Chapter 74 ®)
Identifying Criteria for the Selection e
of Ecodesign Methods to Integrate

into SMEs Product Development

Bjorn Kokoschko, Laura Augustin, and Michael Schabacker

Abstract The design, development and manufacturing of products inevitably
involve environmental aspects (e.g., material and energy consumption) that lead to
negative environmental impacts (Herrmann in Ganzheitliches Life Cycle Manage-
ment, Nachhaltigkeit und Lebenszyklusorientierung in Unternehmen. VDI-Buch.
Springer, Berlin, 2010, [1]). The awareness of these issues enables an understanding
of the immediate effects that design and manufacturing have on the environment and
how products can affect the ecosystems around them. We face many problems, and
we can only solve if the design of products is geared to ecological requirements. This
requires that product development is regarded as a holistic and interlinked process.
This results in the consideration of processes such as recycling, downcycling as well
as maintainability and material separation in our product life cycles. Hence, produc-
tion and environmental problems were treated independently of each other for a long
time, and the environment had received little attention in the phases of the product
development process (Huang in Design for X, Springer, Netherlands, Dordrecht,
1996, [2]). Especially small- and medium-sized enterprises will increasingly face
problems in aligning their innovation activities with ecological requirements. So far
there is no practical approach to holistic and interlinked product development that
sufficiently takes ecological requirements into account and is easy to adopt for SMEs.

74.1 Introduction

OnJanuary 1, 2016, the 17 United Nations goals for sustainable development (SDGs)
came into force [3, 4]. In addition to economic and social goals, a major focus is on
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ecological goals. In order to measure its own achievement of these goals, Germany
formulated a series of indicators that were adopted as part of the German Sustain-
ability Strategy (DNS) 2016 [5], 6. A central goal of the sustainability strategy at the
ecological level is the establishment of sustainable consumer and industrial products
to reduce energy consumption and CO, emissions (goal 12) [7]. This goal can only
be achieved if the design of consumer and industrial products and also the business
models for their economic exploitation are geared to ecological requirements. The
design and development of the consumer or industrial product must therefore be
adapted to the needs of the target group in line with the corporate objectives and
capabilities.

Thus, this paper analyzes literature to find criteria for the selection of methods
geared to the needs of SMEs. The selection of methods for the design and develop-
ment of the consumer or industrial product must therefore be adapted to the needs
of the companies’ circumstances, the ecological affordances, the target group in line
with the corporate objectives.

74.2 Current Situation

Especially small- and medium-sized enterprises (SME), in contrast to large compa-
nies, will increasingly face problems in aligning their innovation activities with
ecological requirements in terms of the DNS. In principle, many of these companies
do not have a structured innovation process, as they lack research and development
departments, budgeting, etc. Moreover, these companies do not have the necessary
resources, capacities, innovation skills and sustainability expertise to develop ecolog-
ical innovations completely independent [8]. For the federal state of Saxony-Anhalt
in Germany in particular, the report on the SME offensive certifies [9] (p. 12) that
there are “in many cases innovation-oriented small and medium-sized enterprises
which do not have the structural and personnel prerequisites, or do not have them to
the same extent, to be able to realise product innovations without support”. Conse-
quently, it is necessary to support SMEs in structuring their innovation process and
aligning it with ecological requirements in the sense of the DNS—an SME-oriented
step-by-step approach can make a valuable contribution here. Therefore, context-
sensitive methods can be used to reduce the need to use one specific approach. This
means that the selection of methods for accomplishing a task within the process
model depends on the type of project, the development status, the time resources and
the available data [10].

If one looks only at the area of product development, some development concepts
are frequently used both in university teaching and in business practice, such as
Integrated Design Engineering [11], the Design Thinking [12—14], the Agile Project
Management (among others in [13, 15-17]) the VDI2221 [18, 19]. However, these
concepts are not geared to the consideration of ecological requirements yet.

According to PIGOSSO et al., in contrast very specific impact categories of
sustainability are considered in the eco-design literature, in which a large number of
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methods and tools are published [20]. In the context of this literature strand, however,
the intercompatibility of the presented methods and tools is hardly or not at all ques-
tioned, and it remains unclear to what extent they can be integrated into a super-
ordinate product development concept. Also, the tailor-made selection of methods
according to the context and needs within companies is not or only insufficiently
considered [20, 21]. Consequently, some researchers see precisely this variety of
methods and tools as a barrier to application in industry, since it is not clear in which
situations which methods with the corresponding tools are relevant [20]. There is a
lack of approaches and methodologies for accelerated and optimized application by
industry [20].

