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17 INTRODUCTION

Product development has a fundamental influence on the resource efficiency
of a product. Resource-conscious and forward-looking product development
can significantly influence the use of materials and consequently the cost
expenditure along the entire product life cycle. With regard to finite re-
sources, it should be a pillar of the strategic orientation of the business.

Product development has to meet a multitude of requirements. This in-
cludes’

« the use of innovative technologies and materials,
« the consideration of changing and fast-moving markets as well as

« reducing product development time and costs while increasing complex-
ity, quality and functionality.

These requirements are accompanied, for example, by an increased share of
electronics and software, a dissipative distribution of materials in the prod-
uct, increased cost pressure and lower profit margins. This is precisely why
it is important to include resource efficiency aspects into the product devel-
opment process - this conserves resources, reduces costs and at the same
time generates competitive advantages.

A resource-oriented objective in product development already determines to
what extent a product will be suitable for production, dismantling, repair and
maintenance, material or recycling. Resource efficiency measures taken into
account in product development, such as adequate joining processes, recy-
clability or lightweight construction, promote resource-efficient handling of
raw materials and influence the costs incurred. The majority of manufactur-
ing costs - sources report up to 85 %2 - are already defined in product devel-

! Cf. Reinhéckel and Schilling (2007).
2 Cf. Ehrlenspiel (2007) in VDI 4800 Sheet 1 (2016), p. 34.

i



12

Introduction

opment. The integration of resource efficiency measures can therefore re-
duce manufacturing costs and, in the case of product take-back by the busi-
ness at the end of the utilisation phase, disposal costs.

Nevertheless, businesses are often not very sensitized to the need to design
their products in a resource-compatible way. A lack of practical experience
often results in challenges in the introduction and management of product-
related resource efficiency strategies.® In most cases, environmental and sus-
tainability aspects are only integrated into the product design via legal re-
quirements, e.g. the Ecodesign Directive 2009/125/EC. The German govern-
ment's Resource Efficiency Programme Il requires that "minimum and infor-
mation requirements for producers regarding material efficiency, service life
and recyclability of products"* be incorporated into legislation once the suit-
ability has been established.

This brief analysis is therefore mainly aimed at actors in product develop-
ment in small and medium-sized businesses (SMEs). It should serve as an
aid to action and a source of ideas for incorporating resource efficiency as-
pects into new product and adaptation developments beyond the legal frame-
work.

For this purpose, the phases of product development are systematized in the
brief analysis, a holistic view of the product development process is ex-
plained and different innovation levels for improving the resource efficiency
of a product are presented. The analysis provides an overview of resource
efficiency strategies and concrete measures as well as their integration pos-
sibilities into the product development process. Furthermore, life-cycle and
process-related methods for evaluating and integrating resource efficiency
strategies as well as standards and directives to support the product devel-
opment process are presented.

8 Cf. Pigosso et al. (2013), p. 160.
4 BMUB (2016), p. 53.
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2 INTEGRATION OF RESOURCE EFFICIENCY INTO
PRODUCT DEVELOPMENT

2.1 The classic and the intfegrated process of product
development

Product development is the process from the product idea to the finished
product design. The result of the product development process, i.e. the prod-
uct design, represents an essential factor of the entrepreneurial success and
can already determine a large part of the total product costs and qualitative
characteristics.> ¢

The product development process varies from business to business, with fun-
damental decisions tending to remain the same.” The procedure can also be
generalized in its flow. Following the decision to implement a product idea,
VDI Directive 2221 divides the further product development process into
four phases:

(1) clarifying and specifying the task,
(2) the concept phase,
(3) the design phase and

(4) the elaboration phase.

These four phases form the framework of this brief analysis. They are further
subdivided into seven work steps which, depending on the progress of the
process, are run through completely, partially or several times iteratively and
lead to a respective work step result.® Only a new design passes through all
product development phases. The concept already exists in the adaptation
design phase, while changed product requirements are taken into account
and implemented in the design phase (Figure 1).°

Cf. Owner et al. (2014), p. 5.

Cf. Cock and merchant (2002), p. 751.

Cf. Krishnan and Ulrich (2001) in Manner (2007), p. 28.

Cf. VDI 2221 (1993), p. 9.

Cf. Ehrlenspiel and Meerkamm (2013), pp. 748, 744 and 751.

e ® N o a

13


https://books.google.de/books?id=hs-EBAAAQBAJ&pg=PA5&lpg=PA5&dq=Das+Ergebnis+ist+somit+eine+wesentliche+Grundlage+f%C3%BCr+den+unternehmerischen+Erfolg+Produktentwicklung&source=bl&ots=KAz66Zi9nM&sig=ZF7dxMhii2idhn3IpngOtZAKPf4&hl=de&sa=X&ved=0ahUKEwioxMDY-_bTAhXGZ1AKHSelDwkQ6AEIIjAA#v=onepage&q=Das%20Ergebnis%20ist%20somit%20eine%20wesentliche%20Grundlage%20f%C3%BCr%20den%20unternehmerischen%20Erfolg%20Produktentwicklung&f=false
https://books.google.de/books?id=lUYdBgAAQBAJ&pg=PA751&lpg=PA751&dq=80/20+regel+produktentwicklung&source=bl&ots=9jGvVoIkcz&sig=qbHQq63KYDO2pKxP_gG3sw5d6I0&hl=de&sa=X&ved=0ahUKEwi_5bCl9_jTAhUnKpoKHRavBJIQ6AEITTAG#v=onepage&q=80%2F20%20regel%20produktentwicklung&f=false
https://books.google.de/books?id=FfIwhdBPBxgC&pg=PA28&dq=Krishnan+und+ulrich+2001+Produktentwicklung&hl=de&sa=X&ved=0ahUKEwjFrNSj_PbTAhVOPFAKHQ3iA4wQ6AEIQTAF#v=onepage&q=Krishnan%20und%20ulrich%202001%20Produktentwicklung&f=false
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PRODUCT DEVELOPMENT PROCESS
Clarifying the ) Concept ) Design ) Develop-
Task phase phase mentphase

S LTI

iterative skipping back and forth befween
phases to meet and adapf requirements

FINISHED
PRODUCT DESIGN

1 - Clarifyand specify the task L - Structuring

2 - Determination of functions and their structures5- Organisation of the key modules

3 - Search for solution principles and their 6- Organisation of the entire product
structures T- Elaboration of the details of execution

Figure 1: Procedure of the classic product development process'°

Due to rapid product change, shorter innovation cycles, more complex prod-
ucts and global supply and demand structures, the purely classical approach
to product development is no longer sufficient. Rather, a goal-oriented com-
bination of organisational, methodological and technical measures must con-
tribute to ensuring that today's requirements on product innovations are
met. This is done through so-called integrated product development.

Many products now consist of mechanical, electrical, electronic, hydraulic
and/or pneumatic components and offer additional immaterial services such
as predictive maintenance. As an intelligent system, this already detects a
malfunction in a machine before it occurs.

Such complex product systems require an integrated approach during the
development phase in order to successfully meet the challenges of "time,
costs and quality" under increasing economic and innovation pressure. If an
integrated product development is successfully implemented, e.g. through

10 According to VDI 2221 (1993), p. 9 and Pahl et al. (2013), p. 17.
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simultaneous engineering'!, a business can benefit from shorter develop-
ment times at lower costs and improved quality at the same time (Figure
2).12

PRODUCT DEVELOPMENT PROCESS

Clarifying } Concept } Design } Development:

'
'
'
1
'
'
1
1 Z
the task phase phase phase 192
R
o 1
=N
. . . . H
iterative jumping backwards! 5 !
2
7 and forwards between S i
), @ 1
phases el
[ =
W
(. H
f F Lo
L=
y =
[T
1
] i
[ S R
1 - Clarify and specify the task 4 - Structuring into realisable modules
2 - Determination of functions and their structures 5 - Organisation of the key modules
3 - Search for solution principles and their 6 - Organisation of the entire product
structures 7 - Elaboration of the details of executior

Figure 2: Approach of the integrated product development process'®

There are a variety of approaches and methods that help to promote an inte-
grated process during the product development process. Four essential fac-
tors determine the overall success of an integrated product development:
People, methodology, organisation and technology.'* The supporting ele-
ments per factor are summarised in Figure 3.

Simultaneous engineering shortens the product development time by processing the individual
phases of the product development process (phases 1 -7 in Figures 2 and 3) in parallel or
overlapping time, improving coordination between the project teams of the individual stages and
thus optimizing correction loops.

Cf. Ehrlenspiel and Meerkamm (2013), p. 195.

According to VDI 2221 (1993), p. 9 and Ehrlenspiel and Meerkamm (2013), p. 331.

Cf. Erlenspiel and Meerkamm (2013), p. 195.

N

=
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(1) HUMAN factor (2) METHODOLOGY factor
- Integration of commitment - Integration of customers
Common will - Involvement of customers in process
Motivation - Cooperation with pilot customers
- Integration of goals - Task integration
Employee participation - Group -/team work
Success-orienfed payment - Planing and execution by one person
- Integrative knowledge - Method integration
Job rotation - Use of comprehensive mefhods
Systems engineering knowledge - Use of uniform terms

ELEMENTS OF INTEGRATED
PRODUCT DEVELOPMENT

(3) ORGANISATION factor (4) TECHNOLOGY factor

- Structural integration - Data integration
Flat hierarchies - Computer integrated development (CAD,
Delegation of responsibility Computer - Aided -System)

- Process integration -Integrative early characteristic detection
Parallel arrangement of activities - Simultation
Project management - Rapid profotyping

- Local integration - Virtual reality
Common workrooms - Digital mock-up

Development centres

Figure 3 : Elements of integrated product development'®

In addition to the elements listed in Figure 3, interdisciplinary teams are a
key success factor in integrated product development. Team members from
different disciplines and process stages provide a comprehensive view of the
development of a product. Thus, for example, the perspective of production
preparation, disposal, design, sales, materials management or even the sup-
plier can be included.

This cooperation of product, production and sales defining areas along the
phases of the product development process (clarification of the task, concept,
design and elaboration phase) forms the basis for an integrated product de-
velopment.'é Under the assumption that resource efficiency is a business
strategy, integrated product development also promotes the cross-cutting
consideration of resource efficiency aspects, which are defined differently in
the individual teams depending on the specific objective (Chapter 3.2).

15 Based on Erlenspiel and Meerkamm (2013), p. 209.
16 Cf. Erlenspiel and Meerkamm (2013), p. 229.
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2.1.1 Resource Efficiency Aspects in Clarifying the Task

The first step of the product development process, the clarification of the
task, serves the aggregation of necessary information and results in a re-
quirements list for the product (1)'. This list of requirements is passed on
along the subsequent work steps and used as documentation of changes, ad-
ditions and adjustments to requirements. '8

Depending on the customer's wishes or the product idea, the list of require-
ments should already include resource efficiency requirements to be consid-
ered in the product development process. Thus it can be determined how, for
example, a product is to be designed for recycling or assembly or, more spe-
cifically, whether, for example, it is to be subject to certification by the "Blue
Angel".

Examples of requirements for a product in relation to the
Resource efficiency:

The product shall be designed in such a way that the planned loss in
production is less than 10 % of the material input.

The product has a modular structure. The modules are interchangea-
ble.

30 % of the materials used are secondary raw materials.

At least electric motors of energy efficiency level III are used for main
drives.

A service is sold via the product (Product Service System).
The product meets the requirements of the "Blue Angel".
The status is monitored (predictive maintenance'?).

The condition of e.g. pH value, solution, cooling lubricant is monitored.

7 The numbers in brackets correspond to the steps in Figures 1 and 2.
18 Cf. VDI 2221 (1993), p. 9.
19 Predictive Maintenance enables a machine to detect an error before it occurs.
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2.1.2 Resource efficiency aspects in the concept phase

In the concept phase, functions are determined according to the list of re-
quirements and solution principles are sought.?® In a first step, the overall
function and subsequent sub-functions of the product to be developed are
determined, structured and combined (2). The resulting functional descrip-
tions are, for example, "convey liquid", "distribute air", "supply water" or
"offer protection". The functions reveal logical and physical dependencies
and form the basis for finding basic solutions to implement these functional
structures (3). Chemical, physical and other effects are selected to perform
the determined functions. Physical effects include force, pressure, momen-

tum, speed, electric current or magnetic flux.

