — Sustainability
company) participants compliance index
(SCI) from step iii
— Leading sustain-
ability criteria from
step iv
(a: Implemented in
product development
process, b: Used result
in further research)
2 Industrial sealing solution — SDS: Several — Long-term sus-
-SDS component design / sus- months/company represen- | tainable design targets
-LEASA tainability manager, spe- tatives responsible for sus- | from step i
workshop | cialist on sustainable tainability design space — Tactical design
product development with support from guidelines from step ii
implementation (2) researcher on occasion (partly)
— LEASA: 2N/ — Leading sustain-
researcher facilitation ability criteria from
step iv
(Used result in further
research)
3/LEASA | Course projects (product 2 h/researcher facilitation | Leading sustainability
workshop | service system and systems criteria
engineering design/Master- (Used in course project
level students (32) and in further
research)
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28.3.1 Use Case (1) Sustainability Design Space in Aerospace
Engine Component Design and in Construction
Equipment Design

The SDS was the first time conducted in an Aerospace Engine component case
company as the research and development department wanted to increase the
capability to integrate a sustainability perspective in their decision-making system.
In an action research-based approach, the SDS was developed as a novel approach in
parallel to the development of the SDS for the company. The second time the SDS
was conducted, a new company was selected that represented another industrial
sector with a different product- and production process to validate its usefulness,
usability as well as its generalizability. In both cases, a sustainable product devel-
opment researcher led the work and consulted the company practitioners in several
interactive activities. The work took place over a period of 6 months but the
workload to conduct all four steps is estimated to about 4 days of concentrated
work. An example of a LSC is provided in Fig. 28.2.

28.3.1.1 Usefulness, Usability, Applicability

The SDS approach can be considered to have high usefulness, as it provided the
companies with a set of tools that could be implemented into several layers of their
product development processes. This provides strategic management with long-term
targets to guide the portfolio development. The tactical level is provided with

Leading sustainability criteria

Lifecycle phase: End-of -Life

All valluable materials/components are returned to the value chain for
remanufacturing and recycling.

Recycling is monitored, and over 50% of the products are
remanufactured.

Some materials/components are recycled but no systematic
& monitoring of recycling is performed (information is lacking about
recycling).

No recycling/remanufacturing of components takes place at end of

fife.

Do not know if and how much recycling/remanufacturing of
materials/components occur at the end of life.

Fig. 28.2 Example of leading sustainability criteria for the life cycle phase “End-of-Life,” derived
with the SDS approach. The SCI columns shows criteria for different levels of sustainability
compliance. (Adapted from [10])
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sustainability criteria and tactical guidelines to define the scope of sustainability
improvements, guiding toward which analyses that must be made to progress in a
design project. And the operational level can use the SCI scale to evaluate the
sustainability performance against a targeted level. The usability can, however, be
considered as moderate, due to the time requirements as well as the need for expert
consultation. Access to a great variety of cross-disciplinary company documentation
is needed, as well as competency in strategic sustainability thinking. The combina-
tion of these two aspects may require the involvement of a specialist group, rather
than as in this case, a researcher. Hence, industrial application might be dependent
on access to a high level of sustainability competency.

With respect to the evaluation criteria for usefulness, usability, and applicability,
the SDS scores high in usefulness but can be considered to have limited usability and
applicability.

28.3.2 Use Case (2) Combination of Sustainability Design
Space and Leading Sustainability Criteria Workshop
Within Industrial Sealing Solutions Design

A design engineer with responsibility for implementing sustainable product devel-
opment in the product development process at the company was together with and a
sustainability manager in the process of finalizing a SDS. Using the templates, and
with limited support from a sustainable product development researcher, they had
defined the long-term sustainability targets but not yet the tactical guidelines or the
LSC. To enable participation in a study that require LSC as input, they therefore
participated in a LEASA workshop. As a result, the participants became familiar
with both the SDS and LEASA, and thus able to give feedback on the two. A 2-h
LEASA workshop was organized and facilitated online by two researchers guided
the participants through all steps.

28.3.2.1 Usefulness, Usability, Applicability

A combination of both the SDS and LEASA provided the opportunity for the
company to reflect on both approaches.

The SDS approach was considered to have high usefulness, as it forced the
practitioners to assess the whole management structure of the company that could
be related to product development and sustainability. In this way, the SDS provided
an opportunity for the practitioners to gain deep knowledge about the extent to which
sustainability is included in the decision-making processes that influence the product
development process, for instance, what type of requirements, standards, and certi-
fications that support a long-term vision for sustainability. Another useful aspect of
the SDS was the opportunity to build cross-disciplinary in-house networks of
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competencies. The two practitioners conducting the SDS had to engage with other
company functions to find all required company documents, and to learn in which
way they were used. To ensure this level of expertise in the group of participants that
are selected for a LEASA workshop can be difficult as it might not be possible to
know beforehand which roles that possess the right competencies. The LEASA
approach was considered useful, as it provided an opportunity to from the beginning
direct the selection and formulation of LSC so that they could work effectively as
criteria in concept development and selection. In this way, the LEASA approach was
considered as time efficient. However, the participants acknowledged that their
background knowledge provided by the SDS probably made the application of the
LEASA approach smoother than in a context where participants are completely new
to it. A combination of SDS and LSC can be considered as well-performing in
respect to all quality criteria, that is, highly useful, usable, and applicable.

