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1 Preface

Our economic systems are largely based on innovation
and the urge to improve our standard of living [1]. Ad-
vancing technological knowledge has been identified as
one of the most important factors of economic growth in
the last decades [2].

“Growth [...] is driven by technological
change [...].” [1]

While this is largely embedded in our society, the environ-
mental impacts of our system cause serious concerns
about future well-being [3]. In recent years, the develop-
ment of new or improved products thus often faces the
challenge of creating an equal or better service with re-
duced environmental impacts [4]. While being a challenge
in itself, innovation also is necessary to make products
more sustainable. Numerous companies thus strive to re-
duce the impact of their actions to a healthy minimum by
integrating sustainability concerns into their development
processes.

“Enhancing technology innovation systems
can provide opportunities to lower emissions
growth [...].” [3]

Since the inclusion of sustainability concerns into product
development is not an easy task, research is needed to
work on standardised processes and more efficient incor-
poration of sustainability metrics [5]. The guideline pre-
sented in this document aims at providing the reader with
a practical guide on how to integrate sustainability metrics

into product development. The work conducted for the
guideline was part of a project funded by the Ministry of
Economy, Labor, and Tourism in Baden-Wurttemberg,
Germany. A project description can be found under [6].
The participating institutions are namely:

University of Stuttgart, Institute for Acoustics and

Building Physics (IABP)
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2 The industry’s motivation and path so far

The products we use and consume have significant impact
on the environment [4]. To measure and minimise these
impacts, the provision of environmental performance
metrics becomes increasingly important for producing
companies. Among other requirements, the European
Union set out the Ecodesign for Sustainable Products Reg-
ulation (ESPR) in 2024 [4]. The directive sets ambitious tar-
gets for product sustainability, defines ways on how to
track them (e.g. digital product passports, DPP) and estab-
lishes sanctions for products not complying with the di-
rective.

Producing companies in Europe are especially committed
to reducing the impacts of their products throughout the
entire lifecycle. Efforts are being made in various fields to
reduce the impacts of products. Some activities focus on
prolonged lifetime and durability of goods in order to pre-
vent overproduction and overconsumption. Others target
cleaner production practices and the use of renewable en-
ergy sources, sourcing from consciously acting suppliers,
a large depth of production to have full control over pro-
cesses, the work in strategic consortiums and supporting
in defining industry standards or setting strict and specific
reduction goals.

. The development of sustainable products re-
quires consideration of a wide range of infor-
mation. Their nature and scope depends on
the respective sustainability indicators “

- Moriz Schmidt @ Festool GmbH -

Despite large efforts being made in these areas, more
than 80 % of the environmental impact of a product is
determined during the design stage [7]. Thus, improving
products regarding their environmental performance is a
main focus area for companies with design sovereignty.
Yet, this is not an easy task. In order to improve a product
in terms of environmental performance, respective indica-
tors must be available. However, information on the prod-
uct under design evolves continuously throughout the de-
velopment process and relevant information is often not
available until key decisions are made. Moreover, it has
been known for some time that the environmental impact

of a product is largely defined along other product char-
acteristics during the design stage [8]. Yet integrating sus-
tainability assessments into early product development
phases is essential to actually change the design of prod-
ucts. This difficulty is commonly known as the “ecodesign
dilemma” or “environmentally-conscious design para-
dox”(Figure 1) [9].
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Figure 1: Environmentally conscious design paradox [9]

Product development usually is standardised and stream-
lined within companies. Overarching frameworks, such as
VDI/VDE standards 2221 and 2206 [10, 11] strive to for-
malise the product development process on a general
level, yet their interpretation varies largely across compa-
nies. In addition, product development usually is a process
in which high efficiency is extremely important. The con-
sideration of environmental impacts of products currently
creates additional workload and falls under the risk of be-
ing neglected in busy development phases. Company-
specific ecodesign approaches are thus essential to ensure
seamless integration of sustainability considerations.

The steps outlined by the VDI/VDE standards mentioned
above also serve as a basis for the provided guide for the
integration of ecodesign metrics into product develop-
ment. Goal of this guide is to enable companies to estab-
lish ecodesign concepts specifically for their processes. In-
dividual creation of the ecodesign concept is necessary
due to a variety of reasons (e.qg. different requirements for
indicators or sustainability metrics, different development
processes, different state of the art in assessments or dif-
fering data sources). Therefore, steps for incorporating
sustainability metrics into product development processes



are outlined in the following part of the report. Starting
from potentially roughly defined company goals, sustain-
ability requirements and measuring strategies are estab-
lished. For those sustainability requirements, indicators
are defined to verify that the requirements have been met.