Depending on the function, the material types to be used are roughly deter-
mined (e.g. plastic, metal, wood) and the active surfaces on which the imple-
mentation of the selected physical effects is forced are designed.?! The result
is at least one solution in principle which defines the effective structure of
the product to be developed as, among others. Schematic sketch, circuit or
description.?? In order to take resource efficiency into account, it is possible,
for example, to select mechanisms of action that are already less subject to
wear and tear.

At the level of the principle solutions, no fundamental examples with a pos-
itive contribution to resource efficiency can be cited without reference to the
concrete application case.

2.1.3 Resource efficiency aspects in the design phase

In the design phase, the basic solution is divided into modules which make
the realizable subsystems or system elements visible in the form of arrange-
ment sketches, graphs, logic plans or flowcharts (4). The key modules are
then roughly designed to identify and implement optimization options (5).
Resource-efficient design is achieved, for example, by reducing component

20 Cf. Pahl et al. (2013), p. 341.
21 Cf. Pahl et al. (2013), p. 341.
22 Cf. VDI 2221 (1993), p. 10.
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sizes or using an integrated construction method. The result is preliminary
drafts of the relevant modules. These are finally determined by additional
detailed information and the linking of all subsystems, resulting in the over-
all draft (6).2°

Examples of the design phase of a resource efficiency product:

» Minimize component sizes (miniaturisation)

« insert remanufactured components (remanufacturing?*)

« Standardising and modularising components and component groups

« Address expandability and upgradeability of the product in
design

« Designing connection techniques that are easy to dismantle
« Use secondary raw materials (e.g. recycled plastic granulate)

« choose bio-based materials and alternative materials (e.g. high-strength
steels)

2.1.4 Resource efficiency aspects in the elaboration

The elaboration phase or the process of designing finally documents the
first three process phases in the form of individual, group and overall draw-
ings (7).%° The product can be manufactured with the prepared design docu-
mentation. Numerical methods such as the finite element method (FEM) and
suitable simulation software (e.g. Ansys, Matlab Simulink) can be used to
check and optimize the actual functionality of both product-specific and man-
ufacturing process parameters.

2 Cf. VDI 2221 (1993), p. 11.

24 Using remanufacturing, old parts are processed by standardized industrial processes in such a
way that they correspond in quality to at least one equivalent new part.

% Cf. VDI 2221 (1993), p. 11.
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Examples of the development phase of a product to promote resource
efficiency:

« Optimum dimensioning of joints (e.g. exploiting the actual
tensile strength of bolts)

» Optimal dimensioning of wall thicknesses (e.g. of plastic parts)
« Simulating the flow behaviour of liquid plastic in the injection mould
« Optimal positioning of the mould sprue for injection moulded parts

« simulate dynamic behaviour of complex systems

2.2 Efficient use of resources through a comprehen-
sive consideration of the product life cycle

The development of a product requires continuous control and adaptation of
the partial results of the product development process (steps 1 to 7 in Figure
1 and Figure 2). In order to be able to assess the economic and ecological
effects and consequences of complex product development processes in their
course, an evaluation of the effects over the entire life cycle of the product is
elementary.

The evaluation of product development processes requires a holistic ap-
proach. Holistic in this context means that the effects and consequences of
the product to be developed are to be estimated over the entire life cycle of
the product (Figure 4). This enables a business, for example, to record un-
necessary environmental pollution, avoidable waste and, in particular, ex-
cessive resource consumption already in the product development phase and
to prevent them (e.g. via the cumulative raw material demand, CRD). The
cumulative energy demand (CED) calculated can also be used to illustrate
any overcompensation effects: The energy required to produce a resource-
efficient product can be more than compensated for by the energy-efficient
use of the product during its utilisation phase.
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Product development process i Product lifecycle process
ANTICIPATING PROCESSES
INFLUENCING PROCESSES
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Figure 4: Integrated product development with holistic evaluation?
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FINISHED PRODUCT DESIGN E

The evaluation over the entire life cycle of the product to be developed not
only provides information about the expected environmental impacts and
resource consumption, but also about the costs (Life Cycle Costing?’, LCC).
In the manufacturing industry, the material costs for the production of prod-
ucts account for the largest cost block in the business at approx. 43 %.2% In
the product development phase, a major influence on material costs can al-
ready be exerted if resource efficiency strategies are observed and a life-cy-
cle evaluation is applied to estimate the ecological and economic conse-
quences of the product to be developed.

However, the scope of influence over product development is limited.

Table 1 shows the characteristics of the life cycle phases that can or cannot
be directly influenced by product development.

26 Following VDI 2221 (1993), p. 9, VDI 4800 sheet 1 (2016), p. 33 and Pahl et al. (2013), p. 17.

27 Life Cycle Costing is a systematic analysis of the cash flows of a product system along its entire
life cycle.

28 Cf. VDI Center Resource Efficiency GmbH (2017e), p. 12.
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Table 1: Scope of influence over product development?’

Direct influence of product develop- No direct influence from product de-

ment through definition: velopment:

Raw material extraction/production

e The type of materials used (e.g. metals or plas- e Raw material, energy and emission effi-
tics) and the concrete composition (e.g. alloy ciency of mining, conversion and further
and composites) processing of raw materials and primary ma-
e Quantity of material types used terials
(How much material per product use?) e Resource efficiency of transport processes

Utilisation phase

e Type of energy used e concrete type and intensity of use (character-
(e.g. electrical or chemical) istics of user behaviour)
e specific energy consumption per unit e Terms and conditions of use
of use (e.g. room temperature, indoor/outdoor tem-
e Type of emissions produced peratures)

(e.g. pollutants, dust and noise)

e absolute energy consumption

Disposal phase

e specific pollutant and impurity contents e Degree of collection and supply to the dis-
e Degree of separation of the various materials posal processes (collection efficiency)
contained and impurities e Combination and operation of the disposal
e Circulation effort for the different processes
materials e Pollutants/interference substances for the

specific type/mode of operation of the dis-
posal processes

e Raw material, energy and emission effi-
ciency of the recycling processes themselves

However, a lifecycle-related evaluation can be used to include processes such
as raw material extraction, which results from the selected material type, in
the evaluation process via assumptions and specifications. It also shows to
what extent a selected type of material has an impact on the environment
and whether adequate material substitutes, such as more efficient raw ma-
terial extraction, can even reduce the environmental impact while maintain-
ing the same product quality and costs.

2 Cf.Jepsen et al. (2014), pp. 10 - 12.
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2.3 Innovation stages to increase the resource effi-
ciency of a product

The increase in resource efficiency depends on the respective system level.
The more comprehensive the system level, the greater the resource effi-
ciency potential. Four different system levels or innovation levels can be dis-
tinguished (Figure 5)°3C.

TIME EFFICIENCY POTENTIAL
innovation

innovation

innovation

improvemnt

»
»

Duration

Figure 5: Innovation stages/system levels®!

The product improvement makes modifications to the existing product,
such as geometry changes or material substitutions. In this way, small re-
source efficiency potentials can be tapped in a small time window. Product
changes can also result from changes in the manufacturing process, e.g. due
to the process changeover to near-net-shape forming.3? If the product exam-
ple "automobile" is considered, the substitution of steels by aluminium al-
lows a weight reduction and thus a fuel saving.>® The work of the VDI ZRE
provides, among other things, examples of product improvement. These are

« the use of lightweight construction materials (e.g. high-strength steels,
brief analysis "Resource efficiency in lightweight construction#),

30" Cf. Oberender (2006), p. 19.
31 According to VDI 4800 sheet 1 (2016), p. 35.

32 The practical examples for the individual innovation stages also relate to the improvement of the
production process, whereby in this case the production equipment represents the product.

3 Cf. VDI 4800 Sheet 1 (2016), p. 35.
3% Cf. Kaiser et. al. (2016).
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- the surface coating using the lotus effect for better cleaning and care of
products (brief analysis "Resource efficiency through bionics"??),

« Dbio-based base oils for use with lubricants (brief analysis "Resource effi-
ciency of bio-based materials in the manufacturing industry"39).

In redesign innovation, improvement already includes central subsystems
of a product. Thus, at least the design of the product is redesigned, adapted,
expanded or optimized. Existing production processes must or can be com-
pletely replaced by alternative manufacturing processes. The "automobile"
example shows that the integration of a hybrid engine instead of a classic
combustion engine represents a redesign innovation.3”3¢ Other examples re-
lated to manufacturing systems are

» the demand-oriented generation of compressed air through the use of elec-
tronic ballasts (study "Resource efficiency through industry 4.0"%?),

« the adaptation of the pressure of an injection moulding machine to the
viscosity of the molten plastic granulate for filling into the intended mould
(film "Plastics: Less material, more quality"*°),

» the use of pore burners in furnaces instead of the solution annealing pro-
cess in furnaces (Film "Stainless steel casting without fire"*!).

In concept innovation, the entire product concept is reworked, renewed and
revised, resulting in completely new product structures, subsystems and
sub-assemblies. In the case study of the "automobile", the replacement of a

3

G

Cf. Niebaum et al. (2017).
Cf. Saulich (2016).
Cf. VDI 4800 Sheet 1 (2016), p. 35.

The practical examples for the individual innovation stages also relate to the improvement of the
production process, whereby in this case the production equipment represents the product.

Cf. Schebek et al. (2017).
Cf. VDI Zentrum Ressourceneffizienz GmbH (2017b).
Cf. VDI Zentrum Ressourceneffizienz GmbH (2017c).
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conventional small car with an electric city car describes a concept innova-
tion.* *3 Other examples are

« the use of a ceramic matrix to preheat ladles for melting metal instead of
preheating them over an open fire (film "Stainless steel casting without
fire"*") and

« the use of casting processes instead of milling processes in production
(film "Fine casting instead of a coarse plane"*).

System innovation involves a major change in product concepts and their
infrastructures. In the case of the "automobile", the creation of a combined,
smart transport system in which the individual components (cars, traffic
lights, bicycles, etc.) communicate with each other would be an example of
system innovation.*é Other examples are:

« the use of digital systems in the value chain by industry 4.0. Process op-
timisation right up to the supplier can be achieved, for example, by means
of material flow visualisation through real-time data acquisition, in order
to reveal further resource efficiency potentials across value-added stages
(study "Resource efficiency through industry 4.0"#),

« the development of industrial symbioses (economic integration of neigh-
bouring businesses with the goal of cascading the use of residual materi-
als and energy and sharing infrastructure, services and social facilities*?).

4

S

Cf. VDI 4800 Sheet 1 (2016), p. 35.

The practical examples for the individual innovation stages also relate to the improvement of the
production process, whereby in this case the production equipment represents the product.

Cf. VDI Zentrum Ressourceneffizienz GmbH (2017c).
Cf. VDI Zentrum Ressourceneffizienz GmbH (2017d).
Cf. VDI 4800 Sheet 1 (2016), p. 35 f.

Cf. Schebek et al. (2017).

Cf. The Waste and Resources Action Programme (2017).
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3 RESOURCE EFFICIENCY MEASURES IN THE PRODUCT
DEVELOPMENT PROCESS

In product development, it is decided how a product is designed to be mainte-
nance-friendly, recyclable, easy to assemble or repair. Adequate materials
are selected, component shapes or modular elements are designed and the
use of technology is determined. Resource efficiency is playing an increas-
ingly important role in competitiveness and thus entrepreneurial success.

The selection and definition of product characteristics, especially in the task
clarification, concept and design phases, should ideally take resource effi-
ciency aspects into account. For this purpose, actors in product development
have various resource efficiency strategies and concrete measures at their
disposal (Figure 6, Chapter 3.1 and Chapter 3.2).