28.3.3 Use Case (3) Leading Sustainability Criteria
Workshop in Engineering Design Education Projects

Students in two project courses in engineering design were given a workshop series
in sustainable design as part of their project work. One of the courses was on product
service system innovation (PSS) and given to 16 students in their second year of their
master program, while the second course was on Systems Engineering (SE) and
given to 25 students in their first year of their master. The LEASA workshop
constituted as the first out of three 2-h workshops in the series and was held online
in both courses. The students had been asked to refresh their memory on sustain-
ability and sustainable design before joining the workshop and were at the beginning
of the workshop sessions introduced to the purpose of the workshop and to the
workshop templates. Thereafter, the students were sent to break out rooms in the
online meeting, and the facilitating researcher moved between the rooms to support
their discussions and to introduce each new step of the workshop. The PSS students
were given the workshop series at the end of their course, just before making critical
and final design decisions in their projects. The SE students, on the other hand, were
given the workshop in the beginning of their projects, in a phase of need-finding and
planning.

28.3.3.1 Evaluation of Usefulness, Usability, Applicability

With moderate supervision from the facilitating researcher, all nine teams were able
to formulate a list of LSC at the end of the workshops. The checklist for LSC
characterization helped ensure that all life cycle stages and all three sustainability
dimensions were covered by the LSC, but not all teams managed to define LSC with
respect to information availability and delimitation of the design space. However,
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Leading sustainability criteria (LSC) Comment

LSC 1|Benefit the health of the end user As high as possible

Benefit the psycological wellbeing of
the user As high as possible [Use

Fig. 28.3 Example of leading sustainability criteria developed in use case iii. The colors indicate
sustainability dimension (green = ecological, yellow = social, blue = economic) and the comments
indicate the desired performance level

with an extra hour of team discussion and supervision it is likely that the students
would have been able to apply these characterization criteria as well. Taking only
two and a half hours, it still led to valuable results, that is, sustainability criteria that
the students used to guide concept development from a sustainability perspective in
their design projects. Figure 28.3 shows an excerpt from a team template shows an
example list of LSC.

As an education tool, the LEASA approach can hence be considered to score high
in both usability and applicability but moderate level on a usefulness point of view.

28.4 Concluding Discussion

This study presents the result of a systematic comparison and assessment of the
usefulness, useability, and applicability of two approaches to identify leading sus-
tainability criteria and have discussed their benefits and drawbacks from an indus-
trial, educational, and academic point of view. In brief, the SDS approach gives more
detailed outcomes than the LEASA approach, but on the other hand demands more
resources and time to conduct. To support a selection and implementation of support
tools in industry, we propose aspects such as usefulness, usability, and applicability,
as a standardized and objective way to present support methods and tools in an
organized structure. This is in line with the research road map, presented by Faludi
et al. [2], in which the identification of success factors and examples of needs in
industrial cases is pointed out as key research area for enhanced implementation of
support tools.

A standardized way of comparison can be of value for industry when selecting
approaches with similar purposes and thereby they can more easily navigate between
different choices for different organizational levels [24]. Today, many tool databases
are available for practitioners, who can base their selection on whether they need
support with, for example, idea generation, provision of generic information in
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checklists, or environmental design guidelines. However, there is still a lack of
guidance which is complete and context-specific enough, that is, covering all three
sustainability dimensions, easy to use and actionable, for industrial practitioners who
can benefit from support that considers sustainability from early stage to late stage of
product development process (e.g., in [25]). A standardized approach in assessing
them would be supportive for industry and regulators to select the most appropriate
tool for the task at hand. To strengthen the validity of findings, future comparative
studies can also include results from tools applications free from researcher
involvement.

In the next subsection follows a discussion on the identified benefits and draw-
backs of the two approaches to identify LSC, and how these findings can be used to
leverage improved usefulness, usability and applicability of other sustainable design
tools and methods.

28.4.1 Benefits and Drawbacks with the Sustainability Design
Space and the Leading Sustainability Criteria
Workshop

In Sect. 28.3, we presented an evaluation of the SDS approach and the LEASA
approach applied in three use cases. The SDS approach scored high in usefulness,
while the LEASA approach performed better in usability and applicability. More
specifically, the SDS approach was more successfully than LEASA supported the
identification of sustainability criteria compliant to LSC- characteristics. Presence of
relevant competencies and enough time in the last LEASA workshop step were
pointed out as crucial factors to mitigate this limitation.

The usefulness of LEASA could therefore, potentially, be leveraged from usabil-
ity improvements, for instance, through additional instructions with proposed time
spending per step and role descriptions to guide participant selections. Such mea-
sures could also improve the usability of the SDS approach but does not change the
fact that it requires time and dedication to reach a sufficient depth. This is the key
strength of the SDS approach that provides the whole product development organi-
zation with more robust decision support, that is, long-term sustainability targets,
tactical design guidelines, and, of course, LSC that can be reused. The LEASA
approach is useful when such rigor background does not yet exist, or when there is
time or competency limitations, as it does provide LSC, and if it is an acceptable risk
that important information remains unknown.

The applicability of LEASA scored high as it can be used in several contexts,
even as an educational tool. An organization could, hence, use the tool both
operationally and to increase the sustainability competency of the employees.
Raising the sustainability competency organization might then ease the implemen-
tation of the approach, as well as more detailed approaches such as SDS, in the
product development process.
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28.4.2 Depth and Detail Versus Quick and Easy

The general assumption may be that tools and methods that are easy-to-use and
quickly generate results are less robust and advanced. However, there is no evident
connection and clear answer to if a “quick and easy” tool will generate less “depth
and detail”, that is, limited quality of results. We argue, on the contrary, that the
quality instead may depend on the rigidity of the approach that the tool applies, that
is, whether it is based on a scientific verified framework and has been developed for
the needs of the users. “Less is more” might apply in some contexts but should not
neglect the important challenge to “simplify without reduction,” regardless of
whether the tool is quick and easy. This is particularly true for the area of sustainable
development where it otherwise may result in suboptimization and investment that
run the company into dead ends [26]. One important part is to select the right tool for
the specific task or purpose. For companies that are uncertain of which approach they
should select, we therefore propose a guiding support tool with questions that the
project team at the company should ask themselves before selecting the tool, such as
“why to use a tool”; “when to use it”; “who and how to use it”; “what is the data
input”; or “what is the data output.”