Data needs for the indicators and data availability along
the development process are matched and a sustainability
integrated development process is developed. In a last
step, the ecodesign concept is validated and tested

3 Six steps towards an ecodesign concept

In the following, steps for developing ecodesign concepts
specifically towards the needs of companies are outlined.
The goal of the procedure is to incorporate the assess-
ment of sustainability indicators into the product develop-
ment process. Developers must be provided with the nec-

Company's
sustainability goals

essary information for reasoned decisions as early as pos-
sible for them to make an impact. The steps below shall
be seen as an iterative process with steps being repeated
and returned to as often as required. Figure 2 summarises
the key activities and questions visually.
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Develop product-
specific sustainability
requirements

Understand specific
product development
process

Are requirement
quantifiable?

Define qualitative,
product-specific
sustainability indicators

Define quantitative,
product-specific
sustainability indicators

|

J

Define qualitative,
product-specific
sustainability goals

Define quantitative,
product-specific
sustainability goals

I

List of indicators and
goals

Step 4

Step 5

Step 6

—

Define timepoint for
each assessment

|

Testing and
optimization

Ecodesign concept

Figure 2: The steps towards company-specific ecodesign concepts



Step 1: Develop product-specific sustaina-
bility requirements

Goal: Establish a list of product-specific sustainability re-
guirements that are formulated as precise as possible.

The first step of developing ecodesign concepts is to sort
out sustainability requirements within the company. Ab-
stract or specific company-wide goals shall be translated
into product-specific requirements. This is not always an
easy task, since some goals will be easier to break down
to product level than others. Also, the assessment of com-
pany-wide goals might have a completely different scope
than product-related impacts (e.g., the inclusion/ exclu-
sion of personal travel). In general, the higher the level of
company goals is, the easier they can be transferred to
product goals. On the other hand, the more general a
company-wide goal is, the harder it is to define specific
requirements. If no company-specific goals are in place,
legislative requirements can be used as minimum require-
ments. In other cases, product-specific requirements will
present the starting point, especially if products are spe-
cifically designed to exceed current practices (e.g. product
lines with lower impact). Rough requirements on product
level are then used to derive more specific requirements
based on the product architecture and technical re-
strictions. For example, a plastic part comes with the re-
quirement of a high circularity. The only viable circularity
strategy identified for the part is recycling, thus the de-
rived requirement is a high recyclability. This again limits
the use of flame retardants as additives of the plastic com-
pound. As there are significant overlaps, sustainability re-
quirements should thus be treated the same way as tech-
nical requirements.

Guiding questions:

= Are company goals for sustainability in
place?

= Can company goals be translated to prod-
uct-specific goals?

= Can product-specific goals be translated to
product-specific requirements?

= Are there product-specific requirements
that are detached from company goals?

Step 2: Define product-specific sustainabil-
ity indicators

Goal: Define indicators to make requirements measurable
in the development process.

For each of the requirements defined in the first step,
measuring methodologies must be identified. This has the
goal of objectively testing the fulfilment of requirements
and goals. Indicators should be selected with care as they
majorly define the next steps in the development of
ecodesign concepts. If possible, indicators shall be reused
as often as possible across products to make comparisons
possible and streamline the ecodesign process within a
company. Indicators with broad application in the industry
or the specific sector shall be prioritized. A helpful step in
defining relevant indicators can be to establish obligatory
(MUST) and optional (WANT) indicators. This prioritization
of indicators must be in line with the requirements de-
fined beforehand. Once a set of indicators is decided on,
data needs for every single indicator must be understood
and listed. It should be considered that some data will al-
ways be difficult to gather during product development
stages (e.g. information on maintenance activities during
the use phase) and data needs that can be satisfied by
assumptions shall be identified. Other data sources that
are not directly linked to the product development pro-
cess (e.g. indicator ratings of previous product lines, ex-
ternally provided indicators) should be identified to in-
crease the efficiency. If there are data quality require-
ments in place, they should be elaborated and compared
to expected data qualities along the product development
process. The result of this step is a list of indicators that
are targeted to integrate into the product development
process. Data needs for the indicator calculation are clari-
fied.