The approaches shown in Table 74.1 come closest to a SME-oriented approach
to product development, considering sustainability requirements. On the one hand,
the above-mentioned approach of Integrated Design Engineering (IDE) [11] is also

Table 74.1 Overview of a selection of concepts with strengths and weaknesses

Strength Weaknesses
IDE [10, 26] * Human-centered team approach | Partially insufficient
* Interdisciplinary cooperation consideration of sustainability
* Step-by-step approach aspects
» Context sensitivity through a * So far little use by SMEs
rough definition of process * Often only used within four
modules phases
* Method building kit
DA4S [27, 28] » Step-by-step approach * Different focusses complicate

Practice-oriented worksheets
Team-oriented approach

Social issues such as sustainable
procurement, ethical financing
and ethical labour procurement
are also aimed

use for SME
Four archetypal process phases

SDS [22, 29, 30]

» Focus on product service systems
Step-by-step approach (modular)

Focus mainly on social
sustainability and service
systems, relatively little
consideration of environmental
sustainability aspects

DfBOP [31, 32]

» Concrete method suggestions for
individual process steps
Focus on social sustainability

Limited transferability to SMEs
Low consideration of
environmental sustainability
aspects

Limited focus group

HCD [25, 27, 33, 34]

» Extensive practice-oriented
collection of methods
Widespread and human-centered
approach

Uses aspects from D4S, DfBOP,
and IDEO HCD Design Kit

Low consideration of
environmental sustainability
aspects

No guidance as to the procedure
More a collection of methods
than a product development
concept
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used at the OVGU in the context of industrial projects and teaching and on the other
hand further approaches such as Design 4 Sustainability (D4S) [22], System Design
for Sustainability (SDS) [22], Design for Base of Pyramid (DfBOP) [23, 24] and
Human Centered Design (HCD) [25]. All approaches are practical concepts, some
of which provide for a concrete step-by-step approach to product development (IDE,
D4S, SDS) and some of which can also cover SME-specific R&D needs (D4S, SDS,
HCD). In particular, D4S and SDS seem to be easy to implement even by people
from outside the industry. Compared to the other approaches, HCD is widely used
in the literature and offers product developers an extensive collection of methods,
but its suitability for practical application is to be rated less highly here, as the
approach offers little assistance in implementing the procedure. The implemented
human-centered approach (IDE, HCD) or team orientation (IDE, D4S) shall also be
emphasized in some approaches.

74.3 Take Precedence and Aim of Research

With regard to the weaknesses of the individual development approaches shown in
Table 74.1, it is striking that with the exception of D4S, ecological requirements
are only insufficient considered. In the case of SDS and DfBOP, social aspects of
sustainability are primarily targeted, with economic and ecological requirements
playing a subordinate role. Since the development of products that primarily address
markets in developing countries requires an effort that is likely to exceed the available
resources and capacities of many SMEs.

The necessity of implementing the needs of SMEs with regard on the ecolog-
ical aspects of product development into a holistic approach has been recognized.
Especially for SMEs, a specific step-by-step approach seems to be a good work prac-
tice. This can practically concretize the individual phases of the interlocking product
development as well as the methods and tools to be used in the individual phases.
In view of the strengths and weaknesses of the above-mentioned product develop-
ment approaches, it can be concluded that individual aspects of these approaches
(e.g., tools) can be combined in a synergetic way for such a step-by-step approach.
In conclusion, it shall be noted that previous approaches only partially take into
account the underlying vision or the economic, ecological and other goals of SMEs,
especially with regard to the DNS. This is necessary in order to ensure that they are
willing to apply them.