How can then sustainable design tools be designed for high usefulness, optimal
usability, and through easy adaptability, also leverage high applicability in industry?
In future research, we will explore this question further and collect examples and
cases when support tools have been successful in terms of these three evaluation
aspects. Additional questions: What are the success factors and how can academia
and industry work together in order to reach success in purpose of sustainability
implementation?; What role do regulators, governmental authorities, standard orga-
nizations play to allow for different types of support tools to enhance sustainability
integration at different organizational levels in companies, with different needs?;
and, How can these actors advise about support methods and tools for sustainable
product development and steer the industry in the right direction for society to move
faster in the sustainability transition? These are examples of questions that need to be
further explored in future research.

Acknowledgements This research was made possible through financial support from projects at
Blekinge Institute of Technology funded by the Knowledge Foundation and Vinnova. Sincere
thanks to industrial partners and student participants.

References

1. Alblas AA, Peters KK, Wortmann JH (2014) Fuzzy sustainability incentives in new product
development. Int J Oper Prod Manag 34:513. https://doi.org/10.1108/IJOPM-10-2012-0461

2. Faludi J et al (2020) A research roadmap for sustainable design methods and tools. Sustain-
ability 12(19):8174. https://doi.org/10.3390/su12198174


https://doi.org/10.1108/IJOPM-10-2012-0461
https://doi.org/10.3390/su12198174

426 M. Watz and S. 1. Hallstedt

3.

W

S

10.

1

—

13

16.

17.

18.

19.

20.

21.

22.

23.

24.

Byggeth S, Hochschorner E (2006) Handling trade-offs in ecodesign tools for sustainable
product development and procurement. J Clean Prod 14(15-16):1420-1430. https://doi.org/
10.1016/j.jclepro.2005.03.024

. Manzetti S, Mariasiu F (2015) Electric vehicle battery technologies: from present state to future

systems. Renew Sustain Energy Rev 51:1004—1012. https://doi.org/10.1016/j.rser.2015.07.010

. Kravchenko M, Pigosso DCA, McAloone TC (2020) A trade-off navigation framework as a

decision support for conflicting sustainability indicators within circular economy implementa-
tion in the manufacturing industry. Sustainability 13(1):314. https://doi.org/10.3390/
sul3010314

Poulikidou S, Bjorklund A, Tyskeng S (2014) Empirical study on integration of environmental
aspects into product development: processes, requirements and the use of tools in vehicle
manufacturing companies in Sweden. J Clean Prod 81:34-45. https://doi.org/10.1016/].
jclepro.2014.06.001

Byggeth S, Broman G, Robert K-H (2007) A method for sustainable product development
based on a modular system of guiding questions. J Clean Prod 15(1):1-11. https://doi.org/10.
1016/j.jclepro.2006.02.007

Nilsson S, Sundin E, Lindahl M (2018) Integrated product service offerings—challenges in
setting requirements. J Clean Prod 201:879-887. https://doi.org/10.1016/j.jclepro.2018.08.090

. Neramballi A et al (2020) A design navigator to guide the transition towards environmentally

benign product/service systems based on LCA results. J Clean Prod 277:124074. https://doi.
org/10.1016/j.jclepro.2020.124074

Hallstedt SI (2017) Sustainability criteria and sustainability compliance index for decision
support in product development. J Clean Prod 140:251-266. https://doi.org/10.1016/].jclepro.
2015.06.068

. Hallstedt SI, Isaksson O (2017) Material criticality assessment in early phases of sustainable

product development. J Clean Prod 161:40-52. https://doi.org/10.1016/j.jclepro.2017.05.085

. Brambila-Macias SA, Sakao T (2021) Effective ecodesign implementation with the support of a

lifecycle engineer. J Clean Prod 279:123520. https://doi.org/10.1016/j.jclepro.2020.123520

. Bazeley P (2013) Qualitative data analysis: practical strategies. Sage, Thousand Oaks, CA
14.
15.

Hennink M, Hutter I, Bailey A (2020) Qualitative research methods. Sage, Thousand Oaks, CA
Blessing LT, Chakrabarti A (2009) DRM: a design research methodology. Springer, London,
pp 1342

Sobek DK 11, Ward AC, Liker JK (1999) Toyota’s principles of set-based concurrent engineer-
ing. Sloan Manage Rev:67-83

Broman GI, Robert KH (2017) A framework for strategic sustainable development. J Clean
Prod 140:17-31. https://doi.org/10.1016/j.jclepro.2015.10.121

Vergragt PJ, Quist J (2011) Backcasting for sustainability: introduction to the special issue.
Technol Forecast Soc Change 78(5):747-755. https://doi.org/10.1016/j.techfore.2011.03.010
Mankins JC (1995) Technology Readiness Levels e a White Paper. April 6, 1995. Advanced
concepts Office of Space Access and Technology. NASA

Willard B (2005) The next sustainability wave. New Society Publishers, Gabriola Island
Pigosso DC, Rozenfeld H, McAloone TC (2013) Ecodesign maturity model: a management
framework to support ecodesign implementation into manufacturing companies. J Clean Prod
59:160e173. https://doi.org/10.1016/j.jclepro.2013.06.040

Unger DW, Eppinger SD (2009) Comparing product development processes and managing
risk. Int J Prod Dev 8:382. https://doi.org/10.1504/1JPD.2009.025253