Guiding questions:

»  Are there indicators that are externally required
to provide?

*  Which indicators represent the requirements
and goals?

* What are specific data needs for the indicators?

»  Which data needs can be satisfied by assump-
tions?

= Are the selected indicators realistic to calculate
in the company?

= Are data quality requirements realistic to
achieve in the product development process?



Industry insight

Festool is a manufacturer of high-quality power
tools specialized in professional applications in
woodworking and metalworking. The company is
renowned for innovative products and a high qual-
ity of their tools.

In cooperation with the research partners, Festool
has developed a list of sustainability Key Perfor-
mance Indicators (KPIs). The list will help in future
development processes in ensuring the develop-
ment in accordance with external sustainability re-
quirements and internal sustainability goals.

The following indicators were identified as central
to sustainability within Festool and thus included
in the sustainability KPI list:

= LCA-Indicators (standard indicators)
» (Climate change
» Eutrophication
» Acidification

= LCA-Indicators (additional indicato
= Lland use
» Biodiversity
= Cum

FESTOOL




Step 3: Define indicator goals

Goal: Quantitative and qualitative goals are set for each
indicator.

This step aims to combine the information obtained from
the two previous steps. The indicators act as validators of
the requirements and/or goals in the form of test cases.
Two approaches of dealing with indicator goals are possi-
ble: The first way considers qualitative goals for each indi-
cator. A qualitative goal could be “An assessment for in-
dicator X is performed and used as a basis for decision in
material choice”. While this approach of handling indica-
tor goals consolidates the use of previously defined target
indicators, the benefit is limited.

To test goal achievement more effectively, quantified
goals can be set. This provides the advantage that product
developers become more committed to optimising the
product towards sustainable performance metrics. Just as
for the step of requirements management, quantified
company goals cannot always be easily transferred to
products and a realistic goal definition is important. For
example, a company’s goal of reducing greenhouse gas
(GHG) emissions by 30 % until 2030 does not directly
translate to every product causing 30 % less GHG emis-
sions compared to a previous product generation. Thus,
realistic and manageable goals should be set at this stage
of the ecodesign concept.

Guiding questions:

= Are goals per indicator quantifiable?

»= What are quantitative goals for each indicator?

*=  Are there minimum requirements for certain indi-
cators?

Step 4: Understand the specific product de-
velopment process

Goal: Build a deep understanding of the product devel-
opment process and the increasing data availability
throughout.

Probably the most important step while creating
ecodesign concepts is to understand the company-specific
development processes. It is relevant to understand the
procedure and especially the timing of the steps. A focus
must be set on those steps that influence the product-
related data availability. This should be done with the pre-
viously identified data needs for sustainability indicators
listed. Especially those data points that cannot be substi-
tuted or complemented with secondary data must be
filled before an assessment can take place. Identifying the
earliest timepoint of availability within the product devel-
opment process for these data points is thus a priority.

The result of analysing the development process should
be a mapping of available data relevant for the targeted
sustainability assessments within the development pro-
cess. Figure 3 exemplifies the result of this step based on
the generic product development process by Ulrich and
Eppinger [12] and to be expected relevant data points.

Guiding questions:

= Which product characteristic is defined at which
point?

= What are specific and existing relevant data
sources (e.g. Product lifecycle management sys-
tem, PLM)?

= [s there data that cannot be collected from exist-
ing systems within the company?

=  When are these data sources available?

=  Who is responsible for the most relevant steps
(e.g. product owner)?

= Are there gates after which certain product char-
acteristics cannot be changed anymore?
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Figure 3: Generic product development process by [12] and expected available data

Step 5: Define timepoints in the product
development process for each assessment

Goal: All indicators have a dedicated timepoint at which
they shall be calculated.

This step of creating an ecodesign concept follows directly
on from the previous one. After data availability along the
development process is identified, it can be concluded at
which timepoint all data essential for a certain indicator is
available. This is the earliest timepoint the indicator can
be assessed. If there are indicators for which data is gen-
erally available early in the development process but single
datapoints are not available until late, substitutability (e.g.
by assumptions or generic datasets) shall be checked
again. Sometimes it also reasonable to split assessments
into multiple stages, giving the developers first advice
early on while providing results with higher reliability later
in the process. This can, for example, take place based on
life cycle stages, individual components, screening and full
assessments or separate indicators for the same sustaina-
bility goal.