Nevertheless, the implementation of such resource efficiency aspects in the
product development process has so far lagged behind the possibilities. The
reasons for this are*’

« the lack of systematisation, directives and knowledge sharing of practical
experience to introduce resource efficiency aspects,

« the lack of experience in implementing successful pilot projects in estab-
lished business processes,

« the lack of integration of resource efficiency aspects into business man-
agement or strategic business alignment,

« Difficulties in selecting and prioritising resource efficiency measures.

In order to facilitate the integration of resource efficiency aspects for busi-
nesses, various applications in the product development process were cre-
ated to provide assistance.

The Ecodesign Maturity Model (EcoM2), for example, aims to assess the sta-
tus quo of resource efficiency measures applied in a business. The model can
then be used to gradually integrate untapped resource efficiency potentials

4 Cf. Pigosso et al. (2013), p. 161.
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into product life cycle management and related processes as well as strategic
business goals and drivers.>°

Resource efficiency potentials can be evaluated and tapped using various
methods. The product developer has a variety of methods at his disposal for
a life cycle evaluation and for a product development-related evaluation
(Figure 6, Chapter 3.3). The "Design Decision Support Assistant" (DDSA) tool
can support the product developer in selecting the appropriate evaluation
method. This comprises 29 methods from which appropriate evaluation
methods are selected according to the product developer's defined criteria.’!

Product development process | |nflyencing resource Product lifecycle
efficiency in processes -
Idea / customer request Raw material
Section 3.1 extraction
iEvi Combination of o
RN R product and service =% )
Concept phase Production
Design phase Section 3.2 ~
Resource-efficient
product design Use
Development phase
b
Product design AT TEIpE g FEse s Disposal

efficiency in processes

Section 3.3 Assessment methods for evaluating resource efficiency

Figure 6: Resource efficiency strategies and evaluation methods*

50 Cf. Pigosso et al. (2017).
51 Cf. Buchert et al. (2017), p. 403.
52 Following VDI 2221 (1993), p. 9, VDI 4800 sheet 1 (2016), p. 33 and Pahl et al. (2013), p. 17.
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3.1 Resource efficiency through the combination of
product and service

The Product Service System is a marketable combination of products and
services that together are able to meet a user's need.>

Three types of Product Service Systems (PSS) can be distinguished depend-
ing on the distribution of service and product shares (Figure 7).

Product-oriented PSS

Usage-orientated PSS

Results-oriented PSS

Service proportion

PSS - Product-Service-System

Figure 7: Three categories of product service systems>®

The product-oriented product service system focuses on the product. The
manufacturer can offer an additional service to the product, e.g. a consulting
service. If, for example, the manufacturer offers product take-back after the
end of the utilisation phase, attention should be paid in this case, but also in
general, during the product development process to the design of the product
in such a way that it is suitable for dismantling, repair or maintenance, recy-
cling and disposal (Chapter 3.2.2, Chapter 3.2.5).%

53 Cf. Goedkoop (1999), p. 18.

54 Cf. Tukker (2004), p. 248.

55 According to Tukker (2004), p. 248.
5 Cf. GraBle et al.(2010), p. 2036.


http://teclim.ufba.br/jsf/indicadores/holan%20Product%20Service%20Systems%20main%20report.pdf
http://sustainelectronics.illinois.edu/NSFworkshop/Reading/Eight%20Types%20of%20Product-Service%20System%20Eight%20Ways%20to%20Sustainability%20Experiences%20from%20Suspronet.pdf
https://pdfs.semanticscholar.org/c5c2/08369f06e00d7f3fff232d1bd26e10a87d3f.pdf

Resource efficiency measures in the product development process

With use-oriented product service systems, the customer is provided with
the use of a product. The manufacturer assumes the warranty for the func-
tion, e.g. through maintenance and repair work. Product ownership remains
with the manufacturer during the entire utilisation phase, to whom the prod-
uct is returned at the end of the usage phase. Typical examples of use-ori-
ented product service systems are construction and production machine
leasing or rental.>’

The result-oriented product service systems include the category with the
highest service share. Contracts with the customer are concluded for a ser-
vice to be rendered, which includes, for example, the cleaning of a defined
surface area. Invoicing is therefore made for each service unit rendered, e.g.
in euros per square metre of cleaned surface area. A typical example of this
is chemical leasing (blue box). Other examples are the billing per hour flown
for engines®® or a fixed price per cubic meter of compressed air used®’. In all
examples either the chemical, the engine or the compressed air machine is
monitored, maintained and taken back by the manufacturer.

Example chemical leasing®®

Chemicals that are not reactive but recoverable can be traded between
businesses using the innovative business model of chemical leasing. In-
stead of the classic quantity-related payment (e.g. €/t), a result-oriented
payment is made (e.g. €/m? cleaned surface area).

The change in remuneration creates an economic interest for the chemical
manufacturer to reduce the consumption of chemical products by the user
through process optimisation instead of increasing the quantity-based sale
of chemicals (Figure 8).

57 Cf. GréBle et al. (2010), p. 2036.

% Cf. Rolls-Royce (2012).

% Cf. Kaeser Compressors Se (2017).

%0 Cf. Leismann et al. (2012), p. 37 et seqq.
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https://pdfs.semanticscholar.org/c5c2/08369f06e00d7f3fff232d1bd26e10a87d3f.pdf
http://www.rolls-royce.com/media/press-releases/yr-2012/121030-the-hour.aspx
http://www.kaeser.de/loesungen/betreibermodelle/
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Traditional: Traditional:
,the more material fict ,Ithe less material
(gquantity, volume) ~——— cfnr;er':;rnsg ——————  [(guantity, volume)
the better” the better”
Supplier Customer
Leasing: Leasing:
. the less material . the less material
(quantity, volume) —— same <~ (guantity, volume)

interests

the better” the better”

Figure 8: Schematic model of chemical leasing‘/’1

The model of chemical leasing and the resulting parallel interests of the
supplier and the customer result in benefits such as:

« the conservation of resources,
« the reduction of environmental pollution,
e energy saving and

the avoidance/reduction of waste.%?

Particularly in the case of products which are intended to be used or result-
oriented product service systems, care must be taken to ensure that the prod-
uct design during the product development phase is suitable for dismantling,
repair or maintenance and that it is optimised for use, recycling and disposal
(Chapter 3.2). In this way, the provider of product service systems improves
its economic and ecological balance. Further advantages and disadvantages
resulting from product service systems are summarized in Table .

61 According to Leismann et al. (2012), p. 38.
62 Cf. Leismann et al. (2012), p. 37 et seqq.


https://www.boell.de/sites/default/files/Endf_NutzenStattBesitzen_web.pdf
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Table 2: Environmental impacts of product service systems®

Positive environmental

Negative environmental impacts

impacts

e Use of durable products and low-con- e greater consumption-related wear/overuse
sumption and/or high-performance e (too) long use of inefficient equipment
equipment

o Consideration of technical-ecological
progress

e Promotion of recycling- and disposal-
friendly construction

3.2 Resource-oriented product development and con-
crefe resource efficiency measures

In product development, the design requirements for the product to be de-
veloped are defined and implemented. That includes:

« a product design suitable for production,

« aproduct design suitable for dismantling,

« product design suitable for repair and maintenance,
« a material appropriate product design,

« functional/usable product design or

« aproduct design that is suitable for recycling and disposal.

These requirements are summarized under the term "Design for X", whereby
many requirements also serve the principles of eco-design®*. The principles
of eco-design include:°

the longevity of the product,

% Cf. Leismann et al. (2012), p. 20.

% Ecodesign is a systematic approach to product design in order to reduce the environmental
impact of a product over its entire life cycle by means of an adapted product design (Cf. Federal
Environment Agency (2017)).

% Cf. ecopoly (2012).


https://www.boell.de/sites/default/files/Endf_NutzenStattBesitzen_web.pdf
https://www.umweltbundesamt.de/themen/wirtschaft-konsum/produkte/oekodesign
https://www.umweltbundesamt.de/themen/wirtschaft-konsum/produkte/oekodesign
http://ipp-netzwerk.hamburg.de/netzwerk/index.php?topic=86
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« the reparability of the product,

» the material efficiency of the product,

« the energy efficiency of the product,

« the low level of problematic substances in the product,
« the use of renewable raw materials in the product and
« the recyclability of the product.

The "Design for X" strategies and the principles of eco-design are compared
in Figure 9. This shows which strategies and ecodesign principles can be
linked.

Principles of ecodesign
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Product-oriented
product design

(Section 3.2.1)

v Product design
-= appropriate for disassembly

(Section 3.2.2)

Repair/maintenance-oriented
product design
(Section 3.2.2)

strategie

"

Material -appropriate
product design

(Section 3.2.3)
Function/use-appropriate
product design

(Section 3.2.4)

Design for X

W

Recycling /disposal-oriented
product desin
(Section 3.2.5)

The objective of the 'Design for X" strategy is very likely to have a direct
effect on the eco-design principle

Figure 9: Linking design for X strategies and ecodesign principles (derivation in
appendix)
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For example, a product design that is suitable for dismantling is highly likely
to facilitate the circulation of the product, as it can be more easily broken
down into its components, e.g. for further component reuse or recycling.

The design for X strategy listed in Figure 9 can be extended or further de-
tailed and are therefore not to be understood as conclusive. Some strategies
may exclude others or create a conflict of objectives. A product design suita-
ble for production does not necessarily have to correspond to a product de-
sign suitable for use or recycling. In the opposite case, however, synergies
also arise. A product design suitable for dismantling is often accompanied
by a product design suitable for repair or maintenance.

3.2.1 Production-oriented product design

Production-oriented product design is aimed at reducing the amount of work
involved in the production process. Components and component groups to
be assembled can, for example, be reduced using an integrated construction
method (combining several components in one).% This results in reduced
waste generation (rejects) and material and energy savings in the process.
However,® it is also possible, for example, to divide complex components
into component parts that are easy to produce, while taking into account a
possible increase in assembly effort.

Further resource efficiency strategies for the implementation of a produc-
tion-oriented product design are%® ¢’

« the optimization or reduction of the number of surfaces and the surface
area size of the product,

« the reduction of manufacturing steps and in-house production, for exam-
ple through a considered purchase of components, such as remanufac-
tured components,

6 Cf. Kalweit et al. (2012), p. 600 et seqq.
7 Cf. VDI 4800 Sheet 1 (2016), p. 42.
% Cf. Kalweit et al. (2012), p. 600 et seqq.
® Cf. VDI 4800 Sheet 1 (2016), p. 42.

>
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« the reduction of the machining volume and the reduction of tool wear and
the occupancy times of operating resources through intelligent designs or
constructions of the product, for example near-net-shape prototyping or
forming,

« the optimisation of production by standardising the manufacturing pro-
cess: standardised series, use of uniform tools and increase in batch sizes
(multiple use, use of series or Kits).

3.2.2 Dismantling and repair-oriented product design

The product design for dismantling is designed to simplify the dismantling
process as much as possible. At the same time, this benefits the repair,
maintenance and service friendliness of a product as well as its recyclability
and thus its service life and recyclability. In practice, for example, an inte-
grated design, i.e. the reduction of the number of components, as well as
adapted joining processes (including Click mechanisms instead of adhesive
joints, additive manufacturing) lead to easier dismantling. Particularly for
products manufactured as so-called product service systems (Chapter 3.1),
optimised servicing, maintenance and reparability must be ensured.

Resource efficiency strategies for the implementation of a product design
suitable for dismantling are among others:”°

« the tracking of a simply structured building structure with the same dis-
mantling and joining directions,

« the arrangement of fasteners or disassembly connections so that they are
easy to find and accessible,

« the choice of connection elements or dismantling connections in an easily
detachable design,

« the reduction of fine motor work during removal or positioning, the design
of user-friendly gripping and moving spaces,

~

0 Cf. ECODESIGN Pilot (2017a).


http://pilot.ecodesign.at/pilot/ONLINE/DEUTSCH/PDS/DETAILS/717.HTM
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« ensuring the functionality of the connecting elements or disassembly con-
nections along the entire life cycle, e.g. by means of protective devices,

« the guarantee of reversible assembly processes and

« the reduction of the dismantling time and the dismantling ways by e.g.
established, simple and/or standardised assembly techniques.