Schulte J, Hallstedt SI (2018) Workshop method for early sustainable product development. In:
DS 92: proceedings of the DESIGN 2018 15th International Design Conference, pp 2751-2762
Zhang F et al (2013) Toward a systemic navigation framework to integrate sustainable devel-
opment into the company. J Clean Prod 54:199-214. https://doi.org/10.1016/j.jclepro.2013.
03.054


https://doi.org/10.1016/j.jclepro.2005.03.024
https://doi.org/10.1016/j.jclepro.2005.03.024
https://doi.org/10.1016/j.rser.2015.07.010
https://doi.org/10.3390/su13010314
https://doi.org/10.3390/su13010314
https://doi.org/10.1016/j.jclepro.2014.06.001
https://doi.org/10.1016/j.jclepro.2014.06.001
https://doi.org/10.1016/j.jclepro.2006.02.007
https://doi.org/10.1016/j.jclepro.2006.02.007
https://doi.org/10.1016/j.jclepro.2018.08.090
https://doi.org/10.1016/j.jclepro.2020.124074
https://doi.org/10.1016/j.jclepro.2020.124074
https://doi.org/10.1016/j.jclepro.2015.06.068
https://doi.org/10.1016/j.jclepro.2015.06.068
https://doi.org/10.1016/j.jclepro.2017.05.085
https://doi.org/10.1016/j.jclepro.2020.123520
https://doi.org/10.1016/j.jclepro.2015.10.121
https://doi.org/10.1016/j.techfore.2011.03.010
https://doi.org/10.1016/j.jclepro.2013.06.040
https://doi.org/10.1504/IJPD.2009.025253
https://doi.org/10.1016/j.jclepro.2013.03.054
https://doi.org/10.1016/j.jclepro.2013.03.054

28 Depth and Detail or Quick and Easy? Benefits and Drawbacks of. . . 427

25. Kwok SY, Hallstedt IS (2018) Towards strategic sustainable product development: challenges
and opportunities for communicating sustainability in a value chain. In: Proceedings of Inter-
national Design Conference - Norddesign — Linkoping, August 14-17, 2018

26. Broman G, Holmberg J, Robért KH (2000) Simplicity without reduction: thinking upstream
towards the sustainable society. Interfaces 30(3):13-25. https://doi.org/10.1287/inte.30.3.13.
11662


https://doi.org/10.1287/inte.30.3.13.11662
https://doi.org/10.1287/inte.30.3.13.11662

	Preface
	Contents
	Part I: Collaborative Design
	Chapter 1: Modeling Local Product Development Through Multidisciplinary Collaboration: A Case Study in Nagara, Chiba Prefectur...
	1.1 Introduction
	1.2 Incorporating Design Thinking into Regional Revitalization
	1.3 Local Product Development in Nagara
	1.3.1 Observing the Situation
	1.3.2 Defining Issues
	1.3.3 Creating Ideas
	1.3.4 Prototype Testing Before the COVID-19 Outbreak
	1.3.5 Prototype Testing During the COVID-19 Pandemic

	1.4 Modeling Local Product Development
	1.5 Discussion
	References

	Chapter 2: Developing Reusable Packaging for FMCG: Consumers´ Perceptions of Benefits and Risks of Refillable and Returnable P...
	2.1 Introduction
	2.2 Theoretical Background and Hypotheses
	2.2.1 Perceived Benefits Related to the Adoption of Reusable Packaging Systems
	2.2.2 Perceived Risks Related to the Adoption of Reusable Packaging Systems

	2.3 Method
	2.3.1 Design, Procedure and Measurements
	2.3.2 Sample
	2.3.3 Stimuli and Scenarios

	2.4 Results
	2.4.1 Evaluation of the Measurements
	2.4.2 Different Consumers´ Responses Between Types of Packaging and Product Categories
	2.4.2.1 Differences in the Evaluation of Perceived Benefits
	2.4.2.2 Differences in the Evaluation of Perceived Risks
	2.4.2.3 Purchase Intention of Three Types of Packaging


	2.5 Discussion
	Appendix 1:Stimuli and Six Conditions Used in Questionnaire
	Appendix 2: Measurement Scales
	References

	Chapter 3: Design, Evaluation, and Acceptance of Advanced Energy-Efficient Houses for Thailand
	3.1 Introduction
	3.2 Methods
	3.2.1 Procedure and Target Area
	3.2.2 Design of Energy-Efficient Houses
	3.2.3 Estimation of Cooling Energy Demand, Etc.
	3.2.4 Stakeholder Discussions

	3.3 Results and Discussion
	3.3.1 Design of Energy-Efficient Houses
	3.3.2 Stakeholder Discussions

	3.4 Conclusion
	References

	Chapter 4: Explore the Framework Construction of Gamification Applied to Basic Design Teaching
	4.1 Introduction
	4.2 Literature Review
	4.2.1 Gamification Framework
	4.2.1.1 The Definition of Gamification
	4.2.1.2 The Framework for Gamification

	4.2.2 Gamification Teaching and Gamification Teaching Framework
	4.2.3 Gamification and Basic Design Teaching for Cultivating Creativity

	4.3 Research Process and Method
	4.3.1 Preliminary Framework Construction
	4.3.1.1 Teacher´s Asking Integrating Teaching Objectives and Gamified Story Situation
	4.3.1.2 The Creative Thinking of Integrating Gamified Dynamics
	4.3.1.3 Doing the Design by Incorporating Game Mechanics
	4.3.1.4 Evaluation by Digital Technology

	4.3.2 Expert Interview

	4.4 Result and Discussion
	4.4.1 Result
	4.4.2 Discussion

	References

	Chapter 5: Future Design-Based Policy Making Card Game for High School Education
	5.1 Introduction
	5.1.1 Background
	5.1.2 Purpose of This Research