A core objective of the development work is the precisely fitting applicability of the
procedural concept by SMEs. Accordingly, it shall be ensured that the concept can be
integrated into the companies without the need for specialized personnel. In addition,
the SME-specific framework conditions, such as scarce capacities and the partial lack
of data on the product life cycle, are to be considered. For the development of the
approach concept, this means that a decision support for SMEs will be necessary,
which explains the individual development steps as well as the methods and tools
applicable in each case in detail. On the one hand, it can be avoided that the multitude
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of methods and tools mentioned before overburdens the non-specialized user. On the
other hand, the procedural concept enables a timely implementation of the product
development by means of SME practice-oriented worksheets and tools and thus
counteracts the shortage of time in SMEs. Therefore, it is necessary to identify
fitting methods and tools which can be used in SMEs by apply identified criteria
first. Therefore, it is needed to define measurable practice-oriented and sustainability
criteria, which will be used to rate the methods and then to design the process concept.
In the narrower sense of sustainable products, it is necessary to question the existing
product range and also the inclusion of new products in the product range [35].
BERGMANN [36] mentioned that the first two steps are the thorough needs analysis
and the examination of possible immaterialization strategies. In these two steps, it is
checked whether a physical product is needed at all, whether it can be immaterialised
alternatively and whether it is justifiable from a sustainability point of view. Only
in the third step does the actual program policy, product conception and product
development begin. On the basis of the steps contained therein a sustainable product
offer is created. In this paper, it is assumed that the first two steps are already finished
and that the focus is on the integration of possible methods into SME processes.

For the present within this research, the definition of criteria to determine the
capability to integrate a method into a SMEs product development approach and
whether is mature enough is based on a research paper written at OVGU [37].
VAINA et al. derive from case studies different criteria for comparing methods with
each other (General applicability, Innovation enabling, Complexity of the method,
Complexity of the supported products, Exploitation of computer support, Integration
of different domains, Applicable to different kind of products, Balancing of different
product goals, Analogies to nature, Inclusion of economical influences, Considera-
tion of social sciences, Support of communication, Support of single work, Support of
teamwork Systematic and predetermined procedures, Opportunistic course of action,
Parallelization of activities, Dynamic reaction to changes of conditions, Ongoing
comparison and evaluation of actual results, Continuous feedback, Anticipation
of results, Several equivalent, but not similar solutions, Teachability, Generality,
Practicability) [37].

Other researchers also defined criteria for analyzing methods but use different
vocabulary to describe the criteria. Ernzer et al. focused on methods for life cycle
design based on the needs of a company and give an approach to a systematic analysis
of the company to select suitable methods [38]. Hereby requirements arise from
relations to the product, the surrounding environment and the company. Watty et al.
point out the significance of criteria selection for the choice of quality methods to
achieve a high-quality product as well as product development process at reasonable
costs. They correlate the benefits of larger flexibility on the market and shorter time
to market, less loops in the development process, less rejection or rework, better
documentation and an increasing motivation to the selection of method [39]. They
refer to the importance of considering different motives of quality at the selection
of a method must regard the demands of the society, companies and the customer,
while even intersecting demands may differ in their motive. EDER explores “the
need for a formalized engineering design methodology” and reveals a higher level
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of guidance in an engineering design procedure when the problem is not seen as a
routine or the expertise in the product as well as the process is lacking. Especially
the expertise of novice and advanced beginners needs to be considered, not in the
field of the company’s domain but in the field of applying new and more suitable
methods of product development [40].

Within these reviews, the product, the surrounding environment, and the company
itself are considered from different point of views and point out the importance of
a substantial selection of criteria to select appropriate methods meeting all require-
ments. Within this research, the criteria have been reduced and it has also been consid-
ered to be necessary that the sustainable criteria group had to be implemented. This
step needs further research and have to be validated within case studies. Baumann
[41]1in 2002 mentioned steps for communication are necessary for a good impact with
regard to the applicability. The understanding of the role, impact and contribution of
tools leads to a better learnability of methods.

A further distinction can be made between product-related and company-related
criteria, both of which in turn surround criteria of legislation, standards and market-
related criteria [38]. Product-related criteria include the complexity of products,
the degree of ecological perfection, the number of pieces (product range) and the
dominant life phases of the product. The company-related criteria are the competence
in DfE (design for environment), the general method competence, the degree of
innovation, resources of the DfE department, and the strategic targets of the company.
Laws, standards, and the market define the surrounding criteria for methods which can
be implemented into a product development process. Figure 74.1 shows an overview
of the categorized criteria identified so far are structured according to priority and
chronological order of the evaluation process to be carried out. Consequently, when
evaluating a method for its applicability, sustainability is considered first. If this
proves to be sustainable, the evaluation of the criteria can be advanced to the next
category. Thus, the first evaluation step proves to be possible exclusion criteria.
Furthermore, the categories of applicability and integratability have to be fulfilled in
order that a method can be integrated into SME processes.