Resource efficiency strategies for the implementation of repair-oriented
product design include:”" 7?

« following a simple building structure for easy cleaning and the use of dirt-
repellent surfaces,

« steering the inevitable wear on components that are easily replaceable or
repairable,

« the choice of a simple wear detection to avoid loss of reserves in case of
too early maintenance and consequential damage in case of too late
maintenance,

« making the product user aware of upcoming service units of the product
by means of information such as signal lamps and

« the design of fasteners and sub-assemblies for standardized tools to avoid
the use of special tools for maintenance/repair.

3.2.3 Material-specific product design

An important lever for the implementation of material efficiency in produc-
tion, use and disposal is the material-compatible product design. In product
development, it can be specified that the amount of material to be used must
be kept to a minimum, that the weight of the product must be reduced and/or
the environmental impact caused by the materials used must be minimised
(for example, certification with the "Blue Angel" as a product requirement).
For this purpose, the number of components can be reduced or an adequate

71 Cf. Kalweit et al. (2012), p. 600.
72 Cf. ECODESIGN Pilot (2017b).
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selection of materials (e.g. Secondary raw materials, bio-based raw materials,
lightweight construction).

Other resource efficiency strategies that promote material appropriate
product design are:”> 74

the optimization of component size, number and design (e.g. wall thick-
ness and component design),

« the processing of materials with a good environmental or life cycle evalu-
ation (application of indicators such as cumulative raw material demand
(CRD) or cumulative energy demand (CED), Chapter 3.3),

» the avoidance and reduction of problematic, hazardous and toxic materi-
als and components,

« the use of materials made from renewable raw materials (provided that
no more raw material is needed than can grow again in the same period,
that cultivation is environmentally compatible and that there is no com-
petition for land use with food production’),

« the use of secondary raw materials and recyclable raw materials to pro-
mote recycling,

« the application of wear protection, corrosion protection and hard material
coatings,

» the avoidance of inseparable material composites or of components and
sub-assemblies made of one material each (single-material parts),

« the avoidance of raw materials and components that require environmen-
tally hazardous and/or socially problematic raw material extraction.

73 Cf. Kalweit et al. (2012), p. 600.
* Cf. ECODESIGN Pilot (2017c).
75 Cf. VDI 4800 Sheet 1, p. 22.
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http://pilot.ecodesign.at/pilot/ONLINE/DEUTSCH/PDS/DETAILS/701.HTM
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3.2.4 Function- and use-oriented product design

The most resource-intensive phase of life is the utilisation phase, especially
for energy-consuming products. The behaviour of the user can be positively
controlled by constructive measures or an incorrect use can be avoided by
indicative measures.”¢

Resource efficiency strategies that support functional product design in-
clude:””

« ensuring high product reliability, e.g. through design measures such as
protective systems to protect against overloads,

« ensuring high product quality by, among other things, reducing disturb-
ance variables,

« the calculation or facilitation of further technological developments
through the upgradability of the product,

« allow the product to be readjusted or adjusted to compensate for wear in
the product,

« the striving for a product design that is as robust as possible with a simple
functional structure at the same time.

Resource efficiency strategies that support product design that is appro-
priate for use:”®

« the prevention of product misuse that has a detrimental effect on the en-
vironment,

« the display of the current energy or resource consumption of the product
during use,

« the reduction of energy requirement during use by improving efficiency,

76 Cf. VDI 4800 Sheet 1 (2016), p. 23.
7 Cf. ECODESIGN Pilot (2017d).
# Cf. ECODESIGN Pilot (2017e).

~

~

37


http://pilot.ecodesign.at/pilot/ONLINE/DEUTSCH/PDS/DETAILS/710.HTM
http://pilot.ecodesign.at/pilot/ONLINE/DEUTSCH/PDS/DETAILS/713.HTM

38

Resource efficiency measures in the product development process

« the avoidance of waste during use, also through the use of recyclable aux-
iliary and operating materials,

« the coordination of the service lives of the components used and the use
of a timeless design and

» the design of usable surfaces.

3.2.5 Product design for recycling and disposal

The adaptation of the product design to potential recycling processes sup-
ports the recyclability of materials and protects primary raw materials
through the use of secondary raw materials. In particular, the easy separa-
bility of the processed materials and the absence of material composites pro-
mote recyclability.”?

In addition to resource efficiency strategies, resource efficiency strategies to
promote product design that is suitable for recycling and disposal also
include product design that is suitable for dismantling, repair and materi-
als:80

» ensuring that recyclable materials are easy to remove and separate,
» ensuring that materials used are eligible for recycling,

« the use of recyclable surface coatings,

« ensuring that fuels and pollutants are easy to remove,

« the calculation of the type of collection and the point of generation of the
waste,

« information about the type of disposal of the product on the product itself,

« compliance with the marking of all materials used in accordance with
standards (if standards and directives are available) and

7% Cf. Kalweit et al. (2012), p. 607.
8 Cf. ECODESIGN Pilot (20171).


http://pilot.ecodesign.at/pilot/ONLINE/DEUTSCH/PDS/DETAILS/718.HTM
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« the calculation of possibilities for the reuse of entire sub-assemblies (re-
manufacturing).

3.2.6 Practical examples

(1) Resource-efficient design of LED lamps

Seidel GmbH has developed LED lamps that consist of only seven compo-
nents and can be assembled using plug connectors. The use of glue and tin
for soldered joints was saved. Instead of cast aluminium bodies, an alumin-
ium sheet was used for cooling the LEDs, which reduced the amount of ma-
terial used by half.

Through further resource efficiency measures, it was possible to reduce the
total cost of raw materials by 90 % and energy demand by 50 % compared
with conventional LEDs. As a result, the LED lamps were able to meet the
strict criteria of the "Blue Angel" (RAL-UZ 151) and are certified with its seal.

Figure 10: Comparison of LED lamp design (left: four conventional LED lamps; right:
Seidel GmbH LED lamp)®!

(2) Resource-efficient textiles

The textiles of Climatex AG meet the ecodesign criteria of longevity, recycla-
bility and the use of renewable raw materials. They regulate temperature and

81 Cf. VDI Zentrum Ressourceneffizienz GmbH (2017).


http://www.ressource-deutschland.tv/themen/allgemeines/materialeffiziente-produktion-von-led-lampen/
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humidity, i.e. they can insulate both cold and heat. Other properties include
flame retardancy and tear resistance.®

A joining technology that interlocks natural fibres and synthetic fibres ena-
bles the materials to be separated according to type after the utilisation
phase, so that the textiles are completely recyclable. By fulfilling the
ecodesign criteria, the business's textile products are certified with the Cra-
dle to®*Cradle mark.

(3) Resource-efficient automotive lacquer

The technical properties of BASF's automotive paint enable it to reflect the
infrared radiation of sunlight. The temperature of the body can be reduced
by 20°C and that of the interior by 4°C. This optimization reduces the air
conditioning of vehicles, reduces the fuel consumption of conventional cars
and extends the range of electric cars by reducing energy consumption.®

(4) Resource-efficient partition wall

Airbus has developed partition walls for aircraft that are 45 % lighter than
comparable products. By additive production of the partition wall and the
development of a lightweight alloy material, weight, fuel and consequently
COz-Emissions per aircraft can be reduced by ten tons per year. The partition
walls are of modular design and can also be installed in existing aircraft. In
addition, the material used is completely recyclable.?

(5) Resource-efficient demolition hammer

The demolition hammer developed by Hilti AG is characterised by its repair-
friendly design. Wear parts can thus also be changed by the operator. After

8!

S

Cf. Federal Prize Codesign (2016), p. 14.

Products that receive the Cradle to Cradle certificate use environmentally safe, healthy and
recyclable materials, solar energy or other forms of regenerative energy and a responsible use of
water (Cf. Type of brown (2017).

Cf. Federal Prize Codesign (2016), p. 22.
Cf. Federal Prize Code Design (2016), p. 30.
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https://www.bundespreis-ecode-sign.de/downloads/3309/BroschreWanderausstellungBundespreisEcodesign2016.pdf
http://www.braungart.com/de/content/die-cradle-cradle%C2%AE-zertifizierung
https://www.bundespreis-ecode-sign.de/downloads/3309/BroschreWanderausstellungBundespreisEcodesign2016.pdf
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the utilisation phase, the user can return the device to Hilti AG, where the
tool is sent for adequate recycling.®

3.3 Methods and tools for the evaluation of resource
efficiency

Product development has a decisive influence on the life cycle of a product.
The resulting consequences can and should be assessed through a holistic
evaluation. A large number of complex and less complex methods and tools
exist for this purpose (Figure 11, Chapter 3.3.1).

— Calculation fool for greenhouse gas reduction

[ ECODESIGN pilot (5)
" SolidWorks sustainability .
GaBi — Ecodesign tool (5)
w .
3 Umberto —— Ecodesign kit (5)
o
—
@
Clarifying M Concept M Design ||Development DI | R/P/N/E
the task phase phase phase 4
Assessment of resource efficiency in product development (section 3.3.2)
Life-cycle assessment of resource efficiendy (section 3.3.1)
— (1) Cumulative raw material —— (1) Component/assembly analysis
consumption
" "~ (2) Cumulative energy demand [ (2) Resource FMEA
g —— (3) Raw material crificality — (3) ABC analysis
Lot .
% — (&) Life cycle assessment — (4) Resource-oriented functional carrier analysis
— (5) ECO indicator 99
— (6) MET matrix
— (1) Product line analysis
I (8) Eco efficiencyanalysis

~(9) €O footprint

The (numbers) indicate the
numbering in each section

R/P/N/E - Raw material extraction / Production /Use Disposal
FMEA - Failure mode and effects analysis
MET - Materials, Energy and Toxicity

Figure 11: Methods and tools for evaluation of the resource efficiency®

8 Cf. Federal Prize Code Design (2016), p. 53.
% Following VDI 2221, p. 9, VDI 4800 sheet 1 (2016), p. 33 and Pahl et al. (2013), p. 17.
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During the product development process, further methods enable the evalu-
ation of the status quo of resource efficiency. These methods focus on im-
proving technical properties that lead to a resource-efficient product (Chap-
ter 3.3.2). These tools include software and other tools that implement the
methods.

3.3.1 Life cycle evaluation of resource efficiency

(1) Cumulative raw material demand (CRD)

Cumulative raw material demand (CRD) refers to the "sum of all raw materi-
als entering a system - except water and air - expressed in units of weight"®,
e.g. tonnes of raw materials consumed per tonne of product. The cumulative
raw material demand therefore includes all raw materials and energy raw
materials required to produce, use and dispose of a product. These can be
grouped into biotic, metallic and energetic raw materials as well as construc-
tion and industrial minerals. The aggregated data basis required for the eval-
uation refers to a functional unit® (e.g. 2,000 working hours per year). This
ensures comparability and defines the benefits of the system.

Figure 12 shows an example of balanced cumulative raw material demands
for two different energy storage technologies within a uniformly defined
framework.”°

8 Giegerich et al. (2012), p. 22.
8 The functional unit is the quantified benefit of a product system for use as a unit of comparison.
%0 Cf. VDI Zentrum Ressourceneffizienz GmbH, draft (2017).
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Figure 12: Example: Cumulative raw material consumption of energy storage
technologies®!

The application of the method is complex and requires a well-founded data-
base, which is made available in databases such as the freely accessible Pro-
Bas database of the Federal Environment Agency 2 or the ecoinvent database
subject to licensing (Table 3).

Table 3: Goal, complexity and application tools of the cumulative raw material demand

Trait Expression

Determination of raw material demand over the entire life
Goal of the method R
cycle of a product or service

Complexity of the method High
among other things Umberto NXT®, GaBi®, SolidWorks ®
Tools for applying the method Sustainability Databases: ProBas

(www.probas.umweltbundesamt.de), ecoinvent

(2) Cumulative energy demand (CED)

Cumulative energy demand (CED) is defined as "the total primary energy
expenditure associated with the production, use and disposal of a product or
service"?®. The cumulative energy demand is therefore the sum of the energy

! Cf. VDI Zentrum Ressourceneffizienz GmbH, draft (2017).
92 Link to the ProBas database www.probas.umweltbundesamt.de
% VDI 4600 (2012), CF. 6.


http://www.probas.umweltbundesamt.de/
http://www.probas.umweltbundesamt.de/
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required to production, use and disposal of a product or service. In addition,
it can be grouped into primary energy sources.