	5.2 Method
	5.2.1 Outline of the Class
	5.2.2 Design of the Card Game
	5.2.3 Procedure of the Class
	5.2.4 Details of the Questionnaire

	5.3 Results and Discussion
	5.3.1 Results of the Game
	5.3.2 Results of the Questionnaire

	5.4 Summary
	References


	Part II: Sustainable Innovation
	Chapter 6: Frugal Innovation in BOP Communities: Co-Design of a Technical Solution to Support Community Agriculture in Mexico
	6.1 Introduction
	6.2 Frugal Innovation and Co-Design
	6.2.1 Frugal Innovation
	6.2.2 Co-Designing with BOP People

	6.3 Method
	6.4 Prototype Design
	6.4.1 Requirements
	6.4.2 Function Analysis
	6.4.3 Generating Alternatives
	6.4.4 Alternatives Evaluation
	6.4.5 Design Concept
	6.4.6 Detailed Design
	6.4.6.1 Dosage Subsystem
	6.4.6.2 Thorns Cleaning Subsystem
	6.4.6.3 Classifier Subsystem
	6.4.6.4 Machine-User Interaction Subsystem

	6.4.7 Validation

	6.5 Implications and Limitations
	6.6 Conclusions
	References

	Chapter 7: Exploring Frugal Innovation as an Ecodesign Strategy: A Case Study of a Water Access Solution at the BoP
	7.1 Introduction
	7.2 Prior Research
	7.2.1 Frugal Innovation and BoP Entrepreneurs
	7.2.2 Water Access Solutions in the BoP

	7.3 Research Method
	7.3.1 Case Selection
	7.3.2 Data Collection
	7.3.3 Data Analysis

	7.4 Findings
	7.4.1 Description of the Innovation of Isla Urbana
	7.4.2 Frugality
	7.4.3 Resources Sharing
	7.4.4 Human Side

	7.5 Implications and Limitations
	7.6 Conclusions and Further Research
	References

	Chapter 8: A Methodical Concept for the Development of Sustainable Products Through Radical Innovations
	8.1 Introduction
	8.2 Current Challenges
	8.2.1 State of the Art
	8.2.2 Critical Reflection

	8.3 User Study
	8.3.1 Methodical Approach
	8.3.2 Company Survey
	8.3.3 Reflection of the Results

	8.4 Concept Development
	8.4.1 Methodical Approach
	8.4.1.1 Identification of Needs and Goal Definition
	8.4.1.2 Gathering and Analysing Existing Knowledge
	8.4.1.3 Design and Development
	8.4.1.4 Evaluation

	8.4.2 Requirements on the System
	8.4.3 System Definition
	8.4.4 Reference Process
	8.4.4.1 Technology and Market Assessment
	8.4.4.2 Knowledge Generation
	8.4.4.3 Idea Generation
	8.4.4.4 Conceptualisation and Business Planning
	8.4.4.5 Project Generation

	8.4.5 Concept Application

	8.5 Consideration and Outlook
	References

	Chapter 9: Thinking Model for Japanese Small and Medium-Sized Enterprises Innovation Explicated by OntoIS
	9.1 Introduction
	9.2 Ontology and Its Application
	9.3 Method
	9.4 Results and Discussion
	9.4.1 Action Decomposition Tree Description
	9.4.1.1 Improvement 1
	9.4.1.2 Improvement 2

	9.4.2 Manual of OntoIS
	9.4.3 Analysis of SME Innovation Explicated by OntoIS

	9.5 Conclusion
	References

	Chapter 10: Applying Regenerative Sustainability Principles in Manufacturing
	10.1 Introduction
	10.2 Concepts and Definitions
	10.2.1 Sustainability Approaches
	10.2.2 Restoration and Regeneration
	10.2.3 Conservation and Preservation
	10.2.4 Ecosystems Services
	10.2.5 Ecocentric Environmental Performance

	10.3 Regenerative Sustainability in Manufacturing Systems
	10.4 Examples of Indicators and Actions
	10.5 Discussion
	10.6 Conclusion
	References

	Chapter 11: The Potential for Reverse Innovation in Sustainable Development: A Knowledge-Directed Outlook
	11.1 Introduction
	11.2 Scope and Perspective
	11.3 Background and Related Work
	11.3.1 Productive Problems and Effective Solutions
	11.3.2 Innovation and Knowledge
	11.3.3 Frugal Solutions, Reverse Innovation, and AT

	11.4 Aspects of Knowledge Creation Potentials
	11.4.1 Problem Identification and Formation
	11.4.2 The Context of Use Exposure
	11.4.3 Technological Convergence Disclosure

	11.5 Open Issues and Conclusions
	References


	Part III: Digital Technologies
	Chapter 12: Finding Applications for Secondary Raw Materials
	12.1 Introduction
	12.2 Method
	12.2.1 Identification of Applications for Secondary Raw Materials
	12.2.2 Revised Method
	12.2.3 Materials Databases and Tools
	12.2.3.1 Extensive Property Data
	12.2.3.2 The Find Similar Tool


	12.3 Results
	12.3.1 Original Study Reproduction
	12.3.2 PET Recycling
	12.3.3 PP Recycling

	12.4 Discussion
	12.5 Conclusion
	References

	Chapter 13: Digital Product Passports in Circular Economy: Case Battery Passport
	13.1 Introduction
	13.2 Material and Methods
	13.2.1 Literature Review
	13.2.2 Interviews
	13.2.3 Workshop

	13.3 Results
	13.3.1 Materials Passports
	13.3.2 Product Passports
	13.3.3 Battery Passport
	13.3.4 Interviews
	13.3.5 Workshop

	13.4 Conclusions
	References

	Chapter 14: Data Platforms as Tools for Circular Economy
	14.1 Introduction
	14.2 Theoretical Background
	14.2.1 Challenges in the Adoption of Circular Economy
	14.2.2 Data Platforms and Circular Economy