Thus, aspects of the category integratability such as learnability and practica-
bility include a partial aspect of sustainability. These, in turn, are sometimes based

Sustainability [35), [40] Applicability [37] Integratability [37], [#1]

Target orientated [37] | Limited complexity [37], [39] Learnahility [37], [411 [38]

| step-by-Step Approach [41])
Considers life of product [37), [40] L i ada ! Practicability [37], [39]

| Clear phase asignment [37)
Addressing pillars of sustainability [37], [40] Predictability [37], [39)

| Communication of the results [37], [38]. [3%]

Supports sustainable innovation [37), [39] Parallelisation [37]

Foreseeable resources [37], [38], [39]
Adresses asthetics longelivity

nterdisziplinarity [37) Applicable across product types [37L [40]

Fig. 74.1 Identified and categorized criteria
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on criteria from the category of applicability, such as low complexity, step-by-
step approach and communication of the results. Consequently, a low complexity
increases the learnability, thus a method that is easy to learn is re-applied with a
higher probability, which can lead to a higher effect in the sustainability of compa-
nies. In this phase of the work, the criteria are assigned zero to five points and summed
up to the categories. This results in a maximum of 25 points for the category of
sustainability, 30 points for applicability and 15 points for integratability.

For the evaluation of the identified methods with regard to their general usability in
the company, a minimum number of points will have to be assigned to the categories in
the process of work. In addition, the criteria and their categories must also be checked
and, if necessary, adjusted. In addition, the evaluation of a method can be carried out
in comparison to another conceivable method in order to compare its applicability
in the company and its processes as well as its situation. A semantic differential or
a comparison in a table can be used for the evaluation among themselves.

In the development of the project, it will be determined which of these concepts
and methods meet the previously defined criteria. Also, it needs to become evalu-
ated to what extend they can be used for different types of product development,
e.g., generally valid or context-sensitive, and to what extent they can be effectively
combined. From this analysis, a development requirement for the procedural concept
is derived, which is then processed conceptually.

74.4 Summary

Up to this point, criteria have been collected for the identification of applicable
methods into SMEs in order to implement sustainable methods for product devel-
opment. This will lead to the carefully selection of fitting methods according to
the needs of SMEs with regard to sustainable aspects. The criteria identified in this
paper are summed up within the criteria tree (Fig. 74.1) which could be seen as a
requirements list for methods to implement ecological requirements of a product
development within SMEs. The awareness of the methods capabilities enables an
understanding of the immediate effects that lead to a holistic approach. SMEs can
use the additional information and support designers with methods which fit to the
actual the development task, a specific phase of product development and also can
be used to compare different methods.

74.5 Outlook

This approach will be improved, detailed, and verified in further research by applying
it within the extension of researching methods. For the next step to create a sustain-
able product development approach, more methods which can be used in SMEs will
be identified and rated with the developed criteria. According to the guideline VDI
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2221 [18, 19], the design process is divided into different stages. Bhamra and Loft-
house [27] grouped often used tools (see Table 74.2) into five sections; Environmental
Assessment, Strategic Design, Idea Generation, User-centred Design, and Informa-
tion Provision. To simplify the project- and SME-specific method selection process,
the identified criteria can also be used as indicators for offering fitting methods within
different development tasks.

This grouping, as well as the variety of methods, is to be adopted in the following
steps for the creation of the product development concept, but the group of environ-
mental assessment is still insufficient and will be extended by some methods. These
groups can be roughly assigned to the product development phases; see Fig. 74.2.
What can be used to rate the criteria for phase assignment and to give the SME
an overview in which phase the method can be used. After rating the methods and
structure with regard to the phases, a holistic approach can be gathered. The transfer
of the methods and also the criteria will be evaluated by implementing the methods
within education and industry cooperations such as case studies. This leads to the
opportunity to recognize not adapted characteristics of a company. What gives a view
whether the methods and the criteria fit the capabilities of the company or not.

Table 74.2 Groups of a

G Method:
selection of methods roups cthods

Environmental assessment | ¢ Life cycle assessment
MET matrix

Ecodesign web

Design Abacus

Five focal areas

Six rules of thumb
Sufficiency need assessment

Strategic design

Idea generation Information/Inspiration
Flowmaker

Attribute listing

User-centered design * Participant observation
User trials
Product-in-use
Personae

Moodboards

Layered games
Scenario-of-use

Information provision * Real people
Material research
Patent research
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