CED, exhaustible: CED-fossil, CED-nuclear
CED, regenerative: CED-biomass, CED-wind, CED-sun,
CED-hydropower

The balancing of the cumulative energy demand also requires a well-founded
data basis, which must be related to a functional unit, i.e. the comparison
unit. The result is energy demand that is spent, for example, in megajoules
per functional unit.

Figure 13 shows an example of the cumulative energy demand for the com-
parison of three energy storage technologies for a defined scope of investi-
gation.”*

300.000 1 i i
m(ED, regenerative mCED, exhaustible 15 703

250.000 [ ]
— 200.000 -
w
S 12.032 13.309
@ 150.000 7 — —
=

100.000

128.128 133.558
50.000 A
0 - T T
Lead-acid battery LiFePO4 battery Flywheel storage device

LiFePQOs4 - lithium iron phosphate baftery; FU - functional unit
Figure 13: Example: Cumulative energy demand of energy storage technologies®

Also the calculation of the CED is characterized by a high complexity. Possi-
ble software-based application tools are listed in Table 4.

9% Cf. VDI Zentrum Ressourceneffizienz GmbH, draft (2017).
95 Cf. VDI Zentrum Ressourceneffizienz GmbH, draft (2017).
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Table 4:  Goal, complexity and application tools of the cumulative energy demand

Trait Expression

Determination of energy demand over the entire life cycle

Goal of the method )
of a product or service

Complexity of the method High
among others: Umberto NXT®, GaBi®, SolidWorks®, Sus-
Tools for applying the method tainability Databases: ProBas

(www.probas.umweltbundesamt.de), ecoinvent

(3) Evaluation of raw material criticality

Critical raw materials are raw materials on which the economy is heavily
dependent and which are subject to geological, structural and geopolitical
supply risks.%

The evaluation of raw material criticality enables the evaluation of the so-
called vulnerability of a reference system (e.g. a business) to supply bottle-
necks of certain raw materials.®’

According to VDI 4800, Sheet 2, the determination of raw material criticality
is tied to a total of 16 criteria which are assigned to three categories (Figure
14).

96 Cf. Federal Environment Agency (2015), p. 8.
97 Cf. VDI 4800, sheet 2, draft (2016), p. 8.
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Category 1 Category 2 Categories 3
Geological, technical and Geopolitical and Economic criteria
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Static range Country concentration of Corporate concentration of
reserves global production
Combines produchn»n/ Country (onten.frahon of Global demand impulse
secondary production production
P . .
= Recycling Geopolitical risks of Substitutability
@ world production
=
S Logistical Regulatory situation of Raw material price
restrictions world production fluctuations

Restrictions due to
natural events

Figure 14: Three categories and 13 criteria of raw material criticality assessment”®

The criteria are evaluated for static range using indicators such as the ratio
of reserves to global annual production. The value range of the indicators is
divided into four classes (Figure 15).%°

Criterion
is critical

D Q Criterion
\ is not critical
\
// \
/ Example: static

Example: static range of an

Example: static Example: static range of an assessed commodity
range of an . is
. range of an assessed commodity
assessed commodity . ;
: assessed commodity is > 100 years
s is 50 - 100 years
€20 years 20 - 50 years

Figure 15: Value range for evaluating raw material criticality '

The directive VDI 4800 sheet 2 already offers raw material data sheets that
evaluate the criticality of the supply risk of selected raw materials. If such
information is not available, each criterion must be assessed individually
(Table 5).

98 Cf. VDI 4800, sheet 2, draft (2016), p. 9.
9 Cf. VDI 4800, sheet 2, draft (2016), p. 9.
100 According to VDI 4800, sheet 2, draft, (2016), p. 9.
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Table 5: Goal, complexity and application tools of raw material criticality

Trait Expression

Goal of the method Determlnatlon of the supply risk and vulnerability of a raw
material

Complexity of the method medium to high

Tools for applying the method no application tools available

(4) Life cycle evaluation

The international standards DIN EN ISO 14040 and DIN EN ISO 14044 de-
scribe the principles and requirements of the life cycle evaluation. It is de-
fined as "the compilation and evaluation of the input and output flows and
potential environmental impacts of a product system throughout its life cy-
cle"! Input flows such as energy, raw materials and supplies as well as
output flows such as waste and emissions are balanced over the product life
cycle. The data are used to calculate various impact categories, such as abi-
otic resource consumption, acidification potential, eutrophication potential
or greenhouse gas potential, which make a statement about the holistic en-
vironmental impact along the life cycle. Figure 16 shows an example of the
greenhouse gas potential, i.e. the amount of carbon dioxide emissions from
various energy storage technologies that were balanced within a defined
framework. 102

101 PIN EN ISO 14040 (2009), p. 7.
102 ¢f, VDI Zentrum Ressourceneffizienz GmbH, draft (2017).
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25.000 Global warming potential GWP 100
20.000
15.000

10.000

kgC02 -eq/FU

w
o
o
o

Lead-acid battery LiFePO4 battery Flywheel storage device

LiFeP0« - lithium iron phosphate battery; FU- functional unit
Figure 16: Example: Greenhouse gas potential of energy storage technologies '

The comparability must be guaranteed, like with the CED and CRD, over a
functional unit, thus a comparison unit. The database for the complex calcu-
lations can also be databases such as ecoinvent or ProBas (Figure 16).

Table 6: Goal, complexity and application tools of the life cycle evaluation

Trait Expression
Determination of the environmental impact over the entire
Goal of the method life cycle of a product system, such as carbon dioxide emis-
sions (global warming potential)
Complexity of the method High

among others Umberto NXT®, GaBi®, SolidWorks®, Sus-
Tools for applying the method tainability Databases: ProBas
(www.probas.umweltbundesamt.de), ecoinvent

(5) ECO Indicator 99

The Eco-Indicator 99 is a method for estimating the damage-oriented effect
of environmental influences caused by a product or product system along its
entire life cycle. The evaluation is carried out in three loss categories. The
damage caused by the product or product system to the categories of human
health, ecosystem quality and resource stock is therefore quantified.

103 Based on VDI Zentrum Ressourceneffizienz GmbH, draft (2017).


http://www.probas.umweltbundesamt.de/
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The complex methodology calculates a key figure. The higher it is, the higher
the damage in the three damage categories caused by the product (Figure
17)~1O4

Serious 0 No
damage ) J— .7000000 ............. damage
expected _— expected
Example: extraction of E le- ducti ¢ Example: production
latinum* xample: production o ple: p i
P plastic granules ABS*1 of brown glass

* Values date from the year 2000
1 acrylonitrile- butadience - styrene copolymer (thermoplastic terpolymers)

Figure 17: Key figures as a result of the Eco-Indcator99'%

This key figure is based on three steps:

(1) A database of the relevant emissions, resources used and land uses must
be researched,

(2) a calculation of the damage caused by these material and energy flows
must be carried out; and

(3) a weighting of the three damage categories results in the key figure of
the Eco-Indicator99.

The calculations, in particular of the second step, can be carried out using
common software solutions (Table 7).

10% Cf. Ministry of Housing, Spatial Planning and the Environment (2000), p. 7.
105 Based on Ministry of Housing, Spatial Planning and the Environment (2000), p. 38 et seqq.


https://www.pre-sustainability.com/download/EI99_Manual.pdf
https://www.pre-sustainability.com/download/EI99_Manual.pdf
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Table 7: Goal, complexity and application tools of the Eco-Indicator99

Trait Expression

Determination of a key figure for the amount of damage

Goal of the method caused by the product

Complexity of the method medium to high
among others Umberto NXT®, GaBi®, SolidWorks®, Sus-
Tools for applying the method tainability Databases: ProBas

(www.probas.umweltbundesamt.de), ecoinvent

(4) MET matrix

The MET matrix (M: material flow, E: energy consumption, T: toxic emis-
sions) is a qualitative method for determining resource consumption during
the product life cycle. This method can be used, for example, during the idea
collection phase or the concept phase.'% Table 8 illustrates the structure of
a MET matrix.

106 Cf, VDI 4801, draft (2016), p. 26.


http://www.probas.umweltbundesamt.de/
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Table 8: MET Matrix %’

Energy consump-
tion
(input/output)

Toxic emissions
(output)

Process Material flow
(input/output)

Identification of thg Energy required for the| Identification of potentially
raw materials of th{ extraction, processing | hazardous raw materials an
Raw 1 product or product| and transport of raw mg waste generated during raw
material system. terials, among other material extraction.
extraction things.
2
Identification of Evaluation of the en- Identification and quantifi-
P the materials re- ergy consumption cation of emissions result-
roduct 1 : . P )
quired for produc- | necessary for produc- | ing from production; identi-
gt factur- tion. tion. fication of packaging waste.
ing 2
Identification of Evaluation of the en- Identification and quantifi-
1 materials re- ergy required in the cation of waste resulting
Utilisation quired for use. utilisation phase. from the utilisation phase.
2
Identification of Evaluation of the en- Identification and quantifi-
materials re- ergy required for the cation of waste generated
. 1 quired for dis- disposal/recycling of | during recovery/disposal
Recycling/ ) .
; posal. the product. (including recycled or re-
Disposal used materials).
2

The procedure is relatively simple, while the overview provided by the MET
matrix allows quick conclusions to be drawn about the impact of the product
or product system on the categories of material flow, energy consumption
and toxic emissions (Table 9).

Table 9: Goal, complexity and application tools of the MET Matrix

Trait Expression

Qualitative and quantitative evaluation of the environmental

Goal of the method impact of a product or product system

Complexity of the method Low

Tools for applying the method no tools necessary

(5) Product Line Analysis (PLA)

197 1n the style of eco3e (2017) and VDI 4801, draft (2016), p. 26.


http://eco3e.eu/en/base/indicators/
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Product line analysis is another method of evaluating the environmental im-
pact of a product. In addition, this method also considers the economic and
social impacts. For this purpose, a product line matrix is created analogous
to the MET method, the criteria of which are defined in advance (Table 8).
The selection of research criteria is based on three areas: nature, society and
the economy Table 10).

Table 10: Research criteria from the fields of nature, society and economy!%

Research criteria

Ecological criteria Economic criteria Social criteria
e Energy demand e Price e Quality of work
e Raw material consumption e Measurable quality e Job satisfaction
e Air pollution e Subjective quality e Accidents at work
e (Groundwater, surface water and e Advertising/Marketing e Pollutant load on the

marine pollution Workplace

e Market power

Pollutant entry into the soil o Individual costs e Health compatibility of the

Decimation and eradication of product

) e External costs .

plants and animals (follow-up costs) e General social values, such as
operational reliability, security

of supply, self-determination

Influence on biotopes and eco-
systems

e Economic dependence

e Distribution effect o Legally sanctioned values

. .. such as equal opportunities or
freedom from forced labour

Climate change, threat to the
ozone layer, acid rain

Radioactivity and radiation expo-
sure

For the product line analysis there is no exactly defined procedure. For each
selected criterion, adequate information must be researched for each life cy-
cle phase, which must be documented in a comprehensible and transparent
manner. The further qualitative evaluation is then dependent on the user.'%

108 Aystrian (n.a.), p. 10 et seqq.
199 Cf, Austrian (n. a.), p. 10.


http://www.umweltbildung.at/cms/praxisdb/dateien/403_pdf.pdf
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Table 11: Goal, complexity and application tools of product line analysis

Trait Expression

Goal of the method Qualltatlve and quantitative evaluation of the environmental
impact of a product or product system

Complexity of the method medium

Tools for applying the method no tools necessary

(6) Eco-Efficiency Analysis

The eco-efficiency analysis shows the relationship between the economic
value added and the ecological damage caused by a product or process. Var-
ious key figures can be used for the eco-efficiency analysis. For the ecological
dimension, for example, this can lead to CO,-Emissions or cumulative raw
material demand (CRD), for the economic dimension e.g. the return on in-
vestment or the contribution margin (Figure 18).110

s = [ .
2 g high
-~ P
] b eco-efficiency
S Product 3
g
-
o5
c E
52 3
Jesl N |
c.2 E
S E E
w Y
SS ° Product 2
Yo
Eu
E cn Product 1
fY a
o ELow o
—2 m|Eco - efficiency AN
v} small medium large

Economic dimension/value added
(e. g. margin)

Figure 18: Exemplary presentation of the results of the eco-efficiency analysis

The eco-efficiency analysis supports investment decisions, optimises prod-
ucts with regard to ecological aspects or shows a possible strategic orienta-
tion of the product portfolio towards sustainable products (Table 12).1'1

110 Cf. Schaltegger et al. (2007), p. 109.
11 Cf. Schaltegger et al. (2007), p. 109.
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Table 12: Goal, complexity and application tools for eco-efficiency analysis

Trait Expression

Goal of the method Support in investment decisions, evaluation of the ecological
performance of a product

Complexity of the method High

For the ecological dimension Umberto NXT®, GaBi® and

Tools for applying the method SolidWorks®, Sustainability etc. can be helpful.