	14.3 Data Collection and Analysis
	14.4 Findings
	14.4.1 General Trends and Drivers in Data Use for Circularity
	14.4.2 Stakeholders´ Data Needs and Opportunities
	14.4.2.1 Overview Through the Value Chain
	14.4.2.2 Raw Materials Production and Materials Processing
	14.4.2.3 Manufacturing
	14.4.2.4 Marketing, Distribution and Sales
	14.4.2.5 Use and Reuse, Waste Management and Recycling
	14.4.2.6 Shared Data Needs and Opportunities Through the Value Network


	14.5 Discussion
	14.5.1 Data Platforms´ Potential Role in Enabling Circular Business Models in the Battery Value Chain
	14.5.2 System-Level Data Challenges
	14.5.3 Limitations of the Study

	14.6 Conclusion
	References

	Chapter 15: Artificial Intelligence for Process Control in Remanufacturing
	15.1 Introduction
	15.2 Process Control Technologies in Remanufacturing
	15.3 Problem Description/Formulation
	15.4 Convolutional Neural Networks
	15.5 Artificial Intelligence in Process Control
	15.5.1 Model Design Approach
	15.5.2 Datasets
	15.5.3 Model Training

	15.6 Model Evaluation and Results
	15.7 Conclusion
	References

	Chapter 16: Machine Recognition of ICs in Recycling Process of Small-Sized Electronics
	16.1 Introduction
	16.2 Previous Proposal and Remote Recycling
	16.2.1 Concept Proposal
	16.2.2 Problems in Remote Recycling

	16.3 Improved Way of Automated Recycling
	16.3.1 Application of AI to Parts Recognition
	16.3.2 Application to Recycling

	16.4 Hardware Settings and Data Preparation
	16.4.1 Environment for Machine Recognition
	16.4.2 Preparation of the Dataset (5000) for Machine Learning
	16.4.3 Dataset Improvement

	16.5 Training Results
	16.5.1 Structure of CNN and Hyperparameter Settings
	16.5.2 Training by the Dataset (5000)
	16.5.3 Training by the Dataset (5600)

	16.6 Classification Test Results
	16.6.1 Process of the Classification Test
	16.6.2 Results of the Classification Test
	16.6.3 Supplementary Test

	16.7 Summary
	References

	Chapter 17: Exploring New Way Media Information of the Product That Promote Sustainable Consumption and Production
	17.1 Introduction
	17.2 Standard Label and Environmental Label in Japan
	17.2.1 The Standard Label of Traditional Products in Japan
	17.2.2 The Environmental Label and Eco Mark of Environmental Products in Japan

	17.3 General Design Method
	17.4 The Current Label and Manual Instruction of Traditional Products
	17.5 User Attitude towards Current Label and Manual Instruction of Traditional Products
	17.6 User Attitudes Towards the Current Ecological Label Used in Environmental Products
	17.7 Designing Sustain Label Information (SLI) Based on the Users Attitudes and Preference
	17.7.1 Environmental Icon
	17.7.2 Design of Environmental Icons and Products Category Icons
	17.7.3 Incentive the Eco-Service Through the QR (Quick Response) Code-Based Information
	17.7.4 Design of Label of Products: Size and Materials

	17.8 Conclusion
	17.9 Limitation of Research and Consideration of Future Proposal Design
	References

	Chapter 18: Towards Digital Circular Design
	18.1 Introduction
	18.2 Circular Design Platform: Modelling Factory and Its Semantic Core
	18.3 Circular Design
	18.4 Materials and Methods
	18.4.1 Life Cycle Assessment (LCA)
	18.4.2 Life Cycle Costing (LCC)
	18.4.3 Social Life Cycle Assessment (SLCA)
	18.4.4 Life Cycle Sustainability Assessment (LCSA)
	18.4.5 System Dynamics (SD)
	18.4.6 Integrated Computational Materials Engineering

	18.5 Results and Discussion
	18.5.1 Network LCA for CE Design: Generic Web Service for Value-Chain Sustainability Optimization
	18.5.2 SD Models for CE Design: Analysis of Secondary Raw Materials Flows Using System Dynamics

	18.6 Summary
	References


	Part IV: Product and Process Design
	Chapter 19: Circular Furniture Design: A Case Study from Swedish Furniture Industry
	19.1 Introduction
	19.1.1 Aim
	19.1.2 Methodology

	19.2 Theoretical Background
	19.2.1 Disassembly Guidelines
	19.2.1.1 Case Studies: Existing Business Examples
	19.2.1.1.1 Swedese
	19.2.1.1.2 Flokk
	19.2.1.1.3 Orange Box: Remade



	19.3 The Case of Savo JOI
	19.3.1 User Studies
	19.3.1.1 Affinity Diagramming
	19.3.1.2 Design Solutions According to DfD-Guidelines


	19.4 Discussion
	19.5 Conclusions
	Appendix
	References

	Chapter 20: Current Challenges in the Lifetime Extension of Smartphones
	20.1 Introduction
	20.2 Materials and Methods
	20.3 Challenges and Opportunities in the Lifetime Extension
	20.3.1 Smartphone Lifetime Extension Opportunities
	20.3.2 Design for Circular Economy Strategies
	20.3.3 Design for Durability and Repair
	20.3.4 Prompting Repairs
	20.3.5 Alternative to Phone Ownership
	20.3.6 Life Cycle Length from a Consumer Perspective

	20.4 Policies for Lifetime Extension
	20.5 Interviews About the Challenges Behind the Lifetime Extension
	20.6 Summary
	References

	Chapter 21: Dielectric Elastomer Transducer (High-Efficiency Actuator and Power Generation System)
	21.1 Introduction
	21.2 Dielectric Elastomer (DE) Background
	21.3 Development of the Power Generation System Using DES
	21.3.1 DE Power Generation Using Solar Heat
	21.3.2 DE Power Generation Using Fluid
	21.3.3 DE Power Generation Using Wind Power
	21.3.4 Energy Saving Drive Using a DE Actuator

	21.4 Summary and Recommendations
	References

	Chapter 22: Sustainable Services in Convenience Stores: A Case Study on Food Loss Label
	22.1 Introduction
	22.2 General Design Research
	22.3 Convenience Stores and Food Loss
	22.3.1 The Convenience Stores in Japan
	22.3.2 Food Loss in Convenience Stores
	22.3.3 Initiative to Reduce Food Loss in Convenience Stores
	22.3.4 User Attitudes Toward an Initiative to Reduce Food Loss in Convenience Stores

	22.4 Designing a Sustainable Services to Reduce Food Loss
	22.4.1 Mottainai Food Label (MFL) and Mottainai Food Application for Convenience Stores (MFA-CV)L
	22.4.1.1 Feature of the Mottainai Food Loss Services Application

	22.4.2 Mottainai Food Label (MFL) with UV-Colour Change Resources
	22.4.3 Evaluation of Mottainai Food Label (MFL) and Mottainai Application for Convenience Stores (MFA-CV)

	22.5 Conclusion
	References

	Chapter 23: An Overview of Sustainability Held During 1992 to 2021 in China: An Industrial Design Perspective
	23.1 Introduction
	23.2 Research Significance
	23.2.1 Research Purpose
	23.2.2 Research Methods

	23.3 Results
	23.3.1 The Current Sustainable Development in China
	23.3.1.1 The Government´s Policy
	23.3.1.2 Economic Development

	23.3.2 Sustainable Development in Different Chinese Industries
	23.3.2.1 Home Appliance Industry Sector
	23.3.2.2 Haier Group: A Case Study of the Home Appliance Industry in China
	23.3.2.3 Plastic Packaging Industry in China
	23.3.2.4 Huangshan Yongxin Packaging Materials Co., Ltd.: A Case Study
	23.3.2.5 Automobile Industry in China
	23.3.2.6 BYD(BiYaDi) Auto: A Case Study

	23.3.3 General View of Sustainable Design in China
	23.3.3.1 Analyzing Sustainable Design in China
	23.3.3.1.1 The Economic Aspects
	23.3.3.1.2 The Cultural Aspects
	23.3.3.1.3 The Social Aspects

	23.3.3.2 The Sustainable Design in China Universities: A General View
	23.3.3.3 Sustainable Design Modules and Academic Projects
	23.3.3.4 Development of Industrial Products
	23.3.3.5 Implementation of Sustainable Design


	23.4 Discussion
	23.5 Conclusion
	References

	Chapter 24: Increased Personal Protective and Medical Equipment Manufacturing to Fight COVID-19: An Egregious Approach for the...
	24.1 Introduction
	24.1.1 Background on Personal Protective Equipment (PPE)
	24.1.2 COVID-19 Pandemic and the PPE
	24.1.3 PPE Manufacturing
	24.1.4 PPE Life Cycle
	24.1.5 Scope of Research

	24.2 Methodology
	24.2.1 Literature Review
	24.2.2 Industry Engagement

	24.3 Findings and Discussions
	24.3.1 Raw Materials Processing
	24.3.2 Manufacturing Process
	24.3.3 Transportation and Logistics Network
	24.3.4 Consumption and Usage
	24.3.5 End-of-Life Management of PPE

	24.4 Conclusion
	24.4.1 Discourage the Use of Single-Use PPE
	24.4.2 Improve Used PPE Collection, Sorting and Recycling
	24.4.3 Improve the Capabilities of Manufacturing and Supply Chain to Handle Wastes

	References

	Chapter 25: Silver Recovery from Spent Photovoltaic Panel Sheets Using Electrical Wire Explosion
	25.1 Introduction
	25.2 Materials and Methods
	25.2.1 PV Cell Sheet Sample
	25.2.2 Separation Method
	25.2.2.1 Electrical Explosion Using Pulsed Discharge
	25.2.2.2 Mechanical Milling Using Cutter Mill

	25.2.3 Analysis Methods

	25.3 Results and Discussion
	25.3.1 Separation Properties of the Electrical Explosion
	25.3.2 Separation Properties of Mechanical Milling
	25.3.3 Separation Properties of Mechanical Milling After the Electrical Explosion
	25.3.4 Optimum Process for Ag and Cu Recovery

	25.4 Conclusions
	References


	Part V: Design Methodology for Sustainability
	Chapter 26: Procedure Model to Support the Recycling-Oriented Design of Lithium-Ion Batteries for Electric Vehicles
	26.1 Introduction
	26.2 Basics on the Design and Recycling of LIBs to Support the Procedure Development
	26.2.1 Design and Structure of Current Battery Systems
	26.2.2 Possible Recycling Options for LIBs

	26.3 State of Research
	26.4 Procedure Model to Support the Derivation of Recycling Oriented Design Guidelines
	26.4.1 Requirement Analysis
	26.4.2 Systems Modelling
	26.4.3 Derivation of Alternative Design Options
	26.4.4 Decision Process
	26.4.5 Continuous Examination

	26.5 Examples for the Derivation of Recycling-Oriented Design Measures
	26.6 Conclusion and Outlook
	References

	Chapter 27: Holistic Ecodesign Framework Developed Through a Case Study in the Automotive Industry
	27.1 Introduction
	27.2 Research Methodology
	27.3 Results
	27.3.1 Literature Analysis
	27.3.2 Conceptualization of the Framework
	27.3.3 Case Study
	27.3.3.1 Discover Stage
	27.3.3.2 Define Stage
	27.3.3.3 Develop Stage
	27.3.3.4 Deliver Stage