It should also be considered how long the assessment of
an indicator takes within the product development pro-
cess. If, for example, the bill of materials is available
shortly prior to a major development gate and the tar-
geted indicator assessment takes longer than the time
available until the gate, results might come too late for
changes in the product’s design. If time efficiency is iden-
tified as a concern in the development process, efficiency
strategies, such as automation and standardisation, can
help in shortening the indicator provision times.

To make the inclusion of sustainability indicators obliga-
tory, their provision should be included as fulfilment crite-
ria for major development gates. This prevents a progress-
ing development process from relying on indicators that
cannot keep up and lag behind, thereby minimising their
impact.

The overall objective of ecodesign concepts of this kind is
to continuously guide development by providing indica-
tors as early as possible. Therefore, the goal of this step is
to create a temporal mapping of indicators in the devel-
opment process as the main process for ecodesign. An
early inclusion of indicators is a high priority and measures
for providing them in time for major design decisions
should be discussed. Figure 4 shows an example of this
tiered approach based on data availability for life cycle as-
sessment (LCA) and the resulting possible indicators.

Guiding questions:

= At which timepoint is all necessary data for an indi-
cator available?

= Are single datapoints too late for respective design
decisions?

= (Can late datapoints be substituted or comple-
mented by secondary data?

= Does the duration of indicator assessment match
the timeline of product development?

= Can indicator provision be included in gate fulfil-
ment criteria?
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Step 6: Testing and Optimisation

Goal: Validate the created concept and eliminate flaws.

The developed ecodesign concept must be thoroughly
tested to verify and validate its operability. To do so, the
calculation of every indicator for the defined timepoints in
the product development process must be conducted.
The availability of all datapoints at the defined timepoints
shall also be tested. Data quality must be assessed and
strategies for managing data quality should be elabo-
rated. Time efficiency is to be investigated since the
ecodesign process should not hold back the overall prod-
uct development. Automation and other efficiency strat-
egies can be explored if the speed of the sustainability as-
sessments cannot hold up with the product development
process. On a more general note, the integration of all
indicators shall be questioned to whether the added

knowledge in the product development process justifies
the effort of integrating the indicators. For all indicators
that rely on single, late datapoints, substitution by generic
data or assumptions should be considered to move assess-
ments to the earliest possible timepoint. Wherever neces-
sary, the concept is to be adjusted as needed using the
steps explained above in an iterative process.

Guiding questions:

= (Can the ecodesign concept be implemented as
intended?

= (Can all indicators be calculated at the defined
timepoints?

= Does the ecodesign concept cause delays in the
product development process?

= |s data quality sufficient?

= Does the integration of indicators benefit the
achievement of the company’s goals?



Industry insight

Instagrid is an innovative company that develops
mobile power solutions to supply energy to con-
struction sites and other workplaces inde-
pendently of fixed power connections. Their prod-
ucts combine modern battery technology with
user-friendly applications to ensure a flexible en-

ergy supply.

Together with Instagrid, the timing of indicator
calculation throughout the product development
process was tested. For this purpose, timepoints
for the calculation of specific indicators were de-
fined. The main goal was to include indicators as
early as possible in order to drive the development
towards more sustainable practices. The decision
on timepoints was majorly based on data availabil-
ity in the specific steps in the product creation pro-
cess.

— dlinstagrid
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The calculation of some indicators could already
be tested with data from ongoing product devel-
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4 Conclusion

The steps outlined above provide a practical approach for
establishing company-specific ecodesign concepts. By in-
tegrating sustainability indicators into the product devel-
opment process, requirement fulfilment can be tested and
product-related issues can be addressed. The develop-
ment of the procedure in a team of researchers and com-
panies proved to be very successful and provided the par-
ticipating companies with the relevant tools to implement
ecodesign concepts.

In further research projects, the step-by-step guide will be
refined and tested with more companies to improve it fur-
ther. The specific procedure can vary for each company
and more case studies will help in finding a suitable ap-
proach for many stakeholders. The guide above should
therefore be seen as a starting point for individual, com-
pany-specific approaches.

.In a next step we will implement the
specific ecodesign concept in our prod-
uct creation process and evaluate the
benefits. Our goal is to integrate sus-
tainable thinking deep inside Instagrid’s
product creation to reach our ambi-
tious sustainability goals.

- Sam Yeboah @ Instagrid GmbH -
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