(7) COz-Footprint or CO,-Balance

The CO,-Balance calculates the total life cycle carbon dioxide emissions
caused by a product or product system. Either only carbon dioxide emissions
can be considered or other emissions converted into CO, equivalents can be
included.

The CO; balance can be drawn up for different investigation limits, such as
per person, per business, per city, per country or per activity. Some freely
accessible application tools are available for this purpose (Table 13).

Table 13: Goal, complexity and application tools of CO; balancing

Trait Expression

Determination of the total CO, emissions of a product or prod-

Goal of the method
uct system

Complexity of the method medium

e Calculation tool greenhouse gas reduction of the Energy
Agency NRW (Link: www.energiea-
gentur.nrw/klimaschutz/co2/berechnungstool _treibhaus-

Tools for applying the method gas-minderung)

e among others also Umberto NXT®, GaBi®, SolidWorks®,
Sustainability or databases ProBas or ecoinvent

3.3.2 Evaluation of resource efficiency within the limits of
the product development process

Improving the resource efficiency of a product or product system already
requires the consideration and application of strategies in the product devel-
opment phase (Chapter 3.2). In the following, various methods are presented


http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
http://www.energieagentur.nrw/klimaschutz/co2/berechnungstool_treibhausgas-minderung
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which support the exploitation of resource efficiency potentials in the prod-
uct development phase. Further methods that address resource efficiency in
the product development phase can be found, for example, in the resource
savings book of the German Engineering Federation (VDMA)!12,

(1) Component/sub-assemblies influence analysis

The component/sub-assemblies influence analysis is a procedure for identi-
fying constructive material efficiency potentials. It is determined for which
components/sub-assemblies there is high potential for reducing constructive
or production-related material waste. These can then be subject to a further
optimization loop.

Simple forms and evaluation scales can be used for this purpose. A 0-1-3-9
rating scale provides an opportunity to determine the level of influence of a
sub-assembly on resource requirements (Table 14).113

114

Table 14: Example of a Sub-assembly Influence Analysis Matrix

Sub-assemblies

Process Resource Sub-assembl
Sub-assembly | Sub-assembly I n y
Process Resource 1 0 1 3
Resource 2 3 9 1
1 1 9
Process b 0 1 o
Total 4 12 22
0 = no influence on resource expenditure 3 = medium influence on resource expenditure
1 =low influence on resource expenditure 9 = high influence on resource expenditure

The sum or total value provides information about the sub-assembly with the
highest potential influence on resource expenditure and shows for which
sub-assemblies resource efficiency measures (Table 15, Chapter 3.2) are
promising. In the case of the example in Table 14, Sub-assembly III should
be examined more closely with regard to resource efficiency measures.

112 Cf, VDMA (2016).
113 Cf. VDMA (2016), p. 71.
1% According to VDMA (2016), p. 72.
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Table 15: Goal, complexity and application tools of sub-assemblies influence analysis

Trait Expression

Identification of sub-assemblies/components with the highest
Goal of the method resource efficiency potential and revision of these in the design
and elaboration phase

Complexity of the method medium

e Forms,

Tools for applying the method
§ lor applylng e Data processing programs such as Excel

(2) Resource Failure Mode and Effect Analysis
(Resource FMEA)

The Failure Mode and Effect Analysis (FMEA) aims to identify defects at
an early stage of product and process development. This means that cost-
intensive error elimination during the production process or product use can
be prevented as early as the development phase.'!®

The Resource Failure Mode and Effect Analysis (Resource FMEA) is a
further development of the classic FMEA. Instead of possible errors, bottle-
necks in the upstream value chain are identified for the business. The pur-
pose of the resource FMEA is to define measures to mitigate the supply risk
of considered resources.!

According to the VDMA's resource savings book, a resource FMEA is carried
out in seven sub-steps: preparation, bottleneck analysis, risk evaluation, def-
inition of measures, evaluation and decision, re-evaluation after implemen-
tation of measures and follow-up (Figure 19).

115 Cf. Theden and Colsman (2013), p. 78 - 89.
116 Cf, VDMA (2016), p. 93.


https://www.qz-online.de/qualitaets-management/qm-basics/methoden/fmea/artikel/fehlermoeglichkeits-und-einflussanalyse-fmea-nach-qs-9000-270675.html
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‘ (1) Preparation ‘ (5) Evaluation and (6) Revaluation after
Il decision implementation of
‘(Z)Boffleneck analysis T measures

: (4) l -
‘ (3) Risk assessment }—’Definifion of measures ‘ (7) Postprocessing ‘

Figure 19: Process flow of a resource FMEA!!’

Especially in the preparatory phase, potentially critical raw materials are pre-
selected (1). For example, the method of determining raw material criticality
can be helpful here (Chapter 3.3.1, (3)). The bottleneck analysis lists and
evaluates all possible bottlenecks for the selected raw materials (2). Bottle-
necks are, for example, limited availability or barriers to trade. The potential
bottlenecks are then assessed according to their risk, i.e. their probability of
occurrence (3). Based on this, measures are derived for the resources with
the highest bottleneck risk, which are assessed with regard to their applica-
bility (weighing the benefits against the costs) and selected in the event of a
positive evaluation (4.5). After implementation, a further evaluation of the
situation is carried out and, if necessary, the implementation of measures is
adjusted. The follow-up provides for documentation of the complex process
of the resource FMEA in order to reduce the high costs for similar or subse-
quent projects (6, 7, Table 16).118

Table 16: Goal, complexity and application tools of the resource FMEA

Trait Expression

Identification of resource bottlenecks in the upstream value

Goal of the method chain and derivation of measures to reduce the supply risk

Complexity of the method High

e Forms

Tools for applying the method
§ lor applylng e Data processing programs such as Excel

17 Cf. VDMA (2016), p. 93.
118 Cf. VDMA (2016), p. 94 et seqq.
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(3) ABC analysis

The ABC analysis is a simple tool to define essential and non-essential sub-
stances or resources within a consideration system. The classification or pri-
oritisation with the letters A, B and C is carried out with reference to a ques-
tion or a criterion derived from it, e.g. the quantity of resources to be used in
the product, the costs of the resources or the supply risk of the resources.
Class A has the highest priority and class C the lowest (Table 17).

« A =very important/very problematic = Urgent need for optimisation
« B =important/problematic = Optimisation requirements advisable

« C = unimportant/unproblematic = no/low need for optimisation.!"’

As a result, an ABC analysis can compare the planned materials with the
derived criteria and sometimes draw conclusions with regard to a new choice
of, for example, bio-based materials.

120

Table 17: Example of an ABC analysis

Resource Evaluation criterion

Required quantity Raw material costs Supply
per product per product criticality
Raw material 1 C A A
Raw material 2 A B B
Raw material 3 A C B

The results of the ABC analysis must be related to the respective situation
and weighed up. A further, more detailed analysis can answer open ques-
tions in the next step (Table 18).

119 Cf. Schaltegger et al. (2007), p. 51.

120 According to Schaltegger et al. (2007), p. 51.


http://econsense.de/sites/all/files/nachhaltigkeitsmanagement_unternehmen.pdf
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Table 18: Goal, complexity and application tools of ABC analysis

Trait Expression

Goal of the method Identlﬁcatlon of major 1nﬂuenc1ng factors (e.g. quantity of raw
materials) on resource consumption

Complexity of the method Low

e Forms

Tools for applying the method
§ lor applylng e Data processing programs such as Excel

(4) Resource-oriented functional carrier analysis

The function carrier analysis analyses components and sub-assemblies of a
product and evaluates their function with regard to their importance or ne-
cessity. Potentials for the reduction of used or planned resources can be iden-
tified and unnecessary components or inefficient use of resources can be
counteracted. The sequence of a function carrier analysis takes place in six

steps (Figure 20).12!
(1) Specification of (&) Quantification of (5) Analysis of the functional
system boundary the resource flows elements and identification
I of the associated functions
(2) Derivation of l
the functional elements (3) Connection of the )
of the system to be functional elements by (6) Identification of
examined means of resource flows resource efficiency potential

Figure 20: Procedure of a resource-oriented function carrier analysis'??

The frame of consideration is defined by the definition of the system bound-
ary (1), which can refer to an entire product or only to product components.
These are subdivided into their function carriers or into their sub-assem-
blies/components (2), then the input and output resource flows (e.g. sub-
stances, energy or signals) are determined and interconnected (3). The re-
source flows to be optimised, such as waste heat or waste, are then derived
from this. The resource flows are then quantified (4) and the functional rela-
tionships between input and output resource flows of the functionaries are
illuminated ((5), Figure 21).123

121 Cf, VDMA (2016), p. 110.
122 A¢cording to VDMA (2016), p. 109.
123 Cf. VDMA (2016), pp. 110 - 114.
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EGG Functional element | Functional element Il Functional element IlI AGG
= Function: AGG —— GG Function:  AGG — EGG Function: >
e.g. pumping water e.g. heating water e.g. compressing steam

T~

Output factor | Output factor Il Output factor Il
to be optimised to be optimised to be optimised

EGG = input factor
AGG = output factor

Figure 21: Schematic representation of a function carrier analysis!*

Further possible resource efficiency potentials can thus be derived from the
quantified resource flows and the functional interrelationships or statements
can be made about unnecessary function carriers or function carriers with
more efficient functions ((6), Table 19).

Table 19: Goal, complexity and application tools of the functional analysis

Trait Expression

Goal of the method Reduction of the resources used by identifying unnecessary
components

Complexity of the method medium

e Forms

Tools for applying the method

e Data processing programs such as Excel

(5) Product design tools

In addition to strategies for evaluating and analysing resource efficiency in
product development, there are other tools that can be used during the de-
velopment phase.

These include the ECODESIGN pilot of the Institute of Engineering Design
of the Vienna University of Technology. It is a software-supported, free tool
designed to support product developers and designers in integrating envi-
ronmentally friendly and resource-efficient strategies into the product devel-
opment process.'?®

« Internet address: www.ecodesign.at

Another internet-based tool is the Ecodesign-Kit of the Federal Ministry for
the Environment, Nature Conservation, Construction and Nuclear Safety and

128According to VDMA (2016), p. 116.
125 Cf. Ecodesign Pilot (2017g).


http://www.ecodesign.at/
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the Federal Environment Agency. It is understood as a toolbox consisting of
36 topic papers that offer basic principles, methods and practical examples
in a focused form on all aspects of resource-efficient and environmentally
friendly product development. '

« Internet address: www.ecodesignkit.de

The ECO DESIGN TOOL represents a qualitative decision support in the
product design process. Ecologically relevant aspects such as useful life, ser-
vice life or separability are assigned to the subject areas of use, material and
realisation. The displayed aspects can be linked with each other via a map
system and thus enable a multi-dimensional view.!?’

« Internet address: www.ecodesigntool.com

126 Cf. Ecodesign Kit (2017).
127 Cf. Ecodesign Tool (2017).
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4L STANDARDS AND DIRECTIVES FOR SUPPORTING THE
PRODUCT DEVELOPMENT

Standards and directives can support the product development process. They
can be used for the individual phases, from the clarification of the task to the
elaboration phase, for the entire product development process and also for
the holistic evaluation. Chapter 4.1 addresses resource efficiency as part of
the holistic evaluation. The remaining chapters 4.2 to 4.5 contain directives
without reference to resource efficiency, but are listed for the sake of com-
pleteness and to round off the topic (Figure 22).

—— Section 4.1 - Standards
and guidelines for

integrated
assessment Section 4.4 - Standards and
— guidelines for concept
gesin phase P _ Section 4.5 - Standards

and guidelines for
development phase and
product design

Clarifying Concept Design Development| )
the task phase q phase ) phase 4 R/P/N/E

— Section 4.3 - Standards and guidelines
for clarifying the task

Section 4.2 - Standards and
~ guidelines for the
development process

R/P/N/E - Raw material extraction/Produkction/Use/Disposal

Figure 22: Chapter overview of standards and directives'?®

128 Bollowing VDI 2221 (1993), p. 9, VDI 4800 sheet 1 (2016), p. 33 and Pahl et al. (2013), p. 17.
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L 1 Standards and directives for holistic evaluation

Table 20 lists standards and directives that describe the requirements and
principles of methods for holistic evaluation, such as the cumulative raw ma-
terial or energy demand.

Table 20: Standards and directives for life-cycle evaluation

Document
number

Standards and directives for

life-cycle evaluation:

VDI 4800 Sheet 1

Title and confent

Resource Efficiency - Methodological Foundations, Principles and Strate-
gies

The VDI directive contains the basic principles and principles of life-cycle eval-
uation and strategies that support resource-efficient action.

VDI 4800 Sheet 2

Resource efficiency, evaluation of raw material demand

The VDI Directive covers the methodology for determining the cumulative raw
material demand (CRD), the water and land input and the evaluation of raw ma-
terial criticality, including vulnerability and supply risk (Chapter 3.3.1 (1)).

VDI 4600

Cumulative energy demand (CED) - Terms, calculation methods

The VDI Directive describes the methodology for balancing the cumulative en-
ergy demand, i.e. the energy consumption required for a product or product
system along its entire life cycle (Chapter 3.3.1 (2)).

VDI 4600 Sheet 1

Cumulative energy demand - examples

The VDI directive shows examples of how to determine the cumulative energy
demand using, for example, photovoltaic modules or an offshore wind farm.

DIN EN ISO 14040

Environmental management - Life cycle evaluation - Principles and frame-
work conditions

The standard conveys principles and framework conditions that are linked to
the methodological concept of the life cycle evaluation. The concept of the life
cycle evaluation includes the recording and evaluation of the environmental
impacts of products, processes and services over their entire life cycle (Chapter
3.3.1 (4).

DIN EN ISO 14044

Environmental management - Life cycle evaluation - Requirements and in-
structions

The standard specifies the requirements and procedures required for the imple-
mentation of a life cycle evaluation (Chapter 3.3.1 (4)).

DIN EN ISO 14045

Environmental management - Eco-efficiency evaluation of product sys-
tems - Principles, requirements and directives

The standard describes the principles, requirements and directives of the eco-
efficiency analysis (Chapter 3.3.1 (8)). Eco-efficiency determines the relation-
ship between the economic value added and the ecological damage caused by a
product or process.
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4.2 Standards and directives for the product develop-
ment process

Table 21 shows directives and standards that address information, methods
and, for example, inventive problem solving within the limits of the product
development process. The list of VDI directives and standards can be ex-
tended and should therefore not be regarded as exhaustive.

Table 21: Standards and directives for the product development process

Document
number

Standards and directives for the product

development process: Title and content

Recycling-oriented product development

VDI 2243 The VDI Directive provides information, guidance and decision-making aids for
product development to improve the recyclability of the product.
Inventive problem solving with TRIZ
Sheet 1 - Basics and terms
VDI 4521 The VDI Directive Sheet 1 provides descriptions of the contents, i.e. Basics and
Sheet 1 to 2 terms of the TRIZ method (method of inventive problem solving).

Sheet 2 - Goal description, problem definition and solution prioritization
The VDI Directive Sheet 2 describes tools and methods of the TRIZ procedure.

DIN EN 62430; VDE
0042-2:2010-02

Environmentally conscious design of electrical and electronic products
The standard describes a generally applicable procedure for integrating envi-
ronmental aspects into the design and development processes of electrical and
electronic products and systems.

DIN EN ISO 14006

Environmental management systems - Directives for the consideration of
environmentally compatible product design

The standard addresses product-related environmental aspects that can be
monitored or influenced by an organization.

DIN CEN/TS 16524;
DIN SPEC
33925:2013-12

Mechanical products - Methodology to reduce environmental impacts in
product design and development

The Technical Specification describes an ecodesign methodology that busi-
nesses can use to apply ecodesign criteria to minimise the environmental im-
pact of the product to be developed.

Methodology for the development and design of technical systems and
products

VDI 2221 The VDI directive conveys, among other things, the work steps, work results
and generally applicable and cross-sector fundamentals of the methodical de-
velopment and design of technical systems and products.

Development methodology for mechatronic systems
VDI 2206 The VDI directive supports the methodical, cross-domain development of mech-

atronic systems. The directive focuses on the procedures, methods and tools for
the earlier phases of development, in particular the design phase.




Standards and directives

Document

number

Standards and directives for the product
development process: Title and content

Information Processing in Product Development - Feature-
Technology

VDI 2218 The VDI directive provides an overview of feature technology. This includes
among other things definitions and examples for the implementation of feature
technologies in practice.

Information Processing in Product Development - Introduction and Opera-
tion of PDM Systems

VDI 2219

The VDI directive describes the structured procedure for the initial introduction
or change of product data management systems (PDM systems).

4.3 Standards and directives for clarifying the task

Table 22 contains, among other things, the VDI Directive 4070 on sustaina-
ble management, especially in small and medium-sized businesses. Sustain-
ability goals can already be firmly anchored in the development of manage-
ment processes, which in turn should be reflected in the product require-
ments (Chapter 2.1.1).

Table 22: Standards and directives for clarifying the task

Document

number

VDI 4070
Sheet 1

Standards and directives to
clarify the task: Title and content

Sustainable business practices in small and medium-sized businesses -
Guidance for sustainable business practices

The VDI directive formulates directives for the implementation of sustainabil-
ity-oriented management processes, especially in small and medium-sized
businesses (SMEs). The principles include the following

e Recognition of social responsibility,

e Taking into account and balancing the interests of stakeholders,

e Transparency,

e holistic approach and

e use of instruments of sustainability management.

VDI 2222
Sheet 1

Construction methodology

Sheet 1 - Methodical development of solution principles

The VDI directive is a detailing and extension of the directive VDI 2221 (Table
21) and deals with work steps 1 to 3, whereby work step 1 comprises the clari-
fication and specification of the task.

Further details are given in Table 23 on the following page
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Standards and directives

L.L Standards and directives for the conceptual and
design phase

Table 23 lists directives related to the concept and design phase. These in-
clude VDI 2222 Part 1 and VDI 2223, both of which belong to the roof di-
rective VDI 2221 (Table 21).

Table 23: Standards and directives for the concept and design phase

Document Standards and directives for the concept and

number design phase: Title and content

Construction methodology
Sheet 1 - Methodical development of solution principles

VDI 2222 The VDI directive is a detailing and extension of the directive VDI 2221 (Table
Sheet 1 21) and deals with the work steps 1 to 3, including Figure 1 (1 - clarifying the
task, 2 - determining functions and their structures, 3 - finding principle solu-
tions). Among other things, the methodology and the type of documentation
used to derive the "principal solution" are described.

Methodical design of technical products

The VDI directive is a detailing and extension of the directive VDI 2221 (Table
VDI 2223 21) and deals with the work steps 4 to 6, including Figure 1 (4 - Structuring
into feasible modules, 5 - Design of the decisive modules, 6 - Design of the en-
tire product). The directive explains in particular the design in precision engi-
neering and mechanical engineering.

4.5 Standards and directives for the development
phase

Table 24 shows directives and standards dealing with the elaboration phase.
These include the methodology of construction - in general and in various
industries - as well as business-oriented fundamentals.

Table 24: Standards and directives for the elaboration phase

Document Standards and directives for the
number development phase: Title and content

3-D product modelling - Technical and organisational requirements - Pro-
cedures, tools and applications - Economic use in practice

The VDI Directive describes the use of 3D product models, as these have the
following advantages over 2D systems:

e more complete product models,

e fewer documents to be created and managed individually, as many docu-
ments are (partially) automatically derived from the 3D product models,

VDI 2209

e early recognition and avoidance of problems and consequently fewer optimi-
zation cycles in the product development process.




Standards and directives

Document

number

VDI 2211
Sheet 2

Standards and directives for the
development phase: Tifle and content
Information processing in product development - Calculations in con-
struction

The VDI directive illuminates the calculation tasks before and parallel to the
design process of a mechanical engineering designer.

VDI 2225
Sheet 1 to 4

Design methodology - technical-economical design

Sheet 1 Simplified cost calculation

This VDI directive describes a simple calculation procedure for material and
manufacturing cost estimation.

Sheet 2 Tables

This VDI directive provides numerical values for relative material cost shares
and material costs.

Sheet 3 Technical-economic evaluation

This VDI directive provides a detailed description of two methods of cost and
profitability accounting for practical application in design.

Page 4 Design gauge

This VDI directive shows how technical and economic requirements are to be
taken into account or calculated in the design.

VDI 2234

Economic basics for the designer

The VDI directive conveys the basics of cost and economic efficiency account-
ing for design (including short calculations, estimation procedures).

VDI 2235

Economic decisions in design - methods and aids

The VDI directive provides methods and tools for economic decisions during
design.

VDI 2244

Designing safety-oriented products

The VDI directive describes safety-relevant influences as well as their construc-
tive consideration for all technical products which pose a danger to humans
and the environment.

VDI 2249

Information processing in product development -

CAD Usage Function

The VDI directive presents CAD systems using various applications in mechan-
ical engineering, plant construction and electrical engineering.
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Product declaration and procurement

5 PRODUCT DECLARATION AND PROCUREMENT

The product declaration is an essential factor in drawing attention to the en-
vironmental friendliness or resource efficiency of a product - in particular for
the procurement of a business. It can also help in the product development
process to make environmentally friendly or resource-efficient requirements
on the product to be developed.

Three different types of environmental labels and declarations are distin-
guished according to DIN standards: type I, type Il and type III. The individ-
ual types are explained in key points in Table 25.

Table 25: Types of environmental labels according to DIN standards'?’

Eco-labelling and
environmental

declaration

According to DIN EN ISO
021
TYPE Il

Environmental Declaration

labelling

According to DIN EN
ISO 14024 TYPE |

According to DIN EN ISO 14025
TYPE Ill

are aimed at private and | e are mostly aimed at consum- | e are aimed at manufacturers in the
supply chain, trade and commerce,
and less at consumers

commercial consumers ers

e have a special environ- e often focus on a single envi-

mental quality

are relevant for public
procurement

have a high credibility
and are mostly very well
known

require third-party certi-
fication

involve interested parties

ronmental aspect

apply in principle also to
complex information

are the sole responsibility of
the manufacturer as a volun-
tary self-declaration

are based on a life cycle evaluation

provide comprehensive quantitative
and verified information

represent environmental impacts
without evaluating them

are suitable for all products and
services

enable data aggregation along a
value chain

require independent verification by
third parties

A famous example of Type I environmental labelling is the "Blue Angel". DIN
14021 defines a total of 17 selected terms for Type II which can be applied
to a product. These include the terms compostable or recyclable. The Type
[II declarations, which are listed in DIN 14025, are far more complex.

129 According to BMUB (2014), p. 15.
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The ISO 14020 series of standards provides a basis for product-related envi-
ronmental information at the international level. The standard describes the
"how" of the implementation of environmental labels (Table 25) and defines
nine principles as clear directives (Figure 23).

CORRECT INFORMATION

Principle 1:  Statements concerning the environmental aspects of a product
shall be accurate, verifiable and relevant; they shall not be mis-
leading.

AVOID TRADE BARRIERS

Principle 2: Requirements for the award of environmental claims and eco-labels
must not create unnecessary barriers to international trade.

VERIFIABLE METHODS

Principle 3: Statements on environmental aspects of a product must be based
on scientifically verifiable methods that are as widely accepted
and accessible as possible.

INFORMATION FOR INTERESTED CIRCLES

Principle &: In the context of eco-labelling, information on the processes, meth-
ods, criteria and basic assumptions used must be accessible fo all
interested parties.

NOTE THE LIFE CYCLE OF THE PRODUCT

Principle 5:  All stages of the product life cycle must be considered when de-
veloping environmental claims and eco-labels. A life cycle evalua-
tion is helpful, but not necessary.

Principle 6: Eco-labels must not be a barrier to innovation with the same or
better environmental performance.

I AVOID OBSTACLES TO INNOVATION
L]

Measure hold

Principle 7:  Administrative burden and information requirements regarding en-
vironmental claims about products must be limited to what is nec-
essary.

OPEN CONSULTING

Principle 8: The process for developing eco-labels shall include open consulta-
tion with interested parties.

INFORMATION FOR BUYERS

Principle 9: Information relevant for environmental claims about a product must
be accessible to the (potential) purchaser of a product.

jo
Jo

Figure 23: Nine principles of product-related environmental labelling'*

130 Based on BMUB (2014), p. 18 et seqq.
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Product declaration and procurement

Product-related environmental information plays a particularly important
role in procurement, both public and internal. They should be transparent
and easy to understand.

The Federal Environment Agency can tell you which other requirements and
information must be observed when procuring environmentally friendly
products. Training materials should further anchor environmentally friendly
procurement in public institutions (Table 26).

Table 26: Training material for environmentally friendly procurement!3!

Training script

number

1 Fundamentals of environmentally friendly procurement

2 Legal foundations of environmentally friendly public procurement

3 Introduction to the use of eco-label product criteria

4 Strategic market observation and market analysis

5 Introduction to the calculation of life cycle costs and their use in the pro-
curement process

6 Obstaclg analysis for environmentally friendly procurement using a self-
evaluation tool

These documents also show product developers from businesses what re-
quirements are placed on environmentally friendly products by public insti-
tutions.

131 Cf. Federal Environment Agency (2017).
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Conclusion

6 CONCLUSION

The brief analysis shows that product development has a very large influence
on the resource efficiency of a product. Not only the consumption of raw
materials and the environmental impact are reduced, but also costs can be
significantly saved. The majority of the resulting manufacturing and material
costs are determined during product development. Resource efficiency
measures consequently open up a high economic potential and create com-
petitive advantages.

In current practice, however, resource efficiency strategies and measures are
often insufficiently integrated into the product development process. Rea-
sons for this include a lack of practical experience in implementation or dif-
ficulties in selecting and prioritising resource efficiency strategies and
measures '*2. From a systematic point of view, however, the extent to which
a product will be suitable for manufacture, dismantling, repair, material,
function or recycling should already be determined during product develop-
ment. For example, a business was able to reduce its raw material costs by
90 % and its energy demand by 50 % compared with conventional competing
products by designing products that were suitable for repair, dismantling
and production and by complying with the requirements of the "Blue An-
gel”.133

The result or environmentally sound product design should therefore be sub-
ject to life-cycle analysis and evaluation. The use and disposal phases are
also included in the rough consumption calculations here. This ensures that
the resource efficiency measures actually result in lower material and energy
demand along the entire life cycle and that unnecessary environmental pol-
lution, waste and increased resource consumption are avoided.

In addition to life cycle-related analysis and evaluation, product developers
have other methods at their disposal to determine resource efficiency poten-
tials within the limits of the product development process. This includes, for
example, the resource FMEA (Failure Mode and Effect Analysis)!**. This

132 Cf, Pigosso et al. (2013), p. 161.
133 Cf. VDI Zentrum Ressourceneffizienz GmbH (2017a).
13% Cf. VDMA (2016), p. 93.
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Conclusion

method can be used to identify resource shortages in the upstream stages of
the value chain and to derive measures to reduce the supply risk. A further
example is the sub-assembly influence analysis, which identifies the compo-
nents with the highest resource efficiency potential in order to revise them
in the design and development phase.

If requirements from environmental labels are observed and complied with
in product development, declarations on the product can generate further
competitive advantages. Well-known environmental labels are, for example,
the "Blue Angel" or "Seal clarity". Public institutions in particular, but also
other stakeholders, are called upon to procure in an environmentally sound
manner and to orient themselves towards environmental labels and declara-
tions.

The brief analysis shows that the integration of higher-level resource effi-
ciency strategies and concrete measures in the product development process
opens up efficiency potentials that generate cost savings in production and
competitive advantages in the market for businesses.
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APPENDIX

Table 27: Objectives of design for X strategies that are highly likely to directly

determine an ecodesign principle

Design for X Strategies and

Resource Efficiency Measures

Production-oriented product design'®

Longevity

Reparability

Material efficiency

Energy efficiency

Problem substance

navartyu

Use of renewable

raw materials

Recyclability

Integrated construction

Reduction of the machining volume, e.g. form-
ing close to the final dimensions

Reduction of production steps

Intelligent purchase of components

Standardisation of the manufacturing process
through standardised series, use of uniform
tools and increase in batch sizes

Product design suitable for dismantling'3

Ensure accessibility to fasteners and attach

the disassembly fasteners so that they are X X - - - - X
easy to locate

Ensure reversibility of assembly operations X X - - - - X
Goal for a building structure suitable for dis-

mantling with uniform dismantling and join- X X - - - - X
ing directions

Use easily detachable connections X X - - - - X
Ensure the operability of the detachable con- X X ~ ~ B B X

nections over their entire service life

135 Cf, Kalweit et al. (2012), p. 600 f.
136 Cf. ECODESIGN Pilot (2017b).
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Design for X Strategies and
Resource Efficiency Measures

Repair-oriented product design®" 138

Longevity

>
.
o
n
=
[
(=N
[
(a4

Material efficiency

Energy efficiency

Problem substance

navartu

Use of renewable

raw materials
Recyclability

Reduce fine motor work, make gripping and
moving areas user-friendly and use estab-
lished or standardised assembly techniques

Allow for easy cleaning and observe slightly
angled construction

Steer unavoidable wear
to replaceable components

Use of simple wear detection

Show required service intervals of the
product

Avoidance of required special
tools

X

Material/material-specific product design®? 140

Optimisation of component size and design

Use of materials with a good environmental
balance sheet

X

Avoid toxic materials/ constituents

Use of materials from renewable raw materials

Application of wear protection, corrosion pro-
tection and hard material coatings

Avoidance of the use of inseparable material
composites, use of components/sub-assem-
blies each made of one material (single-mate-
rial parts)

Avoid raw materials and components with
known problematic origin

137 Cf. Kalweit et al. (2012), p. 600.
138 Cf. ECODESIGN Pilot (2017a).
139 Cf. Kalweit et al. (2012), p. 600.
140 Cf. ECODESIGN Pilot (2017¢).
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Design for X Strategies and
Resource Efficiency Measures

Longevity
Reparability
Material effi
Energy efficiency
Problim substance
Use of renewable
raw materials
Recyclability

Design for X Strategies and
Resource Efficiency Measures

>
L
=
]
e
—
“—
(7]
o
—
@
o=
o
>

Longevity
Reparability
Energy efficiency
Problem substance
navartu

Use of renewable
raw materials
Recyclability

Functional product design™'

Ensure high product reliability X - - - - - -
Ensure high functional quality and reduce the
- ) X - - - - - -
influence of malfunctions
Provide for upgradeability of the product, ena- X - - - - - -
ble technological leaps forward
Provide product for multifunctional use as dif- - - X - - - -
ferent functions
Provide adjustability and adjustability to com- X ~ ~ B ~ ~ ~
pensate for wear and tear
Implement simple functional principle or sim-

S X X - - - - X
ple building structure
Goal for robust design X - - - - - -
Usage-oriented product design'#?
Avoid environmentally harmful misuse as far
as possible - - - X - - -

Display current consumption of the product in
the utilisation phase

Improve energy demand in the utilisation
phase by increasing efficiency and choosing a - - - X - - -
more suitable functional principle

Enabling the use of renewable energy sources
in the utilisation - - - X - X -
phase

Enable the lowest possible consumption or use
of environmentally friendly or renewable raw - - X - - X -
materials for product use
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Design for X Strategies and

Resource Efficiency Measures

Material efficiency
Problem substance

nauvartu
Use of renewable

Longevity
Reparability
Energy efficiency
raw materials
Recyclability

Avoid waste from the utilisation phase or
make it recyclable

Coordinate the service life of the individual
components and choose a timeless design

Make surfaces usable - - X - - - _

141 ECODESIGN Pilot (20174).
142 ECODESIGN Pilot (2017e).
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Design for X Strategies and
Resource Efficiency Measures

Material efficiency
Problem substance

nnvartu
Use of renewable

Energy efficiency
raw materials

Recyclability
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Longevity

Recycling and recycling-friendly product design™3

Simplified removal of X
pollutants enables

Enable material separation for recycling pur- - - X - - - X
poses

Enable easy disassembly X X - - - - X
Ensure compatibility of materials for recycling - - X - - - X

Select surface coating with base material that

is compatible with recycling B B X . B B X
Allow removal of operating materials and una-

] ; - - X - - - X
voidable problem materials
Consider disposal options at the end user and
indicate instructions for disposal on the prod- - - - - - - X
uct
Identify all materials in accordance with

- - - - - - X

standards
Check the reuse of entire sub-assemblies if - - X - - - X

possible (remanufacturing)

143 Cf. ECODESIGN Pilot (2017f).



VDI Zentrum Ressourceneffizienz GmbH (VDI ZRE)
Bertolt-Brecht-Platz 3

Im Auftrag des:
10117 Berlin o

Tel. +49 30-2759506-0 R | prgemienn,
Fax +49 30-2759506-30 Bau und Reaktorsicherheit

zre-info@vdi.de
www.ressource-deutschland.de

A NATIONALE
KLIMASCHUTZ
INITIATIVE




	CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ABBREVIATIONS
	1 INTRODUCTION
	2 INTEGRATION OF RESOURCE EFFICIENCY INTO PRODUCT DEVELOPMENT
	2.1 The classic and the integrated process of product development
	2.1.1 Resource Efficiency Aspects in Clarifying the Task
	2.1.2 Resource efficiency aspects in the concept phase
	2.1.3 Resource efficiency aspects in the design phase
	2.1.4 Resource efficiency aspects in the elaboration

	2.2 Efficient use of resources through a comprehensive consideration of the product life cycle
	2.3 Innovation stages to increase the resource efficiency of a product

	3 RESOURCE EFFICIENCY MEASURES IN THE PRODUCT DEVELOPMENT PROCESS
	3.1 Resource efficiency through the combination of product and service
	3.2 Resource-oriented product development and concrete resource efficiency measures
	3.2.1 Production-oriented product design
	3.2.2 Dismantling and repair-oriented product design
	3.2.3 Material-specific product design
	3.2.4 Function- and use-oriented product design
	3.2.5 Product design for recycling and disposal

	3.3 Methods and tools for the evaluation of resource efficiency 
	3.3.1 Life cycle evaluation of resource efficiency
	3.3.2 Evaluation of resource efficiency within the limits of the product development process


	4 STANDARDS AND DIRECTIVES FOR SUPPORTING THE PRODUCT DEVELOPMENT
	4.1 Standards and directives for holistic evaluation
	4.2 Standards and directives for the product development process
	4.3 Standards and directives for clarifying the task
	4.4 Standards and directives for the conceptual and design phase
	4.5 Standards and directives for the development phase

	5 PRODUCT DECLARATION AND PROCUREMENT
	6 CONCLUSION
	BIBLIOGRAPHY