	27.4 Discussion
	27.5 Conclusion
	References

	Chapter 28: Depth and Detail or Quick and Easy? Benefits and Drawbacks of Two Approaches to Define Sustainability Criteria in ...
	28.1 Introduction
	28.2 Research Design
	28.2.1 Approaches to Identify Leading Sustainability Criteria
	28.2.1.1 The Sustainability Design Space Approach
	28.2.1.2 The Leading Sustainability Criteria Workshop Approach

	28.2.2 Comparative Quality Evaluation and Use Case Selection

	28.3 Evaluation of Use Cases
	28.3.1 Use Case (1) Sustainability Design Space in Aerospace Engine Component Design and in Construction Equipment Design
	28.3.1.1 Usefulness, Usability, Applicability

	28.3.2 Use Case (2) Combination of Sustainability Design Space and Leading Sustainability Criteria Workshop Within Industrial ...
	28.3.2.1 Usefulness, Usability, Applicability

	28.3.3 Use Case (3) Leading Sustainability Criteria Workshop in Engineering Design Education Projects
	28.3.3.1 Evaluation of Usefulness, Usability, Applicability


	28.4 Concluding Discussion
	28.4.1 Benefits and Drawbacks with the Sustainability Design Space and the Leading Sustainability Criteria Workshop
	28.4.2 Depth and Detail Versus Quick and Easy

	References

	Chapter 29: Designing Interventions for Sustainability: A Conceptual Framework for Information Scoping in the Design Research ...
	29.1 Introduction
	29.2 Background Framework
	29.2.1 Design for Sustainable Behaviour (DfSB)
	29.2.2 Social Implication Design (SID) Methodology
	29.2.3 Transdisciplinary Framework for Behaviour Change

	29.3 Research Approach and Methodology
	29.3.1 Literature Review
	29.3.2 Case Study Meta-Synthesis

	29.4 Findings
	29.4.1 Findings from Literature Review
	29.4.2 Findings from Case Study Meta-Synthesis

	29.5 Theoretical Framework
	29.5.1 Contextual Factors
	29.5.2 Cultural Factors
	29.5.3 Intent Factors

	29.6 Discussion and Conclusion
	29.6.1 Limitations
	29.6.2 Further Scope

	References

	Chapter 30: A Sustainable Product-Service System (PSS) Design for Retail Food Loss and Waste: Research Through Design
	30.1 Introduction
	30.1.1 Research Background
	30.1.2 Product-Service System and Sustainable
	30.1.3 Research Aims and Questions

	30.2 Methods
	30.3 Results
	30.3.1 Causes of Food Waste
	30.3.2 Potential Design Solutions
	30.3.3 A Case-Study

	30.4 Discussion and Conclusion
	30.4.1 Discussion

	30.5 Conclusion
	References

	Chapter 31: Environmental and Economical Design Problem of Upgrading and Remanufacturing Option Selection
	31.1 Introduction
	31.2 Method
	31.2.1 Procedure of this Study
	31.2.2 Notation and Assumption
	31.2.3 Formulation

	31.3 Design Example
	31.3.1 Input Data of each Component
	31.3.2 Results

	31.4 Summary
	References


	Part VI: Energy System Design
	Chapter 32: Renewable Energy System in the Off-Grid Communities: The Systems´ Characteristics and Storage Technologies
	32.1 Introduction
	32.1.1 Challenges with the Existing Types of Energy Storage Technologies
	32.1.2 Research and Development on Sustainable Energy Storage Alternatives
	32.1.2.1 The Smart Grid and Connected Energy Storage
	32.1.2.2 EV-to-Grid and Smart Charging


	32.2 Methodology
	32.2.1 Shortlisting the Off-Grid Community Database
	32.2.2 Multiple Correspondence Analysis

	32.3 Results
	32.3.1 Descriptive Statistics of the Case Studies
	32.3.2 Multi Correspondence Analysis: Correlation Between the Systems´ Characteristics and their Choice of Storage Solutions
	32.3.2.1 Preparation of MCA
	32.3.2.2 MCA Results


	32.4 Discussions and Conclusions
	32.4.1 Storage Choices and Trends Found in the RE Based off-Grid Communities
	32.4.2 Indications from the Correlations Between the Systems´ Characteristics
	32.4.3 Towards more Sustainable Energy Storage for Off-Grid Renewable Energy System
	32.4.4 Venues for Further Studies

	References

	Chapter 33: Optimal Cooling Strategy for Energy Management Using Multi-Temperature Acquisition Points in a Protected Cropping ...
	33.1 Introduction
	33.2 Research Background
	33.3 Research Methodology
	33.3.1 Greenhouse Hardware and Software
	33.3.2 Research Design
	33.3.3 Experiment Configuration
	33.3.3.1 Research Compartment Parameters, Settings and Climate Strategy

	33.3.4 Data Collection and Analysis
	33.3.4.1 Analysis of Temperature and Energy During Period 1
	33.3.4.2 Analysis of Temperature and Energy During Period 2
	33.3.4.3 Analysis of Temperature and Energy During Period 3
	33.3.4.4 Analysis of Temperature and Energy During Period 4


	33.4 Discussion
	References

	Chapter 34: Wind Turbine Minimum Power Loss Optimization Using Non-linear Mathematical Programming
	34.1 Introduction
	34.2 System Modeling
	34.2.1 Wind Model
	34.2.2 PMSG Internal Losses Model
	34.2.3 Power Electronics Model
	34.2.4 Object Function

	34.3 Experimental Setup
	34.4 Data Setting
	34.5 Results and Discussions
	34.6 Conclusion
	